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a  b  s  t  r a  c t

Acute liver  failure  (ALF) is  a severe  condition  secondary  to a  myriad  of causes associated  with  poor

outcomes.  The prompt diagnosis  and  identification  of the  aetiology  allow  the administration  of specific

treatments  plus supportive strategies and to define  the  overall prognosis, the  probability of developing

complications  and the  need  for  liver  transplantation.  Pivotal  issues  are  adequate  monitoring  and  the

institution  of prophylactic  strategies to reduce  the  risk of complications,  such  as  progressive  liver  failure,

cerebral oedema,  renal  failure, coagulopathies  or  infections. In  this  article, we  review  the  main aspects

of ALF, including the  definition,  diagnosis  and  complications. Also, we describe the  standard-of-care

strategies and  recent advances  in the  treatment  of ALF. Finally, we include our experience of  care  patients

with  ALF.
© 2019  Fundación  Clı́nica  Médica  Sur,  A.C. Published  by Elsevier España, S.L.U. This  is an open  access

article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Acute liver failure (ALF) is defined as the acute development of

jaundice, synthetic failure and hepatic encephalopathy in patients

without a previous history of liver disease. It  is  a severe and

complex condition that results from acute and massive hepatocel-

lular destruction [1].  Thus, ALF has a  very poor prognosis, with an

approximately 80% mortality rate in historical series [2].  A better

understanding of the causes of ALF, specific treatments, improve-

ments in intensive care management and the availability of liver

transplantation (LT) have dramatically enhanced the prognosis for

patients with ALF. Nowadays, those patients who  receive a  liver

graft have a one-year survival of approximately 70–65% [3].

ALF is an infrequent condition, with an incidence of 1–8 cases per

million inhabitants, and it is  responsible for 6% of deaths due to liver

disease and up to 7–8% of liver transplants [2]. ALF mainly affects

young adults, with a  peak age between 35 and 45 years. Women

account for approximately 60% of cases [4].  The development of

cerebral oedema, sepsis and multiple organ failure are  the main

causes of mortality [5].

The aetiology of ALF differs significantly worldwide, and it is  a

very important aspect define treatment and prognosis (Table 1).
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Notably, indeterminate aetiology accounts for 20–45% of  all ALF

cases [1,4].

Thus, early identification of ALF, the administration of  general

and specific supportive treatments and the availability of  LT are

pivotal factors that can improve the outcomes for these patients.

2.  Definition and classification

In the setting of acute hepatitis, ALF implies that there is

evidence of abnormal liver synthetic function (international nor-

malized ratio: INR >  1.5) and the development of altered mental

status (hepatic encephalopathy) within 26 weeks of the onset of  ill-

ness in a patient without a history of liver disease [6].  Nonetheless,

although the definition of ALF excludes the presence of  previous

underlying liver disease, there are some exceptions to  this def-

inition: an acute presentation of Wilson’s disease, autoimmune

hepatitis (AIH), Budd-Chiari syndrome or hepatitis B virus infection.

Hepatic encephalopathy (HE) is  usually considered the hallmark

of this disease and differentiates ALF patients from those with acute

liver injury [6].  In ALF, several classifications have been described

[5] (Fig. 1). O’Grady’s classification possesses the advantage of hav-

ing prognostic value [7]. Thus, the time  between the presentation

of jaundice and the onset of HE subdivides patients into three cate-

gories (hyperacute, acute and subacute), which are useful to define

the prognosis. The hyperacute form has a better prognosis but a

higher incidence of cerebral oedema. On the other hand, acute

and subacute presentations have a  worse prognosis, but a lower

incidence of cerebral oedema [8].
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Table  1

Main aetiologies of acute liver failure.

Aetiology of ALF

Acetaminophen intoxication

Hepatitis B virus

Hepatitis C virus

Hepatitis E virus

Cytomegalovirus

Epstein Barr virus

Herpes simplex virus

Varicella zoster virus

Autoimmune hepatitis

Wilson’s disease

Budd-Chiari syndrome

Drug-induced liver injury (idiosyncratic reaction)

Amanita phalloides intoxication

Acute fatty liver of pregnancy

HELLP syndromea

Ischaemic hepatitis

Indeterminate

a HELLP: Haemolysis, Elevated Liver Enzymes and Low Platelet count.

3. Role of liver biopsy in ALF

Liver biopsy (LB) is  an under-used resource. There are sev-

eral histologic patterns with a limited specificity that need to  be

carefully considered based on  the clinical picture. Furthermore,

extensive necrosis is the common final stage of all ALF. There

are two indications for LB: when a  specific treatment or conduct

can be decided (AH, drug-induced liver failure, viral infections,

mushroom ingestions, Wilson’s disease, malignancy) or if it is not

clear if the patient has ALF or chronic liver disease [9].  On the

other hand, in the most severe cases, LT should be considered and

liver biopsy has no role in  the treatment. A very common con-

cern in ALF patients is the risk of bleeding. Thus, the potential

harm of liver biopsy should be carefully evaluated. The most rec-

ommendable strategy is  the use of global coagulation tests, such

as thromboelastography (TEG) to evaluate the haemostasis (see

coagulation section) AND a transjugular approach which is  consid-

ered the safest and preferred route for liver biopsy in ALF patients,

reducing the risk of liver bleeding although not excluding puncture

related haemorrhagic complications (neck haematoma, haemoth-

orax, retroperitoneal haematoma, etc.).

4. Treatment

Treatments can be divided into those directed to treat the spe-

cific cause of ALF and those that provide supportive care for the

clinical manifestations of ALF which are independent of  the under-

lying aetiology.

5. Specific treatments

5.1. Autoimmune hepatitis

Steroids are the treatment of choice for AH AND a steroid trial

in  suspected severe AIH is an established practice and can be effec-

tive if given early [10].  However, although it can be useful in severe

cases its role is not clear when ALF has developed [11].  In  addition,

its use has been associated with a significant risk of infections [12].

The presence of jaundice, encephalopathy and high INR are associ-

ated with null response to steroids [13].  We suggest a  steroid trial

administration carefully evaluated on a  case  by case basis consid-

ering the patient condition and the risks of infection. Nevertheless,

clinicians should be aware to enlist for LT THOSE PATIENTS without

improvement with no  delay if LT seems to be a  better option.

Fig. 1. The classifications and subtypes of ALF employing the time between between jaundice to encephalopathy. Temporal line was graduated to 12  weeks. (A) corresponds

to  O’Grady’s, (B) to Bernau’s and (C) to Mochida’s classifications.
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5.2. Acute hepatitis B

Acute liver failure secondary to hepatitis B virus (HBV) infec-

tion can be related to  primoinfection or  reactivation of a  previous

infection. Although there is  no consensus related to the defini-

tion of ALF in HBV, it is  clear that the diagnosis of ALF related to

HBV excludes patients with cirrhosis [14].  However, excluding the

presence of HBV is  challenging considering that HBsAg and HBV

DNA levels can decrease rapidly. There is retrospective evidence

suggesting that antiviral treatment can improve the prognosis of

patients with severe forms of acute hepatitis or reactivation, includ-

ing ALF presentation [15]. Thus, the use of entecavir or tenofovir

are proper alternatives due to its high efficacy [16].  The adminis-

tration of immunosuppressive drugs (i.e., steroids, chemotherapy,

or anti-CD20 antibodies) can induce A severe reactivation and ALF.

Thus, the presence of HBV infection must be determined and antivi-

ral nucleos(t)ide analogues (NA) must be administered before the

onset of immunosuppressive treatment. Although hepatitis D  virus

(HDV) is a rare cause of ALF, HDV-HBV coinfection or  superinfection

are considered severe forms of viral ALF. Up to 20% of HDV-HBV

coinfection cases develop ALF [17]. On the other hand, only 5%

of HDV-HBV superinfection develops ALF [17].  Specific treatment

options for HDV are scarce, considering that interferon-� is con-

traindicated in ALF, the lack of efficacy of NA and the fact that

myrcludex B,  nucleic acid polymers and lonafarnib has not been

evaluated in this setting [18]. ALF secondary to HDV-HBV coin-

fection conferred a  very poor prognosis and in severe cases liver

transplantation remains as the treatment of choice [17].

5.3. Amanita phalloides

The manifestations of amanita intoxication are mainly gas-

trointestinal (abdominal pain, nausea, vomiting and cholera-like

diarrhoea). This phase is  followed by a  marked increase in serum

transaminases that eventually evolves into ALF. Amatoxins are

transported through enterohepatic circulation and inhibit gene

transcription, particularly in  the most metabolically active cells,

such as liver and kidney cells.

The recommended treatment includes gastric aspiration and

lavage with a nasogastric tube and the administration activated

charcoal [19].  A urinary output of 100–200 ml/h has also been rec-

ommended to improve the urinary excretion of amatoxin [20].

Molecular adsorbent recirculating system (MARS
®

)  has been use-

ful in amanita-related ALF, but only in small cohorts of patients

[21]. The fractionated plasma separation and adsorption system

(FPSAS) has also been suggested to  be useful [22].  Other strategies

are the use of silibinin (20–50 mg/kg/d intravenously for 48–96 h

or 1.4–4.2 g/d orally). Penicillin G reduces the binding of amatoxin

to  plasma proteins thus increasing its excretion. The usual doses

are 1,000,000 IU/kg on the first day and 500,000 IU/kg for the next

two days. The combination of silibinin and penicillin seems to have

similar efficacy to the use of silibinin alone [23]. The use of N-

acetylcysteine has also been proposed at similar doses to those used

for acetaminophen intoxication [24].

5.4. Pregnancy-related liver disease

Although uncommon severe liver dysfunction during pregnancy

may  have dismal prognosis [25]. Preeclampsia/eclampsia is  the

most common cause of liver disease during pregnancy (occurring

after 20 weeks of pregnancy) and is caused by vasospasm of the

hepatic vascular bed [26].  Serum aminotransferases can be ele-

vated up to 20 times. However, jaundice occurs infrequently. HELLP

syndrome (defined as haemolysis, elevated liver enzymes and a

low platelet count) is a  severe manifestation of preeclampsia and is

associated to liver infarctions, large haematomas, hemoperitoneum

and acute liver failure [27]. Acute fatty liver of pregnancy (AFLP)

is a rare but potentially catastrophic liver disease usually diag-

nosed during the third trimester and associated to high foetal and

maternal mortality. It  seems to be associated with mitochondrial

dysfunction secondary to  defective long-chain fatty acid oxidation.

Pregnancy interruption is the treatment of choice and considered

mandatory for all  these pregnancy-related liver diseases [25].

5.5. Acetaminophen intoxication (AI)

Acetaminophen intoxication is the most frequent cause of ALF

in  the US and the UK [5]. A recent series of 662 patients showed

that AI has a  good prognosis with transplant-free survival about

65% [28].  The effectiveness of N-acetylcysteine (NAC) for improving

the prognosis of patients with AI induced ALF has been extensively

evaluated in  large series and one controlled trial that  suggested a

significant benefit in terms of survival [29].  NAC can be adminis-

tered orally (loading dose of 140 mg/kg and 17 subsequent doses

of 70 mg/kg every four hours) or intravenously (150 mg/kg over

30 min, followed by 70 mg/kg over 4 h,  followed by 70 mg/kg over

16 h).

6. Supportive management

6.1. Haemodynamic

ALF patients usually present hyperdynamic circulation (high

cardiac output and low systemic resistance). The systemic inflam-

matory response plays a pivotal role in the pathogenesis of ALF

[30].  Thus, proper fluid administration is  necessary to improve tis-

sue perfusion and vasopressor and inotropic drugs are required

to  maintain arterial pressure and cardiac output [31]. Haemody-

namic monitoring is  essential to choose the proper intervention

with minimal adverse effects. At  this regard, pulse pressure vari-

ability is  a useful predictor of the response to  fluid administration

avoiding deleterious changes in intracranial pressure (ICP) [32].

There is scarce evidence about vasoactive drug choices. In 2007,

Eefesen et al. published a  single centre prospective study compar-

ing noradrenalin and terlipressin in  10 ALF patients who had ICP

monitoring and brain microdialysis. Terlipressin increased the CPP

without changes in ICP along with a  decrease in  brain lactate, but

the lactate/pyruvate ratio remained unchanged [33].

6.2. Ventilatory support

Ventilatory support may  be necessary in patients with impaired

consciousness or those who  have developed of acute respiratory

distress syndrome (ARDS). In ALF, approximately 21% of patients

develop ARDS, characteristically late  in  the evolution of  the disease

and mainly associated with the occurrence of sepsis [32].  Although

the development of ARDS implies more days on mechanical ventila-

tion, there is no difference in the use of renal replacement therapies

(RRT), ICU days or  mortality [34]. Interestingly, the use of positive

end–expiratory pressure can increase alveolar recruitment without

raising ICP [35].

6.3. Acute kidney injury

Acute kidney injury (AKI) is described in up to 70% of  patients,

and approximately 30% of the affected patients require RRT [36]. A

myriad of causes can be involved in  the aetiopathogenesis of  AKI

and is  more frequently associated to ischaemic hepatitis, acute fatty

liver of pregnancy, HELLP syndrome, heat stroke, hepatitis A virus

infection and drug-induced liver injury [37].  Remarkably, it is  inde-

pendently associated with decreased survival [37]. Continuous RRT

seems to be an appropriate treatment considering that intermittent
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therapies have been associated with a  higher risk of haemodynamic

instability and cerebral oedema [38].

6.4. Infections

Patients with ALF have an increased risk of infections, sepsis and

septic shock, which lead to an increased risk of morbidity and mor-

tality [39], mainly due to immune system dysfunction secondary

to the systemic compensatory anti-inflammatory response [40].

Bacterial infections are common and have been reported in up to

80% of cases [39,41]. Its diagnosis can be very difficult and requires

active surveillance due to  its severe implications [42]. The mortality

attributable to sepsis ranges between 10% and 52% [40].  The most

common infections are pneumonia (50%), urinary tract infections

(22%) and bloodstream infections (28%). Multi-resistant infections

play a significant role in these patients and fungal infections affect

up to one-third of cases [40].

Routine sampling for cultures and the administration of broad-

spectrum antibiotics, particularly if the patient’s clinical condition

worsens, is recommendable [6].  A common regimen includes

extended-spectrum �-lactam (e.g., piperacillin–tazobactam,

ticarcillin–clavulanate) and vancomycin. Additionally, Candida

treatment could be  added if there are some risk factors such as dia-

betes, parenteral nutrition, previous exposure to  broad-spectrum

antibiotics therapy or abdominal surgery. However, the exact

antimicrobial regimen should be  based on local microbiological

data. Antibiotic prophylaxis has been studied but the benefits are

controversial and it cannot be widely recommended [43].

7. Coagulation in ALF patients

During ALF, the liver diminishes the synthesis of coagulation fac-

tors (II, V, VII, IX, X), anti-coagulation factors (C and S proteins) and

the fibrinolytic system. Thus, a  new balance of the haemostasis is

established [44]. Although INR increase is  an important prognostic

factor, it does not imply a  higher risk of haemorrhage. In a  study that

employed TEG (see use of viscoelastic tests) in  20 patients with ALF

a lack of correlation between INR and haemostasis was observed

[45].  Indeed, only 20% of these patients had a  hypocoagulable state

based on the TEG assessment [45].

7.1. Bleeding risk

Bleeding in ALF may  occur spontaneously. Generally, it is  from

capillary origin and is associated with mucosal lesions. Indeed,

the  most common site of bleeding in  patients with ALF is the

gastric mucosa and prophylaxis with proton pump inhibitors

has been recommended [46]. Procedure-associated bleeding is  a

life-threatening condition, and the evaluation of the haemostatic

balance before an invasive procedure is mandatory [47].

The haemostatic profiles of ALF patients are characterized by a

variable reduction in almost all of the coagulation, anti-coagulation

and fibrinolytic factors [48].  Also, there is  a  reduction in platelet

count and abnormal platelet function. The concept of rebalanced

haemostasis points to a  new equilibrium state between coagulant

and anti-coagulant factors. In addition, there is a  compensatory

mechanism that involves the increase in platelet production of Von

Willebrand’s factor generating a  new haemostatic balance without

an increased risk of bleeding [49].

7.2. Use of viscoelastic tests

Viscoelastic tests (VET), such as TEG and thromboelastometry,

evaluate the coagulation phenotype through the different steps

in clot formation. VET have been successfully used for guiding

the administration of haemoderivatives before invasive procedures

such as liver biopsy and LT [50].  Notably, in  a  recent systematic

review the use of VET has been associated with a  reduction in

haemoderivative administration and decreased mortality [51].

7.3. Treatment of bleeding episodes

Prophylactic transfusion of blood components based on conven-

tional coagulation assays is no longer recommended and should be

used only in cases of active bleeding [52].  Instead, we  recommend

monitoring VET, platelet counts and fibrinogen levels to evalu-

ate the bleeding risk during invasive procedures (e.g., liver biopsy,

intraparenchymal catheter placement for ICP, or  liver transplanta-

tion) and implementing a  rational administration protocol for blood

components (i.e., fresh frozen plasma, prothrombin concentrate,

cryoprecipitate or platelets).

Thus, the administration of fresh frozen plasma (FFP, 10 ml/kg)

is  indicated to correct coagulopathy based on R time in  TEG [53].

Prothrombin complex concentrates are a  plausible alternative to

FFP and recommended doses vary depending on  the manufacturer.

However, their efficacy during LT is under study in  a  randomized

trial [54]. Cryoprecipitate (1 unit each 10 kg  of body weight) is

used, when maximum amplitude (MA) of TEG is  less than 50 mm

or  plasma fibrinogen level <100 mg/dL [53]. Platelet count below

50,000/mm3 is another cause of MA  <50 mm and should be cor-

rected [53].

8.  Intracranial hypertension (ICH) in ALF

ICH (defined as an intracranial pressure above 20–25 mmHg for

more than 15 min) [55] is  one of the most severe complications of

ALF and is associated with a  poor prognosis [56]. Considering that

ICH accounts for 20–35% of the mortality in ALF, its early recog-

nition is critical to avoid permanent neurologic damage [5,57].

It  is accepted that the development of ICH is  related to a poor

metabolization of ammonia by hepatocytes, which induces an accu-

mulation of glutamine in  astrocytes that has an osmotic effect and

leads to  cellular tumefaction, hepatic encephalopathy and eventu-

ally ICH [57]. Also, there is  an impaired autoregulation of  cerebral

blood flow resulting in  vasodilatation of cerebral arterioles increas-

ing intracranial blood volume [57].  ICH diagnosis is  challenging

and requires continuous neurological assessments, the use of peri-

odic neuroimaging and intracranial pressure monitoring in  patients

with brain oedema [57].

The presence of severe HE is associated with a  high frequency

of ICH (25–35% in  grade III and up to  75% in grade IV) [8].  Other risk

factors for ICH are female gender, younger age, severe liver failure

(MELD >  32), ammonium concentrations above 150–200 �mol/L,

and renal failure.

8.1. Monitoring intracranial pressure

Intracranial hypertension can produce death or serious seque-

lae precluding liver transplant and its monitoring allows the early

detection and helps to determine cerebral perfusion pressure and

evaluate the response to therapies. Besides, ALF patients have

altered cerebrovascular autoregulation and are extremely sensi-

tive  to vasopressors [58], which can produce iatrogenic oedema

secondary to vascular hyperperfusion. Continuous, real-time and

accurate measurements of ICP can be obtained only through inva-

sive methods. The rationale for ICP measurement is  based on

retrospective trials that showed a prevalence of over 50% of  ICH in

ALF patients and an association with elevated mortality risk [59].

Nonetheless, there is  not randomized data available to  evaluate the

benefit of ICP monitoring.

Invasive ICP monitoring can be obtained through two  differ-

ent approaches: intraparenchymal microtransducers and direct
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catheters (intraventricular, subdural or epidural). Selection of the

monitoring approach and placement is  relevant considering the

accuracy of the measurement and bleeding risks.

There is wide agreement that epidural transducers are  a  rela-

tively safe method [60].  However, it has a less-than-optimal degree

of precision compared with other methods due to the damping

effect of the surrounding dura mater. Intracranial pressure eval-

uated by an intraparenchymal catheter has a  good correlation with

values obtained with intraventricular catheters [61]. The rates of

infection from intraparenchymal catheters are  minimal but are

associated with a  bleeding rate of 7% and bleeding-related deaths of

approximately 3% [56,59,62].  A caveat in relation to  parenchymal

monitoring is that it may  be not representative of true cerebrospinal

fluid pressure because of intraparenchymal pressure gradients [63]

and changes in  zero values (atmospheric pressure) due to lost cal-

ibration.

Today, there are several indirect non-invasive approaches for

the  diagnosis of intracranial hypertension: transcranial Doppler

(TCD), computed tomography (CT), magnetic resonance imaging

(MRI) and optic nerve sheath diameter (ONSD) measurement.

Intracranial hypertension affects the velocity profile of blood flow

through external constriction of the blood vessels. Thus, an increase

in  systolic velocity along with a decrease in diastolic velocity

increases the pulsatility index that is observed [64].  However, TCD

remains as operator-dependent evaluation with intra- and inter-

observer variations. CT and MRI  may  show radiological signs of

brain oedema. However, the absence of these signs does not  rule

out ICH [65].  The optic nerve sheath (which has anatomic continu-

ity to meninges) is distensible and the ICP influences its diameter

[66]. Thus, literature suggests the utility of ONSD measurement

as screening method to ICH diagnosis, with a cut-off of 5.7 mm

measured 3 mm  behind the globe [67]. However, there is scarce

information in the setting of ALF. Considering the present state of

knowledge, no definitive recommendations can be made at this

regard.

8.2. Prevention and treatment of cerebral oedema

Considering the ominous outcomes associated to  ICH [5],  pro-

phylactic measures are necessary. Thus, elevation of the patient’s

head at 30 degrees, reducing stimulation pain, Valsalva manoeu-

vres and proper sedation can effectively reduce intracranial

pressure [57].

The use of  lactulose has the potential to reduce cerebral ammo-

nia levels, but its use has not been associated with an improvement

in encephalopathy or mortality in ALF [57]. Serum sodium lev-

els  need to be strictly monitored. One trial randomized patients

to  receive hypertonic saline to  increase serum sodium levels to

145–155 mmol/L or standard care. Notably, a  rapid decrease in

intracranial pressure was seen in  the active arm, followed by a

significantly reduction in the cumulative incidence of ICH [68].

Mannitol boluses (0.5–1.0 g/kg) are effective for reducing ICP [69]

however, repeated boluses are associated with a risk of fluid over-

load and hyperosmolality (greater than 320 mOsm/L). Therefore,

a strict monitoring is necessary. Hyperventilation produces cere-

bral vasoconstriction secondary to  cerebrospinal fluid alkalosis,

reduces vascular inflow and eventually decreases intracranial pres-

sure [70]. Decreasing PaCO2 to 25–30 mmHg  is  recommended in

cases of increased intracranial pressure [5] although its effect is

short-lived and cerebral vasoconstriction can generate areas of

cerebral ischaemia. Prophylactic hyperventilation does not provide

a benefit in terms of reducing the incidence of cerebral oedema [70].

Indomethacin inhibits endothelial cyclooxygenase, produces cere-

bral vasoconstriction and decreases cerebral blood flow (CBF). In a

small report, Toefteng et al. evaluated the effect of indomethacin

on ICP in twelve patients with ALF. A significant reduction in ICP

and an improvement in cerebral perfusion pressure (CPP) were

observed. However, no additional clinical information is  available

today [71].  Hypothermia reduces CBF and the entry of ammo-

nia into the brain, decreases the availability of glutamate in the

cerebral extracellular space and diminishes anaerobic glycolysis

[72].  In 1999, Jalan et al. showed that a temperature reduction

to 32–33 ◦C was  associated with a  significant decrease in ICP [73].

Interestingly, a  recent retrospective study showed that therapeu-

tic hypothermia had no impact on overall or LT-free survival [74].

However, the retrospective nature of the study warrants controlled

prospective studies to  evaluate the role of hypothermia on overall

survival. Recently, the role of prophylactic hypothermia was eval-

uated in a randomized trial. This study included forty-six patients

with intracranial pressure monitoring that were randomized to

hypothermia (targeted temperature of 33–34 ◦C) or normothermia

(36 ◦C) treatments. Interestingly, although the target temperature

was consistently achieved in both groups, there was  no difference

in  the incidence of sustained elevation of ICP (35% vs. 27% in  the

intervention group and the control group, respectively) or in overall

survival [75].

9. Extracorporeal support systems

During several years, the usefulness of extracorporeal liver

support systems has been evaluated to improve the survival for

patients on the waiting list for LT. Molecular adsorbent recircu-

lating system (MARS
®

) was  designed to  eliminate inflammatory

molecules by employing albumin dialysis, reducing nitric oxide lev-

els and improving haemodynamic parameters [76]. Initial reports

showed an improvement in systemic and cerebral haemodynamic

variables [77].  However, no survival benefit was shown [78]. The

same was true for HepatAssist which employs porcine hepatocytes

contained within a  hollow fibre bioreactor. In  a  randomized, con-

trolled trial no advantage on 30-day survival was  demonstrated

[79].

Recently, a  randomized controlled trial showed that high-

volume plasma exchange can improve transplant-free survival [80].

The mechanisms involved seems to be reduced activation of  the

innate immune system secondary to  the elimination of cytokines

and toxic molecules and the administration of physiological sub-

stances contained in FFP. Notably, 54% of these patients suffered

acetaminophen overdose. Thus, its usefulness in a  different cohort

of patients remains to be elucidated [81].

10. Liver transplantation and prognostic scores

LT is  the single most important intervention to improve sur-

vival in  the most severe cases of ALF. However, performing LT has

several restrictions including the following: organ shortage, severe

clinical deterioration (i.e., uncontrolled sepsis or haemodynamic

instability), severe comorbidities or  substance abuse [29].  Nonethe-

less, when LT is  feasible it offers excellent survival rates at one and

five years (84% and 75%, respectively) [56].  However, these sur-

vival rates are  lower in  ALF than those achieved with LT for  other

indications. Based on the analysis of the United Network for Organ

Sharing (UNOS), four factors associated with poor outcome were

identified: recipient age >50 years, requirement for life support,

body mass index ≥30 kg/m2 and serum creatinine >2.0 mg/dl. Other

factors associated with a  poor prognosis are the use of  reduced-size

organs, donor age >60 years, incompatible ABO group matching and

donor liver steatosis [82].

Several prognostic tools have been developed in order to predict

mortality and the need for LT [83]. The King’s College Criteria (KCC),

the MELD score, the APACHE II  score and the SOFA score are some

of the most commonly used scoring systems.
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Table  2

King’s College Criteria for establishing a  poor  prognosis and the need of liver

transplantation.

King’s College Criteria for acute liver failure

Acetaminophen-induced ALF

Arterial pH < 7.3 after fluid resuscitation

Or  all of the following variables

Prothrombin time > 100 s (INR >  6.5)

Serum creatinine > 3.4 mg/dl (>259 �mol/L)

Grade III–IV hepatic encephalopathy

Non-acetaminophen-induced ALF

Prothrombin time > 100 s (INR >  6.5)

Or three of the following variables

Non-A, non-B viral hepatitis, drug-induced or indeterminate aetiology of ALF

Time from jaundice to hepatic encephalopathy >  7  days

Age < 10 or >40 years

Prothrombin time >50 s (INR > 3.5)

Serum bilirubin > 17.4 mg/dl (>297.6 �mol/L)

Late in the 80s, O’Grady et al. described several variables that

were independently related to survival in  a  cohort of 588 patients

[84].  Based on this information, the authors generated two prognos-

tic models for paracetamol-induced and non-paracetamol-induced

ALF (Table 2). These models were validated in  an independent

retrospective cohort of 175 patients [85]. In a  recently published

meta-analysis, the diagnostic yield of the KCC was evaluated and

compared to the MELD score [86].  For paracetamol-induced ALF

(PIA), the sensitivity and specificity of the KCC and MELD score

were 58% and 89%, vs. 80% and 53%, respectively. In cases of non-

paracetamol-induced ALF (NPIA) the sensitivity and specificity of

the KCC and MELD score were 58% and 74% vs. 76% and 73%, respec-

tively. The overall area under the ROC curve (AUC) was 0.76 for the

KCC and 0.78 for the MELD score. The authors concluded that the

KCC seem to be more accurate in  PIA and the MELD score can be

a better predictor in NPIA. The SOFA score seems to be a  useful

prognostic tool in  ALF. In 2012, Cholongitas et al. compared the

diagnostic yield of the KCC, the MELD score, the APACHE II score

and the SOFA score in a  cohort of patients with PIA. Interestingly,

the AUC of SOFA score (0.79) was similar to  the AUC of the APACHE II

score (0.72) and was significantly better than KCC and MELD scores

(0.65 and 0.58, respectively) [87].  Additionally, in  a  previous study,

the SOFA score was also independently related to the develop-

ment of ICH [88].  Further studies are warranted, particularly studies

that evaluate patients with NPIA, before a recommendation can be

made.

The Clichy-Villejuif criteria (CVC) are mostly used in  France (fac-

tor V level: <20% in  patients <30 years of age, or <30% in patients

≥30 years of age) [89] and are based on a study by Bernuau et al.,

who evaluated patients with ALF secondary to hepatitis B virus [90].

In 1993, Pauwels et al. compared the KCC and the CVC with a  cohort

of patients with ALF mostly secondary to viral infections. On admis-

sion, the sensitivity and specificity of the KCC were superior to  those

of the CVC (86% and 79% vs.  73% and 58%, respectively) [91]. More

recently, the CVC were re-evaluated on a  cohort of 808 patients.

The sensitivity and specificity of the CVC to predict mortality were

75% and 56% vs. 69% and 50% for PIA and NPIA, respectively [89].

Interesting, factor V levels were independently related to survival

in PIA patients [89].

Lactate concentrations have been related to prognosis in ALF.

Bernal et al. evaluated the diagnostic performance of lactate con-

centration in a cohort of 103 PIA patients. The results were validated

in an independent cohort of 107 patients. A high sensitivity and

specificity were shown for a lactate concentration (after fluid

resuscitation) ≥3.0 mmol/L (76% and 97%, respectively). Notably,

incorporating lactate into KCC increased its sensitivity from 76% to

91% [92]. More recently, Cholongitas et al. reported an AUC of 0.8

in a cohort of 102 PIA patients with a  cut-off of 4.7 mmol/L [87].

In this study, the AUC for SOFA was 0.84. Interestingly, the addi-

tion of lactate to KCC, MELD or SOFA scores did not improve their

diagnostic accuracy [87].

The dynamic evolution of 4 parameters (hepatic encephalopa-

thy, serum bilirubin, INR and ammonia) over 3 days were evaluated

in a  recent study from India including 380 patients (mostly NPIA) in

an attempt to predict survival. Interestingly, the worsening or lack

of improvement in these parameters had high diagnostic accuracy

when was validated in  a  different cohort (sensitivity 90% and speci-

ficity 80%) [93].  Thus, further studies including western centres

seem to be warranted.

A recent study generated a prognostic index including coma

grade, bilirubin level, phosphorus level, INR and M-30 (an apoptosis

marker) from a  cohort of 250 patients. This index was  validated in  a

group of 250 different patients. Remarkably, the AUC for this index

(named ALFSG) was  significantly higher than those of KCC and

MELD (0.84 vs. 0.68 and 0.71, respectively) [94]. Whereas promis-

ing, the usefulness of this index is limited by the low availability of

M-30 determination.

Although uncommon in western transplant medicine, living

donor liver transplantation (LDLT) is the only alternative of LT

for ALF patients in  several Asian countries. The first successful

case was reported in  1992 [95] in  one paediatric patient. Since

then, appropriate outcomes have been reported compared to cases

transplanted with deceased donors [96].  Interestingly, LDLT is also

possible in adult recipients with good results [97,98].  In fact, Park

et al., reported a  cohort of forty adult to adult LDLT patients with an

overall one-year patient survival of 85% [99]. Nonetheless, although

feasible, significant expertise is necessary before systematically

performing LDLT in  ALF patients.

11. Future directions

11.1. Cell transplantation

Hepatocyte transplantation (HT) is  an alternative tested in  sev-

eral conditions with variable success. Hepatocytes can be harvested

from liver grafts not suitable for LT or from neonatal donors. Next,

they are isolated and directly administered through portal system

or  splenic artery injection. In  metabolic diseases such as Crigler-

Najjar or familial hypercholesterolemia, significant improvements

have been reported. However, these metabolic improvements are

transient and most patients would need LT as a  definitive treatment

[100].  In relation to  ALF, several reports of HT have been published

showing that it is a  feasible procedure. However, recovery without

LT is  uncommon and further controlled studies are warranted [101].

Stem cell transplant (SCT) can be performed employing embry-

onic stem cells, induced pluripotent stem cells, hepatic progenitor

cells, hematopoietic stem cells or mesenchymal stem cells (MSCs).

MSCs do not present ethical conflicts and can be obtained from

bone marrow, adipose tissue, umbilical cord or  amniotic fluid and

its differentiation to hepatic cells can be induced employing differ-

ent methods [102].  MSCs inhibit T  cells, dendritic cells and natural

killers, they also reduce the activation of B cells and increase the

production of T  regulatory cells and levels of IL-10 and TGF-�
modulating the immune response. These changes allow liver dam-

age to be repaired and liver function to  be improved. Thus, MSCs

can improve liver function, decrease hepatocyte apoptosis and

promote hepatocyte proliferation. Notably, MSCs improve the

survival of rodent and pig ALF models. In patients with acute

on chronic liver failure (ACLF) secondary to HBV, the infusion

of MSCs has been associated with a  significant improvement of

liver function [103–105].  In a  recent randomized controlled trial,

including 110 patients with HBV-related ACLF, the infusion of

MSCs was associated to  an increased 24 weeks survival (73.2%
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Fig. 2. Survival analysis according to liver transplantation and thromboelastography use.

(A)  Kaplan–Meier survival curves comparing patients without LT versus those with. (B) After TEG introduction in 2012 we observed a  dramatic reduction in blood product

requirements per patient.

vs. 55.6%) with no infusion-related side effects [106].  Thus, the

infusion of MSCs is  a  promising alternative for the treatment of

liver failure. However, controlled studies specifically designed to

include ALF patients are warranted.

11.2. Organ engineering

The use of decellularized 3D extracellular matrix (ACM) scaf-

folds for whole organ engineering requires the decellularization of

human or animal organ, which generates a  scaffold to  allow a recel-

lularization process with parenchymal and non-parenchymal cells,

i.e. hepatocytes, cholangiocytes, and endothelial cells. A successful

alternative is the use of xenogeneic scaffold (porcine or murine).

Several strategies are able to generate a structurally appropriate

scaffold to be repopulated, maximizing the destruction of the native

organ DNA thus avoiding the generation of a significant immune

response [107].  Of course, the recellularization of the vascular

and biliary network is  also necessary. Very recently a  successful

repopulation of the vascular tree with endothelial cells has been

achieved [108].  Several types of cells have been employed to repop-

ulate the scaffold, i.e. adult human hepatocytes, foetal liver cells,

hepatoblastoma-derived cells lines (HepG2), porcine-derived cells,

each of them presents different limitations including: poor avail-

ability that limits the amount of cells, reduced ability to perform

physiologic hepatocyte functions (foetal cells), the risk of malignant

disease, immunogenicity or even zoonosis. Thus, different alterna-

tives are being explored such as pluripotent stem cells or bipotent

progenitor cells expanded as epithelial organoids [109].  Therefore,

organ engineering could become a promising alternative to conven-

tional LT for patients with severe liver diseases although several

difficulties and technical shortcomings still need to be overcome

before clinical trials can be  performed.

12. Our experience

In the last two decades, our  hospital has become a  national ref-

erence centre for LT.  The shortage of grafts is  a severe problem.

Thus, patients can experience several complications during the

waiting period. Since 2002 to  date, we have treated 58 patients

with ALF that meet the King’s College Criteria. Most of  them were

caused by AH (Supplementary Fig. 1). Only two have undergone

spontaneous recovery. Univariate analysis of the cohort showed a

significant association between waiting time  before LT (<3.5 days)

and survival (Supplementary Table 1, LOS-LT: days elapsed before

liver transplantation). Deaths occur early in  the evolution of ALF

as shown by survival curves (Fig. 2A). Monitoring of ICP was  less

frequent in those who survived and was performed employing

microtransducers when patients exhibited brain oedema on CT.

LT was  the only intervention independently related to survival,

in  a multivariate analysis adjusted by age, sex, APACHE II, MELD

score, and duration of waiting for a  donor (OR 26.9, IC 2.67–271.8;

p =  0.005). Finally, we find an interesting relation between TEG

assessment introduction in 2013 and transfusion requirements in

our patients. We  experimented a  63% reduction in blood prod-

ucts including FFP with TEG use (p =  0.005 Mann–Whitney test,

Fig. 2B).

13. Conclusions

Acute liver failure is a  very challenging disease that must be

carefully managed by a multidisciplinary team that should include

at least an intensivist, a  hepatologist, a  radiologist and transplant

surgeons. The prompt diagnosis of ALF allows the administration of

specific and general supportive therapies. Strict neurological mon-

itoring is  critical considering the high risk of cerebral oedema and

intracranial hypertension in these patients. Considering that there

are multiple causes of ALF with significant geographical variability,

broad and rapid evaluation for the underlying aetiology is neces-

sary. Identification of the aetiology of ALF allows the opportunity to

administer specific treatments with the potential to  change the ini-

tial prognosis of the patient. Special attention must be paid to  the

rational administration of hemoderivatives being the use of  vis-

coelastic test a  rational tool. Critical issues are  proper monitoring

and constant evaluation of prognostic factors to evaluate the need
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for LT considering that no liver support systems have consistently

showed a survival benefit in  this setting.

Abbreviations

AFLP acute fatty liver of pregnancy

AKI acute kidney injury

ALF acute liver failure

APACHE II acute physiology and chronic health evaluation II

AH autoimmune hepatitis

CPP cerebral perfusion pressure

CVC Clichy-Villejuif criteria

FPSAS fractionated plasma separation and adsorption system

HE hepatic encephalopathy

ICH intracranial hypertension

ICP intracranial pressure

KCC King’s College Criteria

LT liver transplant

MELD model for end-stage liver disease

MARS molecular adsorbent recirculating system

NAC N-acetylcysteine

NPIA non-paracetamol-induced acute liver failure

ONSD optic nerve sheath diameter

PIA paracetamol-induced acute liver failure

ROC curve receiver operating characteristic curve

RRT renal replacement therapies

SOFA sequential organ failure assessment

TEG thromboelastography

TCD transcranial Doppler

VET viscoelastic tests

Financial support

None declared.

Conflicts of interest

None of the authors have relevant conflict of interest present for

any aspect of the submitted work.

Acknowledgement

Authors thank Dr. Glenn Hernández (Professor, Departamento

Medicina Intensiva, Pontificia Universidad Católica de Chile) for his

critical revision of manuscript.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in

the online version, at doi:10.1016/j.aohep.2019.04.008.

References

[1] Bower WA,  Johns M,  Margolis HS, Williams IT, Bell BP. Population-based
surveillance for acute liver failure. Am J  Gastroenterol 2007;102:
2459–63.

[2] Germani G, Theocharidou E, Adam R, Karam V, Wendon J, O’Grady J, et al. Liver
transplantation for acute liver failure in Europe: outcomes over  20 years from
the ELTR database. J  Hepatol 2012;57:288–96.

[3] Lee WM,  Squires RH, Nyberg SL, Doo E, Hoofnagle JH. Acute liver failure:
summary of a  workshop. Hepatology 2008;47:1401–15.

[4] Donnelly MC, Davidson JS,  Martin K,  Baird A, Hayes PC,  Simpson KJ.
Acute liver failure in Scotland: changes in aetiology and outcomes over
time (the Scottish Look-Back Study). Aliment Pharmacol Ther 2017;45:
833–43.

[5] Stravitz RT, Kramer DJ. Management of acute liver failure. Nat Rev Gastroen-
terol Hepatol 2009;6:542–53.

[6] European Association for the Study of the Liver. Electronic address:
easloffice@easloffice.eu;  Clinical practice guidelines panel, Wendon J, Panel
members, Cordoba J, Dhawan A, Larsen FS, et al. EASL Clinical Practical

Guidelines on the management of acute (fulminant) liver failure. J  Hepatol
2017;66:1047–81.

[7] O’Grady JG, Schalm SW,  Williams R.  Acute liver failure: redefining the syn-
dromes. Lancet 1993;342:273–5.

[8] Ostapowicz G,  Fontana RJ, Schiødt FV, Larson A, Davern TJ, Han SHB, et  al.
Results of a  prospective study of acute liver failure at 17 tertiary care centers
in the  United States. Ann Intern Med  2002;137:947–54.

[9] Fyfe B, Zaldana F, Liu C. The pathology of acute liver failure. Clin Liver Dis
2018;22:257–68.

[10] Manns MP, Woynarowski M,  Kreisel W,  Lurie Y, Rust C, Zuckerman E,
et  al. Budesonide induces remission more effectively than prednisone in
a controlled trial of patients with autoimmune hepatitis. Gastroenterology
2010;139:1198–206.

[11] Czaja AJ. Acute and acute severe (fulminant) autoimmune hepatitis. Dig Dis
Sci 2013;58:897–914.

[12] Ichai P, Duclos-Vallée JC, Guettier C, Hamida SB, Antonini T,  Delvart V, et  al.
Usefulness of corticosteroids for the treatment of severe and fulminant forms
of autoimmune hepatitis. Liver Transpl 2007;13:996–1003.

[13] Sonthalia N, Rathi PM,  Jain SS, Surude RG, Mohite AR, Pawar SV, et al. Nat-
ural history and treatment outcomes of severe autoimmune hepatitis. J  Clin
Gastroenterol 2017;51:548–56.

[14] Oketani M,  Uto H, Ido A, Tsubouchi H.  Management of hepatitis B virus-related
acute liver failure. Clin J  Gastroenterol 2014;7:19–26.

[15] Jochum C,  Maischack F, Anastasiou OE, Verheyen J, Timm J, Bechmann L,  et al.
Treatment of fulminant acute Hepatitis B with nucles(t)id analogues is safe
and does not lead to  secondary chronification of Hepatitis B. Z Gastroenterol
2016;54:1306–11.

[16] Jochum C, Gieseler RK, Gawlista I, Fiedler A, Manka P, Saner FH, et  al.  Hep-
atitis B-associated acute liver failure: immediate treatment with entecavir
inhibits hepatitis B virus replication and potentially its sequelae. Digestion
2009;80:235–40.

[17] Pascarella S, Negro F. Hepatitis D virus: an update. Liver Int 2011;31:7–21.
[18] Elazar M,  Glenn JS. Emerging concepts for the treatment of hepatitis delta.

Curr  Opin Virol 2017;24:55–9.
[19] Pond SM, Olson KR, Woo  OF, Osterloh JD, Ward RE,  Kaufman DA,

et  al. Amatoxin poisoning in northern California, 1982–1983. West J  Med
1986;145:204–9.

[20] Santi L, Maggioli C, Mastroroberto M,  Tufoni M,  Napoli L,  Caraceni P.
Acute liver failure caused by Amanita phalloides poisoning. Int J Hepatol
2012;2012:487480.

[21] Pillukat MH,  Schomacher T, Baier P, Gabriëls G, Pavenstädt H, Schmidt HH.
Early initiation of MARS

®

dialysis in Amanita phalloides-induced acute liver
injury  prevents liver transplantation. Ann Hepatol 2016;15:775–87.

[22] Bergis D,  Friedrich-Rust M,  Zeuzem S, Betz C,  Sarrazin C, Bojunga J.
Treatment of Amanita phalloides intoxication by  fractionated plasma sep-
aration and adsorption (Prometheus

®

). J  Gastrointestin Liver Dis  2012;21:
171–6.

[23] Ganzert M, Felgenhauer N, Schuster T,  Eyer F, Gourdin C,  Zilker T.  Amanita poi-
soning – comparison of silibinin with a combination of silibinin and penicillin.
Dtsch Med Wochenschr 2008;133:2261–7.

[24] Karvellas CJ, Tillman H, Leung AA, Lee WM, Schilsky ML,  Hameed B, et al.
Acute liver injury and acute liver failure from mushroom poisoning in North
America. Liver Int 2016;36:1043–50.

[25] Hay JE. Liver disease in pregnancy. Hepatology 2008;47:1067–76.
[26] Joshi D, James A, Quaglia A, Westbrook RH, Heneghan MA.  Liver disease in

pregnancy. Lancet 2010;375:594–605.
[27] Zarrinpar A, Farmer DG, Ghobrial RM,  Lipshutz GS, Gu Y,  Hiatt JR, et al. Liver

transplantation for HELLP syndrome. Am Surg 2007;73:1013–6.
[28] Larson AM,  Polson J, Fontana RJ, Davern TJ, Lalani  E, Hynan LS, et  al.

Acetaminophen-induced acute liver failure: results of a  United States mul-
ticenter, prospective study. Hepatology 2005;42:1364–72.

[29] Mendizabal M,  Silva MO. Liver transplantation in acute liver failure: a chal-
lenging scenario. World J  Gastroenterol 2016;22:1523–31.

[30] Auzinger G, Wendon J. Intensive care management of acute liver failure. Curr
Opin Crit Care 2008;14:179–88.

[31] Pinsky MR, Payen D. Functional hemodynamic monitoring. Crit Care
2005;9:566–72.

[32] Audimoolam VK, McPhail MJ,  Wendon JA, Willars C,  Bernal W,  Desai SR, et  al.
Lung injury and its prognostic significance in acute liver failure. Crit Care Med
2014;42:592–600.

[33] Eefsen M,  Dethloff T, Frederiksen HJ, Hauerberg J, Hansen BA, Larsen FS. Com-
parison of terlipressin and noradrenalin on  cerebral perfusion, intracranial
pressure and cerebral extracellular concentrations of lactate and pyruvate
in  patients with acute liver failure in need of inotropic support. J  Hepatol
2007;47:381–6.

[34] Cardoso FS, Marcelino P, Bagulho L, Karvellas CJ. Acute liver failure: an up-to-
date approach. J  Crit Care 2017;39:25–30.

[35] Mascia L, Grasso S, Fiore T, Bruno F,  Berardino M,  Ducati A. Cerebro-pulmonary
interactions during the application of low  levels of positive end-expiratory
pressure. Intensive Care Med  2005;31:373–9.

[36] Tujios SR,  Hynan LS, Vazquez MA,  Larson AM,  Seremba E, Sanders CM,  et al.
Risk factors and outcomes of acute kidney injury in patients with acute liver
failure. Clin Gastroenterol Hepatol 2015;13:352–9.

[37] Urrunaga NH, Magder LS, Weir MR, Rockey DC, Mindikoglu AL. Prevalence,
severity, and impact of renal dysfunction in acute liver failure on the US  liver
transplant waiting list. Dig Dis Sci 2016;61:309–16.

http://dx.doi.org/10.1016/j.aohep.2019.04.008
http://dx.doi.org/10.1016/j.aohep.2019.04.008
http://dx.doi.org/10.1016/j.aohep.2019.04.008
http://dx.doi.org/10.1016/j.aohep.2019.04.008
http://dx.doi.org/10.1016/j.aohep.2019.04.008
http://dx.doi.org/10.1016/j.aohep.2019.04.008
http://dx.doi.org/10.1016/j.aohep.2019.04.008
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0560
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0565
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0570
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0575
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0580
mailto:easloffice@easloffice.eu
mailto:easloffice@easloffice.eu
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0590
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0595
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0600
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0605
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0610
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0615
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0620
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0625
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0630
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0635
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0640
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0645
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0650
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0655
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0660
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0665
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0670
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0675
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0680
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0680
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0680
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0680
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0680
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0680
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0680
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0680
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0680
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0680
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0685
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0690
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0695
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0700
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0705
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0710
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0710
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0710
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0710
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0710
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0710
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0710
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0710
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0710
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0710
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0710
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0710
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0715
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0720
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0725
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0730
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0735
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740
http://refhub.elsevier.com/S1665-2681(19)30063-8/sbref0740


M.  Rovegno et al. /  Annals of Hepatology 18 (2019) 543–552 551

[38] Davenport A.  Is  there a  role for continuous renal replacement therapies in
patients with liver and renal failure? Kidney Int  Suppl 1999;56:S62–6.

[39] Rolando N, Harvey F, Brahm J,  Philpott-Howard J, Alexander G, Gimson A, et al.
Prospective study of bacterial infection in acute liver failure: an analysis of
fifty  patients. Hepatology 1990;11:49–53.

[40] Shanmugam NP, Bansal S, Greenough A, Verma A, Dhawan A. Neonatal
liver  failure: aetiologies and management – state of the art. Eur J Pediatr
2011;170:573–81.

[41] Rule JA, Hynan LS, Attar N, Sanders C, Korzun WJ,  Lee WM,  et al. Procalcitonin
identifies cell injury not bacterial infection, in acute liver failure. PLOS ONE
2015;10:e0138566.

[42] Zider AD, Zopey R, Garg R, Wang X, Wang TS, Deng JC. Prognostic signifi-
cance of infections in critically ill adult patients with acute liver injury: a
retrospective cohort study. Liver Int  2016;36:1143–50.

[43] Karvellas CJ, Cavazos J, Battenhouse H, Durkalski V, Balko J, Sanders C, et al.
Effects of antimicrobial prophylaxis and blood stream infections in patients
with  acute liver failure: a retrospective cohort study. Clin Gastroenterol Hep-
atol 2014;12:1942–9, e1.

[44] Lisman T, Bakhtiari K, Adelmeijer J,  Meijers JCM, Porte RJ, Stravitz RT. Intact
thrombin generation and decreased fibrinolytic capacity in patients with
acute  liver injury or acute liver failure. J  Thromb Haemost 2012;10:1312–9.

[45] Agarwal B, Wright G, Gatt A, Riddell A, Vemala V, Mallett S, et  al. Evaluation
of coagulation abnormalities in acute liver failure. J Hepatol 2012;57:780–6.

[46] Macdougall BR, Bailey RJ, Williams R. H2-receptor antagonists and antacids
in the prevention of acute gastrointestinal haemorrhage in fulminant hepatic
failure. Two controlled trials. Lancet 1977;1:617–9.

[47] Munoz SJ, Stravitz RT, Gabriel DA. Coagulopathy of acute liver failure. Clin
Liver  Dis 2009;13:95–107.

[48] Stravitz RT, Lisman T, Luketic VA, Sterling RK, Puri P, Fuchs M,  et al. Minimal
effects of acute liver injury/acute liver failure on  hemostasis as assessed by
thromboelastography. J  Hepatol 2012;56:129–36.

[49] Lisman T, Bongers TN, Adelmeijer J,  Janssen HL, de  Maat MP, de  Groot PG,
et  al. Elevated levels of von Willebrand Factor in cirrhosis support platelet
adhesion despite reduced functional capacity. Hepatology 2006;44:53–61.

[50] Rockey DC, Caldwell SH, Goodman ZD, Nelson RC, Smith AD. Ameri-
can  Association for the Study of Liver Diseases Liver biopsy. Hepatology
2009;49:1017–44.

[51] Afshari A, Wikkelsø A, Brok J, Møller AM,  Wetterslev J.  Thrombelastogra-
phy  (TEG) or thromboelastometry (ROTEM) to monitor haemotherapy versus
usual care in patients with massive transfusion. Cochrane database Syst Rev
2011. CD007871.

[52] Singanayagam A, Bernal W.  Update on acute liver failure. Curr  Opin Crit Care
2015;21:134–41.

[53] Johansson PI, Ostrowski SR, Secher NH. Management of major blood loss: an
update. Acta Anaesthesiol Scand 2010;54:1039–49.

[54] Arshad F, Ickx B,  van Beem RT, Polak W, Grüne F,  Nevens F,  et al. Prothrombin
complex concentrate in the reduction of blood loss during orthotopic liver
transplantation: PROTON-trial. BMC  Surg 2013;13:22.

[55] Miller JD, Butterworth JF, Gudeman SK, Faulkner JE, Choi SC, Selhorst JB, et al.
Further experience in the management of severe head injury. J  Neurosurg
1981;54:289–99.

[56] Bernal W, Hyyrylainen A, Gera A, Audimoolam VK, McPhail MJ, Auzinger G,
et  al. Lessons from look-back in acute liver failure? A single centre experience
of 3300 patients. J  Hepatol 2013;59:74–80.

[57] Mohsenin V. Assessment and management of cerebral edema and intracranial
hypertension in acute liver failure. J  Crit Care 2013;28:783–91.

[58] Strauss G, Hansen BA, Kirkegaard P, Rasmussen A, Hjortrup A, Larsen FS. Liver
function, cerebral blood flow  autoregulation, and hepatic encephalopathy in
fulminant hepatic failure. Hepatology 1997;25:837–9.

[59] Karvellas CJ,  Fix OK, Battenhouse H, Durkalski V, Sanders C, Lee WM,  et al. Out-
comes and complications of intracranial pressure monitoring in acute liver
failure: a retrospective cohort study. Crit Care Med  2014;42:1157–67.

[60] Blei A, Olafsson S, Webster S, Levy R.  Complications of intracranial pressure
monitoring in fulminant hepatic failure. Lancet 1993;341:157–8.

[61] Gelabert-González M,  Ginesta-Galan V, Sernamito-García R, Allut AG,
Bandin-Diéguez J, Rumbo RM.  The Camino intracranial pressure device
in clinical practice. Assessment in a 1000 cases. Acta Neurochir (Wien)
2006;148:435–41.

[62] Vaquero J,  Fontana RJ, Larson AM,  Bass NM,  Davern TJ, Shakil AO, et  al. Com-
plications and use of intracranial pressure monitoring in patients with acute
liver  failure and severe encephalopathy. Liver Transpl 2005;11:1581–9.

[63] Sahuquillo J, Poca MA,  Arribas M,  Garnacho A, Rubio E. Interhemispheric
supratentorial intracranial pressure gradients in head-injured patients: are
they clinically important? J  Neurosurg 1999;90:16–26.

[64] Homburg AM,  Jakobsen M,  Enevoldsen E. Transcranial Doppler recordings in
raised intracranial pressure. Acta Neurol Scand 1993;87:488–93.

[65] Wijdicks EF, Plevak DJ, Rakela J, Wiesner RH. Clinical and radiologic features of
cerebral edema in fulminant hepatic failure. Mayo Clin Proc 1995;70:119–24.

[66] Helmke K,  Hansen HC. Fundamentals of transorbital sonographic evaluation
of  optic nerve sheath expansion under intracranial hypertension I. Experi-
mental study. Pediatr Radiol 1996;26:701–5.

[67] Geeraerts T,  Launey Y, Martin L, Pottecher J, Vigué B, Duranteau J, et al.
Ultrasonography of the optic nerve sheath may  be useful for detecting
raised intracranial pressure after severe brain injury. Intensive Care Med
2007;33:1704–11.

[68] Murphy N,  Auzinger G, Bernel W,  Wendon J. The effect of hypertonic sodium
chloride on  intracranial pressure in patients with acute liver failure. Hepatol-
ogy 2004;39:464–70.

[69] Lee WM, Stravitz RT, Larson AM.  Introduction to the revised American Asso-
ciation for the Study of Liver Diseases Position Paper on acute liver failure
2011. Hepatology 2012;55:965–7.

[70] Laffey JG, Kavanagh BP.  Hypocapnia. N Engl J  Med  2002;347:43–53.
[71] Tofteng F,  Larsen FS. The effect of indomethacin on  intracranial pressure,

cerebral perfusion and extracellular lactate and glutamate concentrations
in patients with fulminant hepatic failure. J  Cereb Blood Flow Metab
2004;24:798–804.

[72] Vaquero J, Rose C, Butterworth RF. Keeping cool in acute liver failure: rationale
for  the use of mild hypothermia. J  Hepatol 2005;43:1067–77.

[73] Jalan R, Olde Damink SW,  Deutz NE, Hayes PC, Lee A.  Moderate hypothermia in
patients with acute liver failure and uncontrolled intracranial hypertension.
Gastroenterology 2004;127:1338–46.

[74] Karvellas CJ, Todd Stravitz R, Battenhouse H, Lee WM, Schilsky ML,  US  Acute
Liver  Failure Study Group. Therapeutic hypothermia in acute liver failure: a
multicenter retrospective cohort analysis. Liver Transpl 2015;21:4–12.

[75] Bernal W, Murphy N, Brown S, Whitehouse T, Bjerring PN, Hauerberg J, et al. A
multicentre randomized controlled trial of moderate hypothermia to  prevent
intracranial hypertension in acute liver failure. J  Hepatol 2016;65:273–9.

[76] Karvellas CJ, Gibney N, Kutsogiannis D, Wendon J, Bain VG. Bench-to-bedside
review: current evidence for extracorporeal albumin dialysis systems in liver
failure. Crit Care 2007;11:215.

[77] Lai WK,  Haydon G,  Mutimer D,  Murphy N. The effect of molecular adsorbent
recirculating system on pathophysiological parameters in patients with acute
liver failure. Intensive Care Med  2005;31:1544–9.
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