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BACKGROUND:  Diagnosis  of  hepatocellular  carcinoma  (HCC) can be established  with  near  certainty  by
correlating  radiological  imaging  with  clinical  presentation.  However,  in  the  absence  of  diagnostic  cer-
tainty,  biopsy  of  liver  tissue  is  mandatory  for optimal  management.  We present  our management  of  a
patient with  advanced  liver  disease  who  presented  with  an  IVC  mass  extending  into  the  right atrium,
with  co-existing  liver  lesions  not  meeting  criteria  for  an  imaging  diagnosis  of  HCC.
CASE  PRESENTATION:  A 62-year-old  male  with  Child-Pugh  C liver  cirrhosis  presented  with  decompensated
liver  failure.  Multiple  imaging  modalities  demonstrated  an  inferior  vena  cava  (IVC)  mass  extending  into
the  right  atrium  with  co-existing  liver  lesions  not  meeting  radiological  criteria  for  an  imaging diagnosis
of  HCC.  There  was  no contiguous  evidence  of  HCC  in the  liver,  yet  there  was  extensive  tumour  burden
in  the  IVC  representing  a separate  metastatic  lesion  without  any  indication  of direct  tumour  spread.
Under  fluoroscopic  and  angiographic  guidance,  a biopsy  catheter  was  advanced  through  the right  atrium
into  the  IVC.  Histology  from  the  biopsy  demonstrated  fragments  of malignant  tumour  with  features
consistent  with  moderately  differentiated  HCC  without  thrombus.  Given  the  poor  prognosis  associated

with  metastatic  HCC  with  IVC  and  intracardiac  involvement,  a multidisciplinary  decision  was  made  with
the  patient’s  family  for palliation  care.
CONCLUSION:  Transjugular  biopsy  of  IVC  masses  can  be  performed  effectively,  in  an  awake  patient,  with-
out  the  need  for  sedation  or anaesthesia.  Where  multiple  imaging  modalities  fail  to  confirm  a  diagnosis  for
liver or  IVC  pathology,  transluminal  biopsy  can  assist  with  definitive  diagnosis  and  treatment  planning.

© 2017  The  Author(s).  Published  by Elsevier  Ltd on behalf  of  IJS Publishing  Group  Ltd.  This  is  an  open
he CC
access  article  under  t

. Background

Important predictors of mortality in patients with cirrhotic
iver disease include severity of liver disease as reflected by the

odel End Stage Liver Disease (MELD) score, patient age, and
omorbidities determined, by the American Society of Anesthe-

iologists physical status classification [1,2]. Despite advances in
odern anaesthesia and surgical techniques, surgery for patients
ith advanced cirrhosis is associated with significant morbidity

Abbreviations: CARE, case report guidelines; CT, computed tomography; HCC,
epatocellular carcinoma; IVC, inferior vena cava; MELD, Model for End-Stage Liver
isease.
∗ Corresponding author at: Department of Anaesthesia, Austin Hospital, Heidel-
erg, Victoria, 3084, Australia.
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and mortality [3]. Hepatocellular carcinoma (HCC) is a common
complication of liver cirrhosis and the most common form of liver
malignancy; it is the third leading cause of cancer-related death
worldwide [4]. HCC preferentially metastasizes to the lungs, intra-
abdominal lymph nodes and bone, however invasion of vascular
structures including the portal system, inferior vena cava (IVC) and
right atrium are well described however associated with extremely
poor prognosis [5–7]. In many cases the diagnosis of HCC can
be established with near certain accuracy using imaging charac-
teristics and knowledge of background cirrhosis. However, in the
absence of these, determining histopathology is crucial in planning
for further optimum management. Open, laparoscopic or transcu-
taneous liver biopsy are often considered for diagnostic purposes
in this setting, however these carry inherent risks in the presence
of advanced liver disease and co-existing frailty. We  describe our
management strategies in a patient with advanced liver disease

who presented with an IVC mass extending into the right atrium
with co-existing liver lesions not meeting criteria for an imaging
diagnosis of HCC. To avoid complications associated with general
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Fig. 3. Angiogram of injection of contrast into the inferior vena cava demonstrating
soft tissue mass. Filling defect of the inferior vena cava is also shown.

disease, a multidisciplinary decision was made, together with the
patient’s family, for palliation, and the patient died eight days later.
ig. 1. Axial post-contrast CT scan shows left lobe mass, inferior vena cava filling
efect and left portal vein thrombus..

naesthesia, sedation or transcutaneous biopsy, a minimally inva-
ive diagnostic transjugular biopsy was successfully performed.
his was paramount in determining subsequent management in
his high-risk surgical candidate.

. Case presentation

A 62-year-old Caucasian male presented with abdominal dis-
ension on a background of Child Pugh C liver cirrhosis secondary
o alcoholic liver disease, complicated by acute decompensa-
ion with ascites, severe portal hypertension and encephalopathy.
he patient had an Eastern Cooperative Oncology Group (ECOG)
erformance status score of 4 (completely disabled with severe

imitations in selfcare and confined to bed or chair) and a Model
or End-Stage Liver Disease (MELD) score of 24. Computed tomog-
aphy (CT) demonstrated a diffuse irregular 7 cm soft tissue mass
n the left lobe of the liver thought to be consistent with a HCC
Fig. 1). In addition, there was a large IVC mass of unknown aetiol-
gy. Whilst HCC was considered as differential diagnosis for both
esions, the diagnosis could not be confirmed on imaging alone. Of
ote, there was no contiguous mass with the liver to account for the
xtensive IVC mass seen, suggesting an independent pathological
roces. Liver magnetic resonance imaging (MRI) confirmed the liver
ass but did not meet diagnostic criteria for HCC. Extensive filling

efects were seen within the IVC extending into the right atrium
uggestive of thrombus (Fig. 2). The left portal vein demonstrated
imilar filling defects. The heterogeneous signal abnormalities seen
n CT were attributed to potential dysplastic nodules. Due to the
ignificant risks associated with an invasive open or percutaneous
iagnostic surgical procedures requiring general anaesthesia or
edation, biopsies of the IVC mass were obtained using a tran-
jugular approach. After local anaesthesia infiltration of the skin of
he neck, and the absence of sedative medications, the right inter-

al jugular vein was punctured under ultrasound guidance. After
uccessful guide-wire dilatation, a Labs 200 19-gauge liver biopsy
atheter was advanced through the right atrium and into the IVC

ig. 2. Coronal T2-weighted magnetic resonance imaging showing mass in the infe-
ior vena cava.
Fig. 4. Angiogram of inferior vena cava with contrast intruding into the mass at the
site  of biopsy.

and several core biopsies were collected (Cook Medical Inc., Bloom-
ington, Illinois, USA) under fluoroscopic and angiographic guidance
(Figs. 3 and 4). There were no complications.

Histology demonstrated fragments of malignant tumour with
features consistent with moderately differentiated hepatocellu-
lar carcinoma confirmed by immunoperoxidase staining (Fig. 5).
Immunohistochemistry showed the tumour to be positive for low
molecular weight cytokeratin, and negative for alpha-fetoprotein,
high molecular weight cytokeratin, cytokeratin 7 and 20, car-
cinoembryonic antigen, and the glycosylated transmembrane
protein CD34. No thrombus was  seen. Given the poor prognosis
associated with metastatic HCC with IVC and intracardiac involve-
ment, on the background history of end stage decompensated liver
Fig. 5. Histopathology of the inferior vena cava hepatocellular carcinoma.
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. Discussion

We  report a case where minimally invasive diagnostic tran-
jugular biopsy was performed in a patient with end stage liver
isease, where more invasive procedures, general anaesthesia, and
edation were considered prohibitive. Whilst intraluminal transve-
ous biopsy was first performed in 1964, the transjugular approach

or biopsy of IVC lesions is infrequent [8–15]. In the case described,
e chose a minimally invasive method to obtain a tissue diagno-

is of the IVC mass due to the patient’s advanced liver disease and
oor functional status. Whilst percutaneous CT guided biopsy has
een previously described for sampling such lesions, some form of
edation is generally required, which itself carries an inherent risk
f exacerbating hepatic encephalopathy [16–18].

Compared to percutaneous or open chest sampling of mediasti-
al tissue, the transvenous method for biopsy acquisition offers
ultiple advantages. Firstly, the procedure is minimally invasive

nd can be used in critically ill patients, or in those with signif-
cant comorbidities that would make operative or percutaneous
iopsy difficult. Transluminal biopsy can also be achieved in those
ho have contraindications to more traditional methods, such as

n bleeding diatheses. Secondly, significant complications such as
neumothorax, major vascular injury and air embolism that can
ccur during percutaneous biopsy are minimized [19]. The risk of
hese complications would likely be reduced due to the targeted
ourse of the biopsy needle through the preformed lumen of the
ugular vein. Moreover, there is a theoretically lower risk of tumour
eeding, as the biopsy sample is not withdrawn through several
ayers of tissues. In the event of greater accuracy being required,
ntravascular ultrasound can be concomitantly employed.

This method of transvenous sampling is not limited to the vascu-
ar system. Intracardiac neoplasms have been biopsied in this way

ith a variety of imaging-guidance including transoesophageal
chocardiography, fluoroscopy and intracardiac echocardiography
20–32]. Renal biopsies have also been performed safely on a large
eries of patients using the internal jugular vein, as have hep-
tic biopsies [33,34]. In most cases of IVC HCC, a contiguous mass
xtending from the liver into the IVC would be seen as a tumour
hrombus [35,36]. Our case is unique in that multiple imaging

odalities demonstrated no contiguous evidence of HCC in the
iver, yet there was extensive tumour burden in the IVC represent-
ng a separate metastatic lesion without any indication of direct
umour spread. This created diagnostic uncertainty that was clari-
ed using transluminal biopsy, thus negating the need for further

nvasive techniques.
In summary, transjugular biopsy of intracardiac or IVC masses

an be performed effectively, in an awake patient, without the need
or sedation or anaesthesia. This technique should be considered
n patients with IVC masses extending into the right atrium who
re deemed to be high-risk surgical candidates and where diag-
osis is uncertain. As described in this case, this technique was
aramount in confirming the diagnosis, which allowed appropri-
te management strategies. This report was written following the
ARE guidelines for clinical case reporting [37,38].

onflict of interest

Nil conflicts declared by each author.
unding

This research did not receive any specific grant from funding
gencies in the public, commercial, or not-for-profit sectors.

[

PEN  ACCESS
rgery Case Reports 39 (2017) 324–327

Ethical approval

Austin Health Research Ethics committee has approved this
report being submitted for publication. Written informed consent
has been obtained by the patient’s next of kin and is available upon
request from the corresponding author.

Consent

Written and informed consent for publication, including all de-
identified images have been provided by the patient’s next of kin.

Authors’ contribution

A/Prof Laurence Weinberg: responsible for study concept, data
collection, data interpretation, collation of all images and writing
of the paper. He is the corresponding author.

Dr Manfred Spanger was the interventional radiologist who
performed all the interventional radiology procedures. He was
responsible for next of kin consent, collection and interpretation
of all radiological images, data interpretation and writing of the
paper.

Drs Diana Abu-ssaydeh, Jason Wang, and Clarence Wong
assisted with the literature review, data collection and interpre-
tation, and writing of the paper.

All authors were involved in drafting the article. All authors have
read the final manuscript and approved it for submission.

Guarantor

A/Prof Laurence Weinberg is the Guarantor.
Address: Department of Anaesthesia, Austin Hospital, Heidel-

berg, Victoria, 3084, Australia Email: laurence.weinberg@austin.
org.au.

Availability of data and material

All original radiological images are available from the corre-
sponding author.

Acknowledgement

Nil.

References

[1] S.H. Teh, D.M. Nagorney, S.R. Stevens, et al., Risk factors for mortality after
surgery in patients with cirrhosis, Gastroenterology 132 (2007) 1261–1269.

[2] J.G. O’Leary, P.S. Yachimski, L.S. Friedman, Surgery in the patient with liver
disease, Clin. Liver Dis. 13 (2009) 211–231.

[3] L.S. Friedman, Surgery in the patient with liver disease, Trans. Am.  Clin.
Climatol. Assoc. 121 (2010) 192–204.

[4] D.M. Parkin, F. Bray, J. Ferlay, P. Pisani, Estimating the world cancer burden:
globocan 2000, Int. J. Cancer 94 (2001) 153–156.

[5] EASL-EORTC clinical practice guidelines: management of hepatocellular
carcinoma, J. Hepatol. 56 (2012) 908–943.

[6] S. Katyal, J.H. Oliver, M.S. Peterson, et al., Extrahepatic metastases of
hepatocellular carcinoma, Radiology 216 (2000) 698–703.

[7] H. Yoshidome, D. Takeuchi, F. Kimura, et al., Treatment strategy for
hepatocellular carcinoma with major portal vein or inferior vena cava
invasion: a single institution experience, J. Am. Coll. Surg. 212 (2011)
796–803.

[8] A.K. Abdel-Aal, S. Gaddikeri, S. Saddekni, et al., Primary leiomyosarcoma of
the inferior vena cava invading the right atrium: a technique for intraluminal
biopsy through a transvenous approach, Vasc. Endovasc. Surg. 45 (2011)

743–746.

[9] R.A. D’Altorio, J.Z. Elliott, M.  Reiser, M.R. Khan, Transjugular biopsy of inferior
vena caval tumor, J. Urol. 165 (2001) 1988–1989.

10] C.T. Dotter, Catheter biopsy experimental technic for transvenous liver
biopsy, Radiology 82 (1964) 312–314.

http://laurence.weinberg@austin.org.au
http://laurence.weinberg@austin.org.au
http://laurence.weinberg@austin.org.au
http://laurence.weinberg@austin.org.au
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0050


 –  O
l of Su

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

O
T
p
c

CASE  REPORT
L. Weinberg et al. / International Journa

11] J.H. Ellis, G.J. Becker, V.P. Jackson, H.M. Park, R.W. Holden, Transcatheter brush
biopsy of a liver mass with CT-proven intracaval extension, Comput. Radiol. 9
(1985) 173–176.

12] K. Kishi, T. Sonomura, M.  Terada, M.  Sato, Scoop biopsy of intracaval tumor
thrombi: a preliminary report of a minimally invasive technique to obtain
large samples, J. Radiol. 24 (1997) 263–268.

13] A. Logaraj, P. Edwards, Transcaval biopsy of a mediastinal mass compressing
the superior vena cava, Respirol. Case Rep. 5 (2) (2016) e00213.

14] S.R. Mills, J.L. Doppman, G.L. Head, N. Javadpour, M.F. Brennan, E.W. Chu,
Transcatheter brush biopsy of intravenous tumor thrombi, Radiology 127
(1978) 667–670.

15] H. Shimoda, K. Oka, S. Otani, et al., Vascular leiomyosarcoma arising from the
inferior vena cava diagnosed by intraluminal biopsy, Virchows Arch. 433
(1998) 97–100.

16] S. Kos, D. Bilecen, D. Baumhoer, N. Guillaume, A.L. Jacob, CT-guided
percutaneous fine-needle aspiration biopsy of the inferior vena cava wall: a
posterior coaxial approach, Cardiovasc. Intervent. Radiol. 33 (2010) 209–212.

17] A. Al-Rikabi, A.A. Hussain, M.  Buchler, A. Al-Muzrakchi, C.R. Jyothi, Primary
leiomyosarcoma of the inferior vena cava: report of a case diagnosed by fine
needle aspiration cytology and confirmed by histopathologic examination,
Acta Cytol. 51 (2007) 477–479.

18] R. Vaja, L. McNicol, I. Sisley, Anaesthesia for patients with liver disease,
Contin. Educ. Anaesth. Crit. Care Pain 10 (2010) 15–19.

19] A. Manhire, M.  Charig, C. Clelland, et al., Guidelines for radiologically guided
lung biopsy, Thorax 58 (2003) 920–936.

20] T.A. Beaver, J.F. Robb, E.J. Teufel, D.J. Malenka, R.T. Palac, Right ventricular
outflow tract obstruction in an older woman: facilitated diagnosis with
transesophageal echocardiography-guided biopsy, J. Am.  Soc. Echocardiogr.
13 (2000) 622–625.

21] K.L. Chan, J. Veinot, A. Leach, P. Bedard, S. Smith, J.F. Marquis, Diagnosis of left
atrial sarcoma by transvenous endocardial biopsy, Can. J. Cardiol. 17 (2001)
206–208.

22] D. Jurkovich, E. de Marchena, M.  Bilsker, C. Fierro-Renoy, D. Temple, H. Garcia,
Primary cardiac lymphoma diagnosed by percutaneous intracardiac biopsy
with combined fluoroscopic and transesophageal echocardiographic imaging,
Catheter. Cardiovasc. Interv. 50 (2000) 226–233.

23] S.M. Kang, S.J. Rim, H.J. Chang, et al., Primary cardiac lymphoma diagnosed by

transvenous biopsy under transesophageal echocardiographic guidance and
treated with systemic chemotherapy, Echocardiography 20 (2003) 101–103.

24] J.F. Malouf, R.C. Thompson, W.J. Maples, J.T. Wolfe, Diagnosis of right atrial
metastatic melanoma by transesophageal echocardiographic-guided
transvenous biopsy, Mayo Clin. Proc. 71 (1996) 1167–1170.

[

pen Access
his article is published Open Access at sciencedirect.com. It is distrib
ermits unrestricted non commercial use, distribution, and reproduct
redited.
PEN  ACCESS
rgery Case Reports 39 (2017) 324–327 327

25] O.L. Nelson, C.T. Robbins, Comparison of echocardiography-guided and
fluoroscopy-guided endomyocardial biopsy techniques, Vet. Radiol.
Ultrasound 46 (2005) 131–134.

26] Y. Oishi, M.  Okamoto, T. Sueda, et al., Cardiac tumor biopsy under the
guidance of intracardiac echocardiography, Jpn. Circ. J. 64 (2000) 638–640.

27] S. Salka, R. Siegel, K.B. Sagar, Transvenous biopsy of intracardiac tumor under
transesophageal echocardiographic guidance, Am.  Heart J. 125 (1993)
1782–1784.

28] M.T. Savoia, C. Liguori, T. Nahar, et al., Transesophageal
echocardiography-guided transvenous biopsy of a cardiac sarcoma, J. Am.  Soc.
Echocardiogr. 10 (1997) 752–755.

29] A.J.H.A. Scholte, P.H.J. Frissen, P.A. van der Wouw, Transesophageal
echocardiography-guided transvenous biopsy of an intracardiac tumor,
Echocardiography 21 (2004) 721–723.

30] M.E. Schwinger, E. Katz, H. Rotterdam, J. Slater, E.C. Weiss, I. Kronzon, Right
atrial papillary fibroelastoma: diagnosis by transthoracic and transesophageal
echocardiography and percutaneous transvenous biopsy, Am.  Heart J. 118
(1989) 1047–1050.

31] G.W. Stone, R.T. O’Kell, T.H. Good, G.O. Hartzler, Lipomatous hypertrophy of
the interatrial septum: diagnosis by percutaneous transvenous biopsy, Am.
Heart J. 119 (1990) 406–408.

32] P. Unger, A. Kentos, E. Cogan, M.  Renard, V. Crasset, E. Stoupel, Primary cardiac
lymphoma: diagnosis by transvenous biopsy under transesophageal
echocardiographic guidance, J. Am.  Soc. Echocardiogr. 11 (1998) 89–91.

33] P. Cluzel, F. Martinez, M.F. Bellin, et al., Transjugular versus percutaneous
renal biopsy for the diagnosis of parenchymal disease: comparison of
sampling effectiveness and complications, Radiology 215 (2000) 689–693.

34] G. Kalambokis, P. Manousou, S. Vibhakorn, et al., Transjugular liver
biopsy-indications, adequacy, quality of specimens, and complications–a
systematic review, J. Hepatol. 47 (2007) 284–294.

35] D. Didier, A. Racle, J.P. Etievent, F. Weill, Tumor thrombus of the inferior vena
cava  secondary to malignant abdominal neoplasms: US and CT evaluation,
Radiology 162 (1987) 83–89.

36] C. Cuevas, M.  Raske, W.H. Bush, et al., Imaging primary and secondary tumor
thrombus of the inferior vena cava: multi-detector computed tomography
and  magnetic resonance imaging, Curr. Probl. Diagn. Radiol. 35 (2006) 90–101.

37] J.J. Gagnier, G. Kienle, D.G. Altman, D. Moher, H. Sox, D. Riley, C.A.R.E. the
Group, The CARE guidelines: consensus-based clinical case reporting
guideline development, BMJ  Case Rep. (Oct 23) (2013), pii: bcr2013201554.

38] R.A. Agha, A.J. Fowler, A. Saetta, I. Barai, S. Rajmohan, D.P. Orgill, the SCARE
Group, The SCARE statement: consensus-based surgical case report
guidelines, Int. J. Surg. 34 (2016) 180–186.
uted under the IJSCR Supplemental terms and conditions, which
ion in any medium, provided the original authors and source are

http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0110
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0115
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0120
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0125
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0130
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0135
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0140
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0145
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0150
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0155
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0160
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0165
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0170
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0175
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0180
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0185
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://refhub.elsevier.com/S2210-2612(17)30449-2/sbref0190
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	Transjugular biopsy case report of inferior vena cava hepatocellular carcinoma with intracardiac extension
	1 Background
	2 Case presentation
	3 Discussion
	Conflict of interest
	Funding
	Ethical approval
	Consent
	Authors’ contribution
	Guarantor
	Availability of data and material
	Acknowledgement
	References


