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- ] Methods: Between February 1996 and June 2014, we performed 106 pulmonary thromboendarterec-
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tomies. Patient population, morbidity and mortality and the long-term results of this technique (survival,
functional improvement and resolution of pulmonary hypertension) are described.
Results: Subjects’ mean age was 53+14 years. A total of 89% were WHO functional class III-IV,
presurgery mean pulmonary pressure was 49+13 mmHg and mean pulmonary vascular resistance was
8314364 dynesscm. In-hospital mortality was 6.6%. The most important post-operative morbidity
was reperfusion pulmonary injury, in 20% of patients; this was an independent risk factor (P=.015) for
hospital mortality. With a 31-month median follow-up (interquartile range: 50), 3- and 5-year sur-
vival was 90% and 84% respectively. At 1 year, 91% were WHO functional class I-1I; mean pulmonary
pressure (27411 mmHg) and pulmonary vascular resistance (2754218 dynes scm~>) were significantly
lower (P<.05) than before the intervention. Although residual pulmonary hypertension was detected in
14 patients, their survival at 3 and 5 years was 91% and 73%, respectively.
Conclusions: Pulmonary thromboendarterectomy offers excellent results in chronic thromboembolic
pulmonary hypertension. Long-term survival is good, functional capacity improves, and pulmonary
hypertension is resolved in most patients.

© 2014 SEPAR. Published by Elsevier Espafia, S.L.U. All rights reserved.
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Tromboendarterectomia pulmonar en 106 pacientes con hipertension
pulmonar tromboembélica créonica

RESUMEN

Palabras clave: Introduccion: La tromboendarterectomia pulmonar es el tratamiento de eleccién en la hipertensién pul-
Hipertension Qulmonar monar tromboembédlica crénica. Presentamos nuestra serie completa con esta técnica.
Tromboembolismo pulmonar Meétodos: Desde febrero de 1996 hasta junio de 2014, hemos realizado 106 tromboendarterectomias.

Tromboendarterectomia pulmonar Analizamos las caracteristicas de la poblacién, la mortalidad y morbilidad asociadas a la técnica y los

resultados a largo plazo de supervivencia, mejoria funcional y resolucién de la hipertensién pulmonar.
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Resultados: La edad media de la poblacién fue 53 & 14 afios. El 89% estaba en clase funcional IlI-1V de
la OMS. La presién pulmonar media prequirdrgica fue 494+ 13 mmHg y las resistencias vasculares pul-
monares 831 =+ 364 dinasscm>. La mortalidad hospitalaria fue 6,6%. La morbilidad postoperatoria mas
relevante fue debida al edema pulmonar por reperfusién en el 20%, que fue factor de riesgo indepen-
diente (p=0,015) para mortalidad hospitalaria. Con una mediana de seguimiento de 31 meses (rango
intercuartil 50), la supervivencia a los 3 y 5 afios es 90 y 84%. Al afio de seguimiento, el 91% esta en clase
funcional I-1I de la OMS, la presién pulmonar media en 27 =11 mmHg y las resistencias pulmonares vas-
culares en 275 + 218 dinas s cm~> (significativamente menores (p < 0,05) que las basales). En 14 pacientes
se diagnosticé hipertension pulmonar persistente; aun asi, su supervivencia es, a los 3 y 5 afios, 91y 73%,
respectivamente.

Conclusiones: La tromboendarterectomia pulmonar ofrece resultados excelentes en el tratamiento de la
hipertensién pulmonar tromboembélica crénica. Proporciona una elevada supervivencia a largo plazo,

mejora la capacidad funcional y resuelve la hipertensién pulmonar en la mayoria de los pacientes.
© 2014 SEPAR. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) is
a rare entity, found in just 0.5%-9% of patients with pulmonary
embolism (PE).!'2 Various mechanisms behind the development
of CTEPH have been suggested: recurrent embolism,?> growth of
the thrombus in the bronchial tree* and vascular disease secondary
to endothelial injury.” Valvular disease, involving microvascu-
lar changes that are indistinguishable from idiopathic pulmonary
hypertension (PH), can occur in areas of the vascular tree
unaffected by PE. The treatment of choice for this disease,
wherever possible, consists of pulmonary thromboendarterec-
tomy (PTE) to remove obstructive material from the pulmonary
arteries.5~8

The intervention pursues three main goals: hemodynamic sta-
bility, by reducing the effect of PH on the right ventricle; respiratory
stability, improving ventilatory efficiency by relieving alveolar dead
space; and prophylaxis, by preventing right ventricle failure, retro-
grade propagation of thrombi in the bronchial tree, and secondary
valvular disease in permeable vessels.

We present the results of the first 106 PTEs performed in the
Hospital Universitario 12 de Octubre. We report the immediate
postoperative results in terms of mortality, morbidity and hemody-
namic parameters. We also analyze results of long-term follow-up
in terms of survival, functional capacity, hemodynamic parameters
and right ventricle remodeling.

Patients and Methods
Population

Indications for surgery were”1%: (a) CTEPH at WHO functional
class IlI-1V; (b) pulmonary vascular resistance (PVR) higher than
300dynasscm™> or below this level but with documented exer-
cise PH (c) surgically accessible thrombi or characteristic lesions
(webs, bands, intimal irregularities) in the main bronchial, lob-
ular and proximal segmental branches. The correlation between
PVR levels, perfusion defects in the ventilation/perfusion lung
scan, and pulmonary angiography findings was considered. As
a requirement for surgery, all patients had to have received
anticoagulation therapy for at least 3 months prior to the inter-
vention. The decision to operate was always taken in a meeting
of members of the Multidisciplinary Pulmonary Hypertension
Team.

Exclusion criteria were no surgical access and serious comor-
bidity (severe pulmonary disease, malignant neoplasm, etc.)

Implantation of an inferior vena cava filter was evaluated on a
case-by-case basis.

Diagnosis

The initial diagnostic protocol was the same as that used in
other PH etiologies, with ventilation/perfusion lung scan as the
screening technique for establishing the etiology of the CTEPH.!0-12
Pulmonary angiography with selective catheterization of lobular
branches was the gold standard for diagnosis and confirmation
of CTEPH'3-1°; right heart catheterization was performed at the
same time. All patients also underwent contrast-enhanced multi-
slice computed tomography.!6.17

Patients aged over 45 years or with risk factors for coronary
artery disease underwent coronary angiography.

Functional status was assessed objectively with the 6-min walk
test (6MWT) and ergospirometry with oxygen uptake. All patients
were also tested for thrombophilia.

Surgical Technique

PTE was performed in accordance with the University of
California (San Diego, USA) protocol.” '8 The two guiding principles
of the intervention were that it must involve a bilateral procedure,
and consist of a full endarterectomy, not merely an embolectomy.

Surgical approach was through median sternotomy, and the
PTE was performed with full cardiopulmonary bypass, aortic
cross-clamping and deep, 20 °C, hypothermia. Endarterectomy was
performed during 10-min periods of circulatory arrest, followed by
reperfusion lasting at least 5 min. A Hopkins II (Karl Storz, Tuttlin-
gen, Germany) angioscope connected to a Twinvideo (Karl Storz,
Tuttlingen, Germany) was used to optimize visibility and illuminate
the surgical field.

The biological material extracted during the PTE (Fig. 1) was
grouped according to histopathological prognostic value estab-
lished by the University of California group (San Diego, USA)'?: type
1, fresh thrombus in the main-lobar pulmonary arteries; type 2,
intimal thickening and fibrosis proximal to the segmental arteries,
with no thrombus; type 3, disease within distal segmental arteries
only; and type 4, distal arteriolar vascular disease.

Postoperative Period

We defined lung reperfusion injury as postoperative respiratory
failure causing hypoxia and accompanied by pulmonary infiltrates
on chest X-ray in some of the surgical areas, needing mechanical
ventilation lasting more than 96 h.

Follow-up
The follow-up protocol was first check-up at 1 month, with

physical examination, blood work and 6MWT; second check-up at 6
months, with physical examination, blood work, echocardiogram,
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Fig. 1. Biological material taken during pulmonary thromboendarterectomy.

ergospirometry with oxygen uptake, and right heart catheteriza-
tion. Following this, patients attended an annual check-up with
physical examination, echocardiogram and 6MWT. We defined
diagnosis of residual or persistent post-PTE pulmonary hyper-
tension as a PVP higher than 400dynasscm™> in the 6-month
hemodynamic study. Patients meeting this criterion underwent
contrast-enhanced multislice chest computed tomography.
All patients remained on long-term anticoagulant therapy.

Statistics

Continuous variables are shown as mean+standard deviation, or
median and interquartile range (IQR), and categorical variables are
shown as frequencies. Comparison between categorical variables
was analyzed with Pearson’s x2 or Fisher's exact test. Quantitative
variables were analyzed using the Student’s t or Mann-Whitney
U tests, depending on the results of Shapiro-Wilk normality test-
ing. The impact of the following variables on in-hospital mortality
was analyzed: specific bridging treatment, functional class IV,
PVR>1000dynasscm™> in preoperative catheterization, develop-
ment of reperfusion edema, and being among the first 30 patients
in this series to undergo surgery. All variables statistically corre-
lated with mortality were analyzed using logistic regression, and
univariate and multivariate analyses to calculate their relative risk
and 95% confidence interval (95% CI).

Survival curves were calculated using the Kaplan-Meier method
and compared using the log rank test.

Statistical significance was set at P<.05.

Results

We performed 106 consecutive PTEs between February 1996
and June 2014 in our hospital. The mean age of the population was
53414 years (range 23-77); 57% were men. The clinical and hemo-
dynamic characteristics of the patients are shown in Table 1. In
29 patients, PVR was higher than 1000 dynas s cm~>. Seven patients
(6.6%) had undergone previous heart surgery; 3 of these inter-
ventions were PTE (one of which was performed in our hospital).
Mean time between diagnosis of CTEPH and surgery was 5 months

(IQR 8).

Table 1
Preoperative Characteristics of the Sample.

Variable Population (n=106)
History of PE 83(78%)
History of DVP 41(39%)
Hypercoagulability 55(52%)
WHO functional status

1 12(11%)

11 80(76%)

v 14(13%)
Stroke 20(19%)
Hemoptysis 13(12%)
Six-minute walk test, meters 384+111
NT-proBNP 1199+1248
Heart failure 27(25%)
Patients with specific bridging therapy 63(59%)
Time from diagnosis to surgery, months 12421
Echocardiogram

RV diameter, mm 44+10

TAPSE 17+4

Pericardial effusion 11(10%)
Hemodynamics

RVP, mmHg 10+6

mPAP, mmHg 49+13

PVR, dynas s cm™> 831+364

€O, I/min 42+1

CO: cardiac output; DVP: deep vein thrombosis; mPAP: mean pulmonary artery
pressure; PE: pulmonary embolism; RV: right ventricle; RVP: right ventricular pres-
sure; PVR: pulmonary vascular resistance; TAPSE: tricuspid annular plane systolic
excursion.

Ninety-six (91%) of the PTEs were bilateral. Mean time with car-
diopulmonary bypass, ischemia and circulatory arrest was 205438,
116428 and 40+14 min, respectively. In 20 patients, PTE was com-
bined with another procedure: 7 tricuspid repairs, 7 myocardial
revascularizations, 5 permeable oval foramen closures, and 1 right
ventricle thrombectomy. Of the biological material extracted, 49%
was classified (under the San Diego system) as type 1, 42% as type
2, and 9% as type 3.

Median time on ventilation in the recovery room was 27 h
(IQR 92). The most relevant morbidity was lung reperfusion injury
in 21 patients (20%), pulmonary hemorrhage in 4 patients(4%),
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Fig. 2. Overall survival curve, including in-hospital mortality.

reintervention due to bleeding in 6 patients (6%), heart failure in
3 patients (3%), transient ischemic attack in 1 patient (1%), and
need for ECMO or ventricular assist device in 5 patients (5%). Indi-
cation for ECMO was heart failure in 2 patients, and respiratory
failure due to pulmonary hemorrhage in 3 patients. Mean ICU stay
was 5 days (IQR 7), and mean hospital stay was 13 days (IQR 9). In
the recovery room, mean PAP was 28+7 mmHg and mean PVR was
311+130dynasscm™>, significantly (P<.05) lower than preopera-
tive levels.

Overall in-hospital mortality for the series was 6.6% (7/106, 95%
Cl: 2.8%-13.5%). Causes of mortality were respiratory failure in 4
patients, pulmonary hemorrhage in 2 patients, and cardiogenic
shock in 1 patient.

In the univariate analysis, being among the first 30 cases
(P=.019), PVR>1000dynasscm~> (P=.019), functional class IV
(P=.006) and postoperative lung reperfusion injury (P=.003) were
associated with in-hospital mortality. Following multivariate anal-
ysis, only reperfusion lung injury remained as an independent risk
factor for in-hospital mortality (P=.015), (Table 2).

Mean follow-up was 31 months (IQR 50). Survival at 3 and 5
years was 90%+3% and 84%+5% respectively, including in-hospital
mortality (Fig. 2). Changes in clinical, echocardiographic and hemo-
dynamic parameters at 1-year follow-up are shown in Table 3.

In total, 6 patients died during follow-up. Causes of death were
heart failure (3 patients), infection (1 patient), adenocarcinoma
of the bladder (1 patient) and pulmonary thromboembolism (1
patient).

Fourteen patients were diagnosed with persistent PH follow-
ing PTE. At 1 year, 64% of these patients were classified as
functional class I-II. Nine (64%) patients required specific treat-
ment for PH: endothelin receptor antagonists, phosphodiesterase

Table 2
Risk Factors for In-hospital Mortality.
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Fig. 3. Survival curves in patients with and without residual pulmonary hyperten-
sion, excluding in-hospital mortality.

type 5 inhibitors, prostacyclin analogs or soluble guanylate cyclase
stimulators. Two patients died due to heart failure. Actuarial sur-
vival in the persistent PH group is 9149 at 3 years, and 73+11 at
5 years. Fig. 3 shows the survival curve for this patient group and
that of patients with no residual PH, after adjusting for in-hospital
mortality. There is no significant difference between groups. It is
interesting to note that despite persistence of PH, PVR was sig-
nificantly reduced compared to preoperative levels (9244245 vs,
6414269 dynasscm~>; P=.033).

Discussion

CTEPH is a rare disease, with only 8.9 cases per million inhabi-
tants in our region.2% Studies have shown that CTEPH is a long-term
complication of symptomatic PTE, with an accumulative incidence
of 0.1%-9.1% at 2 years."> However, in a significant number of
cases, PTE was asymptomatic.” This is why CTEPH is thought to
be under-diagnosed, and patients are all too often referred late
for treatment. Clinical guidelines'® and consensus documents'>
establish the need to form multidisciplinary teams of expert sur-
geons to treat CTEPH. Surgery should not be definitively ruled out
in any patient until they have been assessed by this team. In the
international register,2! up to 43% of the patients evaluated were
not considered candidates for surgery, and the same was true of
70% of patients in the Spanish register (REHAP).2° Our team has
performed surgery on 53%22 of cases submitted to the multidis-
ciplinary team meeting. In many patients, however, there was a
lengthy delay between diagnosis and surgery due to late referral,
and 13% of our patients were classified as functional class IV at the
time of surgery.

Risk factor In-hospital mortality (%)

Factor present

Univariate analysisRR (95% CI) Multivariate analysisRR (95% CI)

Yes No P
First 30 cases 17 3 .019 7.4 (1.3-41)
PVR>1000 dynasscm—> 17 3 .019 7.4 (1.3-41)
WHO functional class IV 29 3 .006 12 (2.3-61)
Reperfusion injury 24 2 .003 13(2.3-73) 17 (1.7-171)

CI: confidence interval; PVR: pulmonary vascular resistance; RR: relative risk.
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Table 3
Clinical, Echocardiographic and Hemodynamic Changes Over Preoperative Baseline at 1 Year of Follow-up.
Variable Preoperative Postoperative P
WHO functional class
-1 9(11%) 78(91%) <.001
-1v 76(89%) 7(8%)
Six-minute walk test, meters 382+117 469487 <.001
NT-pro-BNP 1266+1369 253+280 <.001
Patients with specific preoperative therapy 53(62%) 18(21%) <.001
Echocardiogram
RV diameter, mm 4549 3246 <.001
Hemodynamics
RVP, mmHg 946 7+4 .011
sPAP, mmHg 84422 43+19 <.001
dPAP, mmHg 2848 1748 <.001
mPAP, mmHg 48+12 27411 <.001
PVR, dynasscm™> 789+345 275+218 <.001
CO, I/min 43+1 53+14 <.001

CI: confidence interval; CO: cardiac output; dPAP: diastolic pulmonary artery pressure;
right ventricular pressure; sPAP: systolic pulmonary artery pressure; RV: right ventricle.

The results of our series are excellent, and are comparable to
the largest series reported in the literature.?'?> Qur success is due
to the expertise of our surgeons and the procedural protocol devel-
oped by the Multidisciplinary Pulmonary Hypertension Team of the
Hospital 12 de Octubre.

The PTE series presented in this study is the largest and most
consolidated cohort studied in Spain. In 2009, we published the
initial?* results of a series of 30 PTEs. These findings were sim-
ilar to those published by the Hospital Clinic de Barcelona?’ in
a series of 32 patients; in-hospital mortality was 17% and 18.8%,
respectively. Both studies found that surgical outcomes improved
as the multidisciplinary team acquired more experience. Greater
experience is also a factor in improved survival and a gradual
increase in the number of patients considered candidates for
surgery. In addition, surgical outcomes are better than those of
medical treatment. For all these reasons, PTE is the treatment of
choice in this disease, and is associated with good outcomes in our
hospital.

The accessibility of lesions varies according to the level of expe-
rience of the surgical team. In the most experienced teams, the
percentage of patients with segmental branch involvement (San
Diego group 3) increases over time, although this is not detrimen-
tal to outcomes.?6-28 Advances in surgical techniques now enable
surgeons to dissect and extract material at both the segmental and
subsegmental level.

Although the exact PVR or right ventricular dysfunction level
that would rule out surgery is unknown, surgical risk and
prognosis in the long-term worsen with higher PVR (above
1000dynas s cm—2).2%30 Although the risk of surgery is increased
in these patients, they can still benefit from the intervention.?®
We did not rule out surgery in any patient on the basis of high
PVR or severe ventricular dysfunction. In this study, PVR greater
than 1000 dynasscm™— was a risk factor for in-hospital mortality
in the univariate analysis, but not in the multivariate analysis, even
though it is a major risk factor for perfusion injury.

The standard surgical approach to PTE is based on the protocol
created by the San Diego group,* namely, endarterectomy in cir-
culatory arrest with deep hypothermia. This technique has proved
both safe and effective. In their most recent series,?’ with more
than 2700 cases, the group reported a mortality rate of 2.2% in
the last 500 patients operated. Although a number of studies have
described PTE without circulatory arrest, or at least, with contin-
uous cerebral perfusion,®'~34 these techniques did not improve
outcomes or diminish neurological complications. All studies in

mPAP: mean pulmonary artery pressure; PVR: pulmonary venous pressure; RVP:

this field have mentioned the difficulty involved in reaching dis-
tal branches in the absence of circulatory arrest. In our series, only
1 transient neurological complication occurred, and this was not
solely due to circulatory arrest.

Reperfusion injury is inherent to PTE. Incidence ranges from 5%
and 20% of all interventions,?> according to different series, and
it is a risk factor for in-hospital mortality. This was also found to
be true in our series. Manifestation of reperfusion injury varies
from mild hypoxia with insignificant radiological findings to severe
respiratory failure, similar to respiratory distress. For this reason,
it is important to establish a definition of reperfusion injury that
limits cases to a clinical entity with an impact on the patient’s
evolution.

Other series have described the need for extracorporeal mem-
brane oxygenation (ECMO) in heart failure secondary to PH or
postcardiotomy syndrome, and severe respiratory failure due to
pulmonary hemorrhage or edema.>>>® Berman et al.>® reported a
survival rate of 57% in these patients; in our series, it was 40%. These
patients would have died without this treatment, and for this rea-
son ECMO is a therapeutic step that should be available in all PTE
units.'®

Post-PTE survival in our series was excellent, and compara-
ble to that obtained in the most major studies.?> Moreover, in
most of our patients, functional class improved, pulmonary pres-
sure was normalized, and as a result, right ventricular remodeling
occurred.

Diagnosis of persistent PH is widely debated, both in terms
of its definition (mPAP>25, 30 or 35 mmHg; PVR>400, 450, 500
or 550dynasscm™),21:3037 and the right moment to establish
a diagnosis. Incidence varies from 6% to 31%, according to the
definition used. Our team decided to define persistent PH as
PVR>400 dynas s cm~>, because unlike mPAP, PVR has both a pre-
and postoperative prognostic value. As far as the timing of the diag-
nosis is concerned, in our series it was made during the 6-month
follow-up for two reasons: hemodynamic changes immediately fol-
lowing surgery will affect estimates of PVR, and the prevalence of
residual PH increases over follow-up>’ when the cause is distal
vascular disease.

Despite persistence of PH, this subgroup showed good sur-
vival rates and improved functional class, possibly because PVR
decreased significantly even in patients with PH. The findings
of other groups, such as Freed et al. in Papworth Hospital*®
(Cambridge) are largely consistent in terms of patients with resid-
ual PH.



M.J. Lopez Gude et al. / Arch Bronconeumol. 2015;51(10):502-508 507

Conclusions

Our study contributes further evidence that PTE is the treatment
of choice in CTEPH,'? and can be performed successfully in Spain.
This surgical intervention has a positive impact on disease progno-
sis and long-term survival. It also resolves pulmonary hypertension
and improves the functional status of most patients.

Limitations

This is a retrospective, observational study in the initial series
of a single hospital.

No information was available on the evolution of NO-pro-BNP
markers in patients operated prior to 2009.

One-year follow-up results were analyzed in the 85 patients that
reached this stage of the study. Of these, we obtained 76 catheter-
izations; the remaining 9 were patients that had been referred to
their local hospitals, and this information was not forwarded to our
group.

Authorship

Lépez Gude MJ and Cortina Romero JM collected data, per-
formed the statistical analysis, interpreted the results and drafted
the manuscript.

Pérez de la Sota E, Forteza Gil A and Centeno Rodriguez ] per-
formed the surgical procedures.

Eixeres A collected data.

Ruiz Cano M], Velazquez MT, G6émez Sanchez MA, Pérez Vela
JL, and Sanchez Nistal MA established diagnosis and treated the
patients in the clinical setting.

Escribano Subias P established diagnosis and treated the
patients in the clinical setting, interpreted the results and drafted
the manuscript.

All the authors have reviewed the manuscript.

Conflict of Interest

The authors declare they have no conflict of interest.

Acknowledgments

Our thanks to the staff of the Hospital Universitario 12 de
Octubre Multidisciplinary Pulmonary Hypertension Unit, the med-
ical and nursing staff of the Cardiology Intensive Care Unit, and the
medical and nursing staff of the Cardiac Surgery operating theater.

References

1. Pengo V, Lensing AW, Prins MH, Marchiore A, Davidson BL, Tiozzo F, et al. Inci-
dence of chronic thromboembolic pulmonary hypertension after pulmonary
embolism. N Engl ] Med. 2004;350:2257-64.

2. Lang IM. Chronic thromboembolic pulmonary hypertension not so rare after all.
N Engl ] Med. 2004;350:2236-8.

3. Mo M, Kaspelanski DP, Mitruka SN, Auger WR, Fedullo PF, Channick RN,
et al. Reoperative pulmonary thormboendarterectomy. Ann Thorac Surg.
1999;68:1770-7.

4. Bernard J, Yi ES. Pulmonary thromboendarterectomy: a clinicopathologic study
of 200 consecutive pulmonary thromboendarterectomy cases in one institution.
Hum Pathol. 2007;38:871-7.

5. Jamieson SW, Kapelanski DP. Pulmonary endarterectomy. Curr Probl Surg.
2000;37:165-252.

6. Dartevelle P, Fadel E, Mussot S, Chapelier A, Herve P, De Perrot M, et al.
Chronic thromboembolic pulmonary hypertension. Eur Respir J. 2004;23:
637-48.

7. Jamieson SW, Kapelanski DP, Sakakibara N, Manecke GR, Thistlethwaite PA,
Kerr KM, et al. Pulmonary endarterectomy: experience and lessons learned in
1500 cases. Ann Thorac Surg. 2003;76:1457-62.

8. Thistlethwaite PA, Madani M, Jamieson SW. Pulmonary thromboendarterec-
tomy surgery. Cardiol Clin. 2004;22:467-78.

9. Barbera JA, Escribano P, Morales P, Gémez MA, Oribe M, Martinez A, et al.
Estdndares asistenciales en hipertensién pulmonar. Documento de consenso
elaborado por la Sociedad Espafiola de Neumologia y Cirugia Toracica (SEPAR)
y la Sociedad Espafiola de Cardiologia (SEC). Arch Bronconeumol. 2008;44:
87-99.

10. Galie N, Hoeper MM, Humbert M, Torbicki A, Vachiery JL, BarberaJA, et al. Guide-
lines for the diagnosis and treatment of pulmonary hypertension. Eur Heart J.
2009;30:2493-537.

11. Mehta S, Helmersen D, Provencher S, Hirani N, Rubens FD, de Perrot M, et al.
Diagnostic evaluation and management of chronic thromboembolic pulmonary
hypertension: a clinical practice guideline. Can Respir J. 2010;17:301-34.

12. Wilkens H, Lang I, Behr J, Berghaus T, Grohe C, Guth S, et al. Chronic throm-
boembolic pulmonary hypertension (CTEPH): updated recommendations of the
Cologne Consensus Conference 2011. Int ] Cardiol. 2011;154:554-60.

13. Reichelt A, Hoeper MM, Galanski M, Keberle M. Chronic thromboembolic
pulmonary hypertension: evaluation with 64-detector row CT versus digital
subtraction angiography. Eur ] Radiol. 2009;71:49-54.

14. He ], Fang W, Lv B, He ]G, Xiong CM, Liu ZH, et al. Diagnosis of chronic
thromboembolic pulmonary hypertension: comparison of ventilation/perfusion
scanning and multidetector computed tomography pulmonary angiography
with pulmonary angiography. Nucl Med Commun. 2012;33:459-63.

15. Kim NH, Delcroix M, Jenkins DP, Channick R, Dartavell P, Jansa P, et al. Chronic
thromboembolic pulmonary hypertension. ] Am Coll Cardiol. 2013;62:D92-9.

16. Coulden R. State-of-the-art imaging techniques in chronic thromboembolic pul-
monary hypertension. Proc Am Thorac Soc. 2006;3:577-83.

17. Bailey CL, Channick RN, Auger WR, Fedullo PF, Kerr KM, Yung GL, et al. High prob-
ability perfusion lung scans in pulmonary venoocclusive disease. AmJ Respir Crit
Care Med. 2000;162:1974-8.

18. Madani MM, Jamieson SW. Technical advances of pulmonary endarterectomy
for chronic thromboembolic pulmonary hypertension. Semin Thorac Cardiovasc
Surg. 2006;18:243-9.

19. Thisthethwaite PA, Mo M, Madani MM, Deutsch SH, Branchard D, Kapelan-
ski DP, et al. Operative classification of thromboembolic disease determines
outcomes after pulmonary thromboendarterectomy. J Thorac Cardiovasc Surg.
2002;124:1203-11.

20. Escribano-Subias P, Blanco I, Lépez-Meseguer M, Lépez-Guarch CJ, Roman A,
Morales P, et al. Survival in pulmonary hypertension in Spain: insights from the
Spanish registry. Eur Respir J. 2012;40:596-603.

21. Mayer E, Jenkins D, Lindner J, DArmini A, Kloek J, Meyns B, et al. Surgical man-
agement and outcome of patients with chronic thromboembolic pulmonary
hypertension: results from an international prospective registry. ] Thorac Car-
diovasc Surg. 2011;141:702-10.

22. Diaz Antén B, del Pozo R, Lépez Gude M], Alonso Chaterina S, Veldzquez MT,
Ruiz Cano M]J, et al. Tratamiento quirdrgico versus médico en la hipertension
pulmonar tromboembdlica crénica: ¢Cudl es la mejor opcién terapettica? Rev
Esp Cardiol. 2014;67 Suppl. 1:887.

23. Rahnavardi M, Yan TD, Cao C, Vallely MP, Bannon PG, Wilson MK. Pulmonary
thromboendarterectomy for chronic thromboembolic pulmonary hypertension.
A systematic review. Ann Thorac Cardiovasc Surg. 2011;17:435-45.

24. BlazquezJA, Escribano P, Pérez E, Lopez MJ, Gémez MA, Cortina JM. Hipertension
pulmonar tromboembélica crénica: tratamiento mediante tromboendarterec-
tomia quirtrgica. Arch Bronconeumol. 2009;45:496-501.

25. Coronel ML, Chamorro N, Blanco I, Amado V, del Pozo R, Pomar ]L, et al.
Tratamiento médico y quirtrgico de la hipertensién pulmonar tromboembdlica
crénica: experiencia en un tnico centro. Arch Bronconeumol. 2014;50:521-7,
http://dx.doi.org/10.1016/j.arbres.2014.04.011.

26. Morsolini M, Nicolardi S, Milanesi E, Sarchi E, Mattiucci G, Klersy C, et al.
Evolving surgical techniques for pulmonary endarterectomy according to the
changing features of chronic thromboembolic pulmonary hypertension patients
during 17-year single-center experience. ] Thorac Cardiovasc Surg. 2012;144:
100-7.

27. Madani MM, Auger WR, Pretorius V, Sakakibara N, Kerr KM, Kim NH, et al. Pul-
monary endarterectomy: recent changes in a single institution’s experience of
more than 2700 patients. Ann Thorac Surg. 2012;94:97-103.

28. Madani M, Jamieson S, Pretorius V, Kim N, Kerr K, Fedullo P, et al. Sub-
segmental pulmonary endarterectomy: time for a new surgical classification.
PC Abstract in International CTEPH Conference 2014. ICA (International
CTEPH Association). Conference Program & Abstracts Book. 2014. p. 21-2.
[accessed 31-12-2014]. Available from http://www.cteph-association.org/wp-
content/uploads/2014/06/ICA-2014-programme-2014_05_16.pdf

29. Thistlethwaite PA, Kemp A, Du L, Madani MM, Jamieson SW. Outcomes of pul-
monary endarterectomy for treatment of extreme thromboembolic pulmonary
hypertension. ] Thorac Cardiovasc Surg. 2006;131:307-13.

30. Freed DH, Thomson BM, Berman M, Tsui SS, Dunning ], Sheares KK, et al. Sur-
vival after pulmonary thromboendarterectomy: effect of residual pulmonary
hypertension. ] Thorac Cardiovasc Surg. 2011;141:383-7.

31. Thomson B, Tsui SS, Dunning ], Goodwin A, Vuylsteke A, Latimer R, et al. Pul-
monary endarterectomy is possible and effective without the use of complete
circulatory arrest-the UK experience in over 150 patients. Eur | Cardiothorac
Surg. 2008;33:157-63.

32. Mikus PM, Dell’Amore A, Pastore S, Galié N. Pulmonary endarterectomy: is there
an alternative to profound hypothermia with cardiocirculatory arrest? Eur ]
Cardiothorac Surg. 2006;30:563-5.

33. Hagl C,Khaladj N, Peters T, Hoeper MM, Logemann F, Haverich A, et al. Technical
advances of pulmonary thromboendarterectomy for chronic thromboembolic
pulmonary hypertension. Eur ] Cardiothorac Surg. 2003;23:776-81.


http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0190
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0195
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0200
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0205
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0210
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0210
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0210
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0210
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0210
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0210
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0210
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0210
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0210
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0210
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0210
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0210
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0215
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0220
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0225
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0230
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0235
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0240
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0245
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0250
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0255
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0260
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0265
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0270
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0275
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0280
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0285
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0290
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0295
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0300
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0305
dx.doi.org/10.1016/j.arbres.2014.04.011
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0315
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0320
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0330
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0335
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0340
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0345
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0350

508 M.J. Lopez Gude et al. / Arch Bronconeumol. 2015;51(10):502-508

34. Vuylsteke A, Sharples L, Charman G, Kneeshaw J, Tsui S, Dunning J, et al. Circula- 36. Berman M, Tsui S, Vuylsteke A, Snell A, Colah S, Latimer R, et al. Successful
tory arrest versus cerebral perfusion during pulmonary endarterectomy surgery extracorporeal membrane oxygenation support after pulmonary thromboen-
(PEACOG): a randomised controlled trial. Lancet. 2011;378:1379-87. darterectomy. Ann Thorac Surg. 2008;86:1261-7.

35. Thristlethwaite PA, Madani MM, Kemp AD, Hartley M, Anger WR, Jamieson 37. Corsico AG, D’Armini AM, Cerveri I, Klersy C, Ansaldo E, Niniano R, et al. Long-
SW. Venovenous extracorporeal life support after pulmonary endarterectomy: term outcomes after pulmonary endarterectomy. Am J Respir Crit Care Med.

indications, techniques, and outcomes. Ann Thorac Surg. 2006;82:2139-46. 2008;178:419-24.


http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0355
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0360
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0365
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370
http://refhub.elsevier.com/S1579-2129(15)00151-2/sbref0370

	Pulmonary Thromboendarterectomy in 106 Patients With Chronic Thromboembolic Pulmonary Hypertension
	Introduction
	Patients and Methods
	Population
	Diagnosis
	Surgical Technique
	Postoperative Period
	Follow-up
	Statistics

	Results
	Discussion
	Conclusions
	Limitations
	Authorship
	Conflict of Interest
	Acknowledgments
	References


