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Abstract
Introduction:  Extragonadal germ cell tumors (EGCT) are relatively rare tumors with an incidence of 2–5%
among all germ cell tumors and commonly seen in males. They appear mostly in midline locations, com-
monly in the retroperitoneum, mediastinum and central nervous system but the origin of EGCTs remain
controversial.
Observation:  In this case report, we present a young male with prior history of right orchidectomy for unde-
scended testis, presented as retroperitoneal mass arising from the true pelvis. Imaging studies revealed a
large mass arising in the pre-sacral region within the pelvis. Fine Needle Aspiration Cytology and Immuno-
cytochemistry studies revealed Seminoma of classical type. The patient was treated with chemotherapy and
radiotherapy, presently no evidence of disease and on routine followup.
Conclusion:  This is a unique case because to the best of our knowledge, only a few cases have been reported
in the literature on EGCT (seminoma in present case) presenting as a pelvic mass. Seminoma in true pelvis
should be considered as a differential diagnosis when pelvic mass is detected, even in post orchidectomy
cases. Tumor markers, histology, and immunohistochemistry examinations are important in making an

accurate diagnosis and providing appropriate treatment.
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erm cell tumors (GCT) are common in young males and they

redominantly arise in the testis. Seminoma represents 50% of the
CTs in males. However, 2–5% of GCTs in males are extrago-
adal in origin and they commonly appear along the midline of the
runk [1]. The tumor can occur anywhere from the pineal gland
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Figure  1  Contrast-Enhanced Computed Tomogram (CECT) sagitt
internal calcifications in the pre-sacral region abutting the sacrum.

to the coccyx and the most common location being the retroperi-
toneum, followed by the mediastinum [2,3]. In this case report, we
present a 35-year adult male diagnosed to have primary extragonadal
seminoma arising from the true pelvis.

Case  report

A 36-year old male, belongs to Caucasoid (Indo-Aryan) admix-
ture race, presented with insidious onset low backache and pain
during defecation. The symptoms were gradually progressive over
six months. There was no history of upper abdominal pain, fever,
jaundice, blood in stool or urinary symptoms. Patient gave the his-
tory of surgery for undescended testes on both sides and right side
orchidectomy when he was five years old, however, no reports of
the same were available. Physical examination revealed a well nour-
ished young male whose chest and abdominal examinations were
normal. The right testis was absent. The left spermatic cord and
testis were normal on clinical examination. Incisional scars were
present on both sides of groin, representative of the surgery done
during his childhood.

Ultrasonogram (USG) revealed the absence of right testis. Left testis,
kidneys, spleen and liver were normal. Laboratory studies revealed
normal tumor marker levels �-fetoprotein (AFP: 1.51IU/ml),
�-human chorionic gonadotropin (�-HCG: <0.5 ng/ml), lactate
dehydrogenase (LDH:242U/L), carcino embryonic antigen (CEA:
2.8 ng/ml), normal blood cell counts and biochemistry profile.
The chest X-ray and contrast enhanced computed tomography

(CECT) chest were normal. CECT abdomen and pelvis showed
a well marginated soft tissue mass measuring 7.3 ×  7 x 6 cm in
the pre-sacral region abutting the sacrum and sigmoid colon, with
mild homogenous contrast enhancement and internal calcifications.

o
t
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tion: showing homogenous contrast-enhanced soft tissue mass with

here was no definite bony erosion. Similar findings were also
onfirmed with magnetic resonance imaging (MRI) lumbo-sacral
pine. There was no mesenteric and retroperitoneal lymphadenopa-
hy. (Fig. 1) Colonoscopy revealed extrinsic compression at 20 cm
rom the anal verge, however, there was no mucosal abnormality.

ytological examination of the specimen obtained by USG guided
NAC (fine needle aspiration cytology) showed clusters of tumor
ells, which were mild to moderately pleomorphic with coarse
hromatin, prominent nucleoli and scant to moderate amount of vac-
olated cytoplasm. On immunocytochemistry, the tumor cells were
trongly positive for PLAP and negative for LCA, CD30 and pan
K. OCT4 and SALL4 immunostains are also negative. Thus overall

eatures were of GCT, consistent with seminoma (Figs. 2 and 3).

he final diagnosis of primary retroperitoneal extragonadal semi-
oma arising from the true pelvis was made. We started the
atient on systemic chemotherapy with BEP regimen (Bleomycin
0 IU on day1, Etoposide 100 mg/m2 on days1–5 and Cisplatin
0 mg/m2 on days1-5) with three weekly cycles. After four cycles
f chemotherapy, the disease status was assessed with CECT
bdomen and pelvis. It showed an ill-defined heterogeneous soft
issue mass lesion measuring 3 ×  2.1 cm in the pre-sacral region at
he S1–S2 level, suggestive of significant clinical response with a
mall residual tumor. Then patient received radical radiation therapy
36 Gy/20 fractions/4 weeks) by 3-dimensional conformal radio-
herapy (3DCRT) technique. There was no evidence of residual
isease on the follow-up imaging studies. Now patient is alive after

ne year post treatment, without signs of local recurrence and metas-
asis. Informed consent was obtained from the patient for reporting
urpose.
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Figure  2  (a) Smear showing scattered large atypical cells admixed with lymphocytes (May-Grünwald Giemsa, 100×). (b) Smear showing
large atypical cells with round nuclei, coarse chromatin and prominent nucleoli with naked atypical cells and lymphocytes in the background
(May-Grünwald Giemsa, 400×). (c) Smear showing cluster of similar atypical cells (Hematoxylin and eosin, 400×). (d) Atypical cells showing
cytoplasmic positivity for PLAP (ICC on cell block for PLAP, 100×, arrows pointing the positive atypical cells).
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Figure  3  (a,b) Atypical cells are negative for SALL4 

iscussion
esticular cancers are the most frequent solid neoplasms in young
ales aged 20–35 years [4,5]. The incidence of testicular cancers is

reater in cryptorchidic testicles and patients with personal history

t
t
i

CT4 (ICC on cell block for SALL4 and OCT4, 400X).

f a tumor in contralateral testis. Trauma, gonadal dysgenesis, and
esticular atrophy have been proposed as other etiological factors for

esticular tumors [6]. In general population, the incidence of cryp-
orchidism is around 2%. Undescended testicles are most palpable
n the inguinal canal or remain in the abdomen [7]. Abdominal tes-
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ticles have a greater chance of developing cancer because of higher
temperature. Winter C and Albers P [8] found that 30% of abdom-
inal testicles have a chance of turning malignant and 90% of those
tumors were reported to be pure seminomas [9,10]. Orchidopexy
does not eliminate the cancer risk but early orchidopexy allows
early diagnosis and treatment because of testicle being accessible
for clinical examination. Two cases of extragonadal primary GCT
(immature teratoma and seminoma) in the pelvis have been reported
in the literature [11,12]. We have reported one such rare case in this
article.

The exact origin of extragonadal GCTs (EGCT) is not known, but
there are several hypotheses relating to EGCTs histogenesis. They
can arise from germ cell migration along the urogenital ridge dur-
ing embryonal development [13], or due to physiological disruption
of germ cells in the development of regulatory functions and the
delivery of genetic information to somatic sites [14]. Another the-
ory put forward is the theory of ‘burned out testicular primary’.
This theory states that germ cell tumors arising in the testis have
vanished after metastasizing to retroperitoneum and mediastinum
[15]. Other reported rare sites are an orbit, palate, supra-sellar area,
thyroid, submandibular region, liver, stomach, anterior abdominal
wall, vagina, pelvis, and prostate [16]. Prognosis of these patients
depends on the histology and the initial tumor stage.

Standard treatment for EGCTs remains controversial because of
the rarity of the disease. Serum tumor markers can guide towards
the diagnosis and treatment sequence during the management of
EGCTs. Chemotherapy followed by surgery for removal of the
residual disease is indicated in cases presenting with elevated tumor
markers. Chemotherapy followed by radiation therapy is an option
for remaining cases with normal limits of tumor markers. How-
ever systemic chemotherapy remains the nodal treatment for EGCTs
[17,18]. Our patient received four cycles of chemotherapy followed
by External beam Radiotherapy to the residual disease.

Conclusion

Primary seminoma in the true pelvis is a rare condition but should be
considered in the differential diagnosis when pelvic or abdominal
retroperitoneal mass is detected, even in post orchidectomy cases.
This is due to the present day practice of orchidopexy in childhood
and orchidectomy in the post-adolescent age. Thorough testicular
examination, tumor markers, and ultrasonography are mandatory
in all retroperitoneal tumors. Histology and immunohistochemistry
examinations are important in making an accurate diagnosis and
providing appropriate treatment. Multimodality treatment (surgery,
chemotherapy and radiation therapy) is recommended depending on
histopathological features. Most of the patients can be cured if they
diagnosed prior to visceral metastatic dissemination.

Conflict  of  interests

None.
Consent  from  the  patient

Obtained.

[

[

285

uthors’  contributions

ll the authors critically reviewed the manuscript for its content,
ontributed to the interpretation and presentation of the review, and
pproved the final version of the same before submission.

pecific contributions by the authors individually has been high-
ighted below:

. Dr. Chinnababu Dracham — Constructed the idea for case report;
Prepared the manuscript, organised and supervised the course of
the article.

. Dr. Arun Elangovan — Responsible for the patient’s manage-
ment, follow up.

. Dr. Renu Madan — Critically reviewed the article before submis-
sion not only for spelling and grammar but also for its intellectual
content.

. Dr. Nalini Gupta — Provided the tissue diagnosis, performed
the immunocytochemistry for its confirmation and delivered the
images regarding the same.

ource  of  funding

one.

eferences

[1] Collins DH, Pugh RC. Classification and frequency of testicular cancer.
Br J Urol 1964;36(Suppl 1):1–11.

[2] Lane RH, Stephens DH, Reiman HM. Primary retroperitoneal neo-
plasms: CT findings in 90 cases with clinical and pathological
correlation. Am J Roentgenol 1989;152(1):83–9.

[3] Egund N, Ekelund L, Sako M, Persson B. CT of soft-tissue tumors. Am
J Roentgenol 1981;137(4):725–9.

[4] Jemal A, Siegel R, Ward E, Murray T, Xu J, Thun MJ. Cancer statistics.
Cancer J Clin 2007;57:43–66.

[5] Taskinen S, Fagerholm R, Aronniemi J, Rintala R, Taskinen M. Tes-
ticular tumors in children and adolescents. J Pediatr Urol 2008;4:
134–7.

[6] Abratt RP, Reddi VB, Sarembock LA. Testicular cancer and cryp-
torchidism. Br J Urol 1992;70:656–9.

[7] Kulkarni JN, Kamat MR. Tumors in undescended testis. J SurgOncol
1991;46:257–60.

[8] Winter C, Albers P. Testicular germ cell tumors: pathogenesis, diagno-
sis, and treatment. Nat Rev Endocrinol 2011;7:43–53.

[9] Cortes D, Thorup JM, Lenz K, Beck BL, Nielsen OH. Laparoscopy
in 100 consecutive patients with 128 impalpable testes. Br J Urol
1995;75:281–7.

10] Marulaiah M, Gilhotra A, Moore L, Boucaut H, Goh DW. Testicular
and paratesticular pathology in children: a 12-year histopathological
review. World J Surg 2010;34:969–74.

11] Tanaka T, Kitamura H, Masumori N, Tsukamoto T, Kimura M.
Retroperitoneal extragonadal germ cell tumor presenting as a
bulky pelvic mass of the obturator fossa. Int J Urol 2006;13:
180–2.

12] Kuno T, Shinohara T, Kasahara K, Matsuoka A, Komatsu Y, Naruse
K, Watanabe H. Extragonadal seminoma presenting as a large mass in
the pelvic cavity without c-kit-activating mutations. Jpn J Clin Oncol
2012;42(7):650–3.
13] Gonzalez-Crussi F. The human yolk sac and yolk sac (endodermal
sinus) tumors. Perspect Pediatr Pathol 1979;5:179–215.

14] Friedman NB. The function of the primordial germ cell in extragonadal
tissues. Int J Androl 1987;0:43–9.

http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0005
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0010
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0015
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0020
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0025
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0030
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0035
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0040
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0045
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0050
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0055
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0060
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0065
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070
http://refhub.elsevier.com/S1110-5704(18)30121-8/sbref0070


2

[

[

[

86 

15] Scholz M, Zehender M, Thalman GN, Borner M, Thöni H, Studer UE.
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