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Goal. To analyze the results of surgical treatment patients with the third
ventricular pathology.

Objective. To improve methods of transchoroidal dissection. To make enough
space for surgery of the third ventricle by expanding the foramen of Monro.
To reduce the risk of surgical treatment in the pathology at the posterior
compartment of the third ventricle.

Materials and methods. The results of treatment of 27 patients with tumors
and colloid cysts to the third ventricle were analyzed. In all 27 patients endoscopic
frontal transcortical approach was perfomed. In 24 cases of them extended
anterior choroidal dessection was perfomed (transchoroidal and transforaminal
approach); in 3 cases — transcortical transforaminal approach (without choroidal
dissection). In all case there was fully endoscopic removal (100 %).

Results. Gross total resection was achieved in 14 cases, subtotal resection
— in 13 cases. Karnofsky Performance Scale in the postoperative period
demonstrated = 70 points in all patients. Complications occurred in 4 patients
(14.8%). No postoperative mortality was observed.

Conclusions. 1. Transcortical transforaminal approach can be used for the
pathology in the anterior compartment of the third ventricle. 2. Transcortical
transchoroidal approach can be perfomed for the pathology, which localized or
spread into the posterior part of the third ventricle. 3. Anterior transchoroidal
dissection can be combined with transforaminal approaches if the ventricular
hydrocephalus is not much expressed, foramen of Monro is not much
enlarged to complete transforaminal proccedure as well as when the tumor
spreads to the posterior compartment of the third ventricle. 4. The number
of complications related to the frontal transcortical transventricular approach
in our series is 14.8%, and they had transient nature and relapsed within a
month postop; no postoperative mortality.

Keywords: third ventricle tumors and colloid cysts; transforaminal approach,
transchoroidal approach
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MeTa: npoaHanisyBaTun pe3ynbTaTu XipypriyHoro NikyBaHHSA XBOpPUX 3
natosnorieto III wnyHouka.

3aBAaHHA AOCAIAXEHHSA: NoAiNWwuTM MeToaM AuceKuii XopoiaanbHOro
CrnjieTeHHA; CTBOPUTW AOCTATHbLO Micusa ANS XipypriyHoro BTpy4yaHHsS B
IIT wnyHO4YKy 3a paxXyHOK po3WMpeHHSA OTBOpPY MOHpPO; 3HU3UTU PU3UK
XipypriyHoro siikyBaHHs npu natosorii B 3a4Hix sigainax III wnyHouka.

MaTepianu i MeToam. MNpoaHanizoBaHo pe3ynbTaTu NiKyBaHHA 27 nauieHTIB
3 NyxXJAuHaMmm Ta KenoigHumun kictamm III wnyHouka. B ycix nauieHTiB
3aCcTOCOBaHO €HAO0CKOMiIYHUIA, DPOHTaNbHUIA | TPAHCKOPTUKANbHUI AOCTYM.
Y 24 Bunapkax i3 HMX NpoBeAeHO PO3WWMpeHUNn TpaHcdopaMiHanbHUNR
poctyn (TpaHcdopaMiHanbHUA AOCTYN Ta AMCeKUia nepeaHix Bigainis
X0poifaanbHOro cnneTeHHs), y 3 — TpaHcdhopaMiHanbHuit (6e3 aucekuii
X0pOoifanbHOro CnaeTeHHs). B ycix BuNnagkax BUKOHAHO NOBHICTHO €HAO0CKOMiYHe
BUAANEHHS.

Pe3ynbtatn. ToTanbHOro BUAaNEHHS NyXJWHW AOCATHYTO B 14 BuMnagkax,
cybTtoTanbHoro — y 13. B nicnsonepauiliHnin nepiog yci nauieHTn mann =70
6aniB 3a wkanoto KapHOBCbKOro. YckaaAHEHHS BUHUKAN Y 4 (14,8 %) nauieHTiB.
BunaakiB nicnsionepauiiHoi neTanbHOCTI He 6yno.
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BUCHOBKM. TpaHCKOpPTUKaNbHWUIN TpaHCcdOpaMiHanbHU A40CTyn Moxe 6yTu
BUKOPWCTaHWI Npu NaToNorii, po3tawoBaHin y nepeaHix siaginax III wnyHouka.
TpaHCKOpTMKaNbHUM TpaHCXOpOifanbHUM A0CTYyN Moxe 6yTn BUKOHAHWN
npu naTosiorii, ska NokanisyetbCcs abo MOWUPKETLCS B 3aAHi Bigainm III
WAYHOYKa, OAHaK iHTpaonepauinHWin puU3NK € BMCOKUM (MNOB'A3aHMI i3
OVCEKLIEI MK BHYTPILWHIMM LepebpanbHUMU BEHaMM), TOMY B TaKMX BUNagKax
MU pEKOMEHAYEMO BUKOPUCTOBYBATW pO3LWIMPEHUn TpachopaMiHanbHUMN
poctyn (TpaHcdopaMiHanbHUM AOCTYN Ta AUCEKLUIil0 nepeaHix Bigainie
X0poifAanbHOro cnneteHHs). Po3wwnpeHnii TpaHchopaMiHanbHMn AOCTYN
(TpaHcdopaMiHanbHUIA 4OCTYN Ta ANCEKLIS MepeaHix BigAiNniB XxopoiganbHOro
CNMIEeTEHHA) TaKoX Moxe 6yTn BMKOHaHWIM Mpu HeBMpaxeHin rigpouedanii
Ta He3b6inbweHoMy oTBOpPi MoHpo. YacToTa ycknagHeHb, MOB'A3aHUX 3
(dpPOHTaNbHUM, TPAaHCKOPTUKANbHUM, TPAHCBEHTPUKYNSPHUM AOCTYMNOM,
Yy Hawin cepii ctaHoBuna 14,8%, BOHW Manu TPaH3UTOPHUIM XapakTep Ta
perpecysanun npoTsarom 1 Mic.

KnrouoBi cnoBa: nyxsmHu 1a KenoigHi Kictv III WwiayHOYKa; po3LnpeHuni
TpaHc@opamiHaibHUU AOCTyr; AUCEKLISI NepeaHiX BigAiNiB xopoiaaibHOro
Cr/IEeTEHHS
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Llenb: npoaHanusmMpoBaTb pe3ynbTaThl XMPYpPruyeckoro nedyeHns 60nbHbIX C
natonoruei III xxenynouka.

3apaHua uccnefoBaHUA: YyUlNTb METOAbl AUCCEKLMN XOPOUAANbHOIO
CnjeTeHus; co3AaTh AOCTATOUYHO MECTa AN XMPYPrMyeckoro BMeLaTebCTea
B III Xenyaouke 3a CYET pacluMpeHuss OTBEPCTUS MOHPO; CHU3UTb PUCK
XUPYPruyecKkoro neveHns npuv natoniornm B 3aaHux otaenax Il xenyaouka.

MaTepuanbl n metoAabl. [lpoaHann3npoBaHbl pe3ynbTaTbl NeyeHns 27
nauneHToB C ONyX0NssMW U KenouaHbiMu kuctamum III xenypouka. Y Bcex
naumMeHTOB NPUMEHEH SHAOCKOMUYECKNI, PPOHTaNbHbIA, TPAHCKOPTUKANbHUI
noctyn. B 24 cnyyaax npoBeAeH pacluMpeHHbI TpaHCOopaMuHanbHbIN 4OCTYN
(TpaHcdhopaMuHanbHbIN AOCTYN U AUCCEKLMS NepeaHNX OTAEN0B XOPOUAanbHOro
cnneTteHus), B 3 — TpaHchOpaMUHanbHbIN (6€3 Anccekunm xopouaanbHOro
cnneTeHuns). Bo Bcex cnyyasix BbINOSIHEHO MOJIHOCTbIO 3HAOCKOMMYECKOe
yaaneHue.

PesynbTaTbl. TOoTanbHOE yAaneHWe ornyxoau AOCTUNHYTO B 14 cnydasx,
cybTtoTtansHoe — B 13. B nocneonepauuoHHbIA Nepnoa BCe NMauueHTbl uMenu
=70 6annos no wkane KapHoBckoro. OCnoxHeHns BO3HUKAN y 4 (14,8 %)
naumeHToB. Cny4yaeB nNocrieonepaumoHHON NeTanbHOCTN He 6bI1o.

BbiBOAbI. TpaHCKOPTUKaNbHbIN TpaHChOpPaMUHaANbHbIN AOCTYN MOXeT 6biTb
MCNONb30BaH NpuM NaToONOMMKU, PACrMoOSIOXEHHOW B nepeaHux otaenax III
xenyaoyka. TpaHCKOPTUKANbHbIN TpaHCXOpouAasbHbIA AOCTYN MOXET 6biTb
BbINOSIHEH MPX NATONOrMK, KOTOopas JIOKaAM3yeTCcsa WUAW pacnpoCTpaHaeTcs
B 3agHue otaensl III xenyaoyka, oAHaKoO MHTpaonepaumoOHHbIN pUCK
SABNISIETCSH BbICOKUM (CBSI3@HHbIA C ANCCEKUMEN BHYTPEHHUX LepebpanbHbiX
BEH), MO3TOMY B TaKMX C/AyyasX Mbl peKOMeHAYEeM WCMNO/b30BaTb
paclWnpeHHbIi TpachopaMnHanbHbIM AOCTYN (TpaHchopaMuUHanbHbIA AOCTYN
M ANCCEKUMIO NepefHNX OTAEN0B XOpoMAasbHOro CrnieTeHns). PaclumpeHHbIn
TpaHcdhopaMmHanbHbIM 4OCTYN (TpaHCPOpaMUHaNbHbIA AOCTYN U ANCCEKLUUSA
nepeaHnXx OTAEN0B XOPOMAAbHOMO CNIETEHNS) TaKXKe MOXET OblTb BbIMOSTHEH
NpW HEBbIPaXXeHHOW rnapouedannm U HeyBeMYEHHOM OTBEpPCTMN MOHpO.
YacToTa OC/IOXHEHWUI, CBA3aHHbLIX C PPOHTasNIbHbIM, TPAHCKOPTUKAbHbBIM,
TPaHCBEHTPUKYISIPHbIM AOCTYNOM, B Halweln cepun coctasuna 14,8%, oHu
MMeNu Npexoaslnin xapakTep 1 perpeccuposanm B TedeHune 1 mec.

KnroueBble cNnoBa: 011y xo/m n KesionaHble KUCTbI I1I xXennyno4Kka; paclumpeHHbii
TpaHCc@opaMmHabHbIA 4OCTY; ANCCEKLUMS NEPEAHUX OTAE/I0B XOPOUAATbLHOIo
criieTeHns
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Introduction

Intermediate transcallosal or transcortical
approaches are widely used to treat pathology of the
ventricular system. Each of these approaches has
advantages and certain features, which are still under
discussion [1, 2].

The incidence of hydrocephalus, tumor location
in the posterior third ventricle compartment, tumor
spreading to the pineal region, cerebral peduncles or
cerebral aqueduct, IV ventricle are the subjects related
to the choice of surgical approach [3-5]. Depending on
tumor location, its size and ventricular hydrocephalus,
transcortical transforaminal or transcortical
transchoroidal approach or their combination may
be used [6-8]. The combination of them — extended
transforaminal approach (transforaminal approach with
anterior choroidal dissection) makes it possible to reduce
postoperative complications, with adequate visualization
of the pathology and an acceptable angle of “attack”
upon the posterior third ventricle tumor.

The normal size of the foramen of Monro is just about
several millimeters and there are so many important
structures nearby, therefore, the operation around this
area is very difficult and challenging.

The third ventricle is a location difficult to get
approach. The region is deep seated and surrounded
by critical structures that are easily injured, leading to
potentially disastrous outcomes.

Goals. To analyze the results of surgical treatment
of patients with the third ventricular pathology.

Objective. To improve the methods of choroidal
dissection. To make enough space for surgery of the
third ventricle by expanding the foramen of Monro. To
reduce the risk of surgical treatment in the posterior
third ventricle pathology.

Materials and methods

There were analyzed the results of treatment of 27
patients with tumors and colloid cysts to the III ventricle
in the period of 2015-2018. Tumors of the anterior and
posterior third ventricle compartments (including 3 colloid
cysts of the third ventricle) were found in 6 patients;
tumors in the posterior part of the III ventricle — in
21 patients. Histological distribution was as following:
primary tumors of the III ventricle— pineocytoma in 2
patients. Invasive tumors: subependymoma — 6; central
neurocytoma — 2; astrocytoma — 9; glioblastoma — 4;
anaplastic oligoastrocytoma — 1. Colloid cysts to the
third ventricle were found in 3 patients. The average
size of tumors in the third ventricle was about 3.0 cm
(varying from 1.7 cm to 5.2 cm; 60 % of them were more
than 3.2 cm). All patients underwent preoperative CT and
MRI scanning of the brain, and CT scanning with contrast
postoperatively (at the first day). In total 64 CT and 34
MRI scanning of the brain, as well as one angiography
procedure were performed.

Surgery. The endoscopic frontal transcortical
approach was performed in all 27 patients: the extended
trasforaminal approach (transforaminal approach with
anterior choroidal dissection) — 24 cases; transforaminal
approach alone (without choroidal dissection) — in 3
cases. In all of them fully endoscopic removal (100 %)
was achieved.

Ukrainian Neurosurgical Journal. Vol. 25, N1, 2019

Results and discussion

Tumor located in the posterior third ventricle
compartment is always a challenge. A variety of surgical
approaches to the posterior third ventricle region exist.
The choice of approach depends on the exact location
of the lesion, the tumor consistency and size [12]. The
transchoroidal approach begins with the opening of
the taenia fornicis and the superior membrane of the
tela choroidea, and then dissecting the vascular layer
medially to the internal cerebral vein [8]. After the inferior
membrane of the tela choroidea and the choroid plexus
of the third ventricle have been opened in the midline,
the cavity of the third ventricle can be completely seen.
The extended transforaminal approach eliminates this
risk [11]. Then the posterior limit of the foramen of Monro
has been expanded through the choroidal fissure, without
sacrificing any neural or even vascular structures. Thus
additional space needed for surgery gained. The only
structure that restricts further expansion of the foramen
is the anterior septal vein, which can be sacrificed if
necessary. Besides choroidal dissection at the posterior
edge of the foramen of Monro at the very beginning of
the internal cerebral veins is not that risky when doing
transchoroidal exposure as internal cerebral veins diverge
of the foramen of Monro, thus giving some space to start
dissection between internal cerebral veins (which open
roof of third ventricle without any risk) [9].

The thalamostriate vein is the largest tributary of the
internal cerebral vein and is located in the striothalamic
sulcus between the caudate nucleus and the thalamus,
beneath the stria terminalis in the body of the lateral
ventricle [6]. The thalamostriate vein curves medially
around the anterior tubercle of the thalamus, where
it merges to the internal cerebral vein at the posterior
margin of the foramen of Monro. This characteristic
U-shaped junction of the thalamostriate vein and
internal cerebral vein adjacent to the posterior margin
of the foramen of Monro is referred to as the venous
angle. The injury of thalamostriate vein or the internal
cerebral vein may cause serious consequences including
hemiplegia, coma and even death [7]. The damage to
the anterior part of the floor of the third ventricle may
cause water-salt metabolism disorder symptoms. Lateral
to the foramen of Monro there is thalamus and the
internal capsule, the injury to which may lead to coma
or hemiplegia [10].

The point is that choroidal dissection is done at the
middle and posterior compartment of the roof of the third
ventricle (the internal cerebral veins are closest). Risk is
due to the not enough space to conduct this dissection [13,
14]. Anterior choroidal dissection proceeded to posterior
edge of the foramen of Monro would eliminate this risk as
internal cerebral veins diverge of the foramen of Monro
to the sides. Extended transforaminal approach provides
the opportunity to make a sufficient angle of attack to
the posterior part of the third ventricle. Conducting
anterior chroidal dissection, we expand the foramen of
Monro, which gives us the opportunity to obtain a better
visualization angle of the tumors of the posterior part and
the entirely third ventricle. This visualization is enough
to see internal cerebral veins, pineal recess, cerebral
aqueduct, posterior commissure.

Hydrocephalus is often concomitant with the third
ventricle tumors. In such cases, the enlargement of the
foramen of Monro was present in 14 patients. In our
series hydrocephalus occurred in 19 cases. In 6 cases it
was caused by obstruction at the level of foramen Monro,
in 13 cases it was caused by aqueduct tumor. Latter

This article contains some figures that are displayed in color online but in black and white in the print edition
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took place if the tumor is located at the posterior third
ventricle compartment. Not all of these 19 hydrocephalus
patients experienced the foramen of Monro expanded. It
took place only in 14 patients. The foramen of Monro was
expanded in 14 cases: 6 of them due to tumor blocking
and enlargement and in 8 patients the foramen of Monro
expanded spontaneously due to hydrocephalus.
Extended trasforaminal approach (transforaminal
approach with anterior choroidal dissection) was used
in cases when the foramen of Monro was not changed
in size (so we enlarged it, expanded it backwards). Also
extended trasforaminal approach was performed in
cases when the tumor was located in the posterior third
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ventricle compartment (in such way we are trying to gain
right angle of attack for the tumor visualization); the
third indication for the extended trasforaminal approach
was the significant size of the third ventricle tumor (we
used extended trasforaminal approach to gain better
visualization of anterior and posterior third ventricle
compartment).

Tumor location in the anterior or posterior third
ventricle compartment (with unchanged foramen of
Monro — Fig. 1) or when the tumor is sizeable, we
performed extended anterior choroidal dissection
(transchoroidal approach with anterior choroidal
dissection) (Fig. 2).

Fig. 1. Central neurocytoma

at the posterior third ventricle
compartment. Extended
trasforaminal approach
(transforaminal approach with
anterior choroidal dissection).
Total tumor removal.

A, B, C — preoperative images;
C — a narrow foramen of Monro;
D, E — postoperative images

Fig. 2. Extended trasforaminal approach
(transforaminal approach with anterior
choroidal dissection). A — anaplastic
oligoastrocytoma extension to the
posterior third ventricle compartment.

B — the foramen of Monro, initial
enlargement. C — foramen of Monro
enlarged to the size required. D — tumor
visualized in the third ventricle

http://theunj.org
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Radicality. Total removal was performed in 14
patients; subtotal removal — in 13. Radicality of tumor
removal depends on tumor density. If the tumor was
jelly-like, the removal was mostly total. In those cases
when the tumor was tough, it was not always possible to
perform radical removal (Fig. 3). Bleeding of the tumor
did not signify; since as the tumor had been removed,
the bleeding decreased spontaneously (Fig. 4). Another
important factor in the volume of tumor removal was
tumor adhesion to the surrounding structures (especially
with internal cerebral veins). The spread of the tumor
to the thalamus, the brain stem, and the aqueduct also
reduces the radicality of the removal.

http://theunj.org
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According to Karnofsky Performance Scale all patients
had = 70 points in the postoperative period. Four patients
(14.8%) experienced complications. Selective mutism
occurred in 4 cases (complete regression of speech
disorders in all patients from 5 to 20 days; two of these
patients experienced hemiparesis (complete regression
in 2 weeks). No cases of postoperative mortality.

Conclusions

1. Transcortical transforaminal approach can be used
for the pathology, which is located in the anterior part
of the third ventricle.

Fig. 3. Central neurocytoma in the
posterior third ventricle compartment.
Extended trasforaminal approach
(transforaminal approach with anterior
choroidal dissection). Total tumor
removal. A — preoperative images;

B — postoperative images

Fig. 4. Astrocytoma extension to the
posterior third ventricle compartment.
Extended trasforaminal approach
(transforaminal approach with anterior
choroidal dissection). Total tumor
removal. A, B — preoperative images;
C, D — postoperative images
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2. Transcortical transchoroidal approach can be
performed for the pathology, which is localized or spread
into the posterior third ventricle compartment, but
intraoperative risk is high (associated with dissection
between internal cerebral veins); so we recommend
the extended trasforaminal approach (transforaminal
approach with anterior choroidal dissection) in these
cases.

3. Extended trasforaminal approach (transforaminal
approach with anterior choroidal dissection) can be
performed in cases, when the ventricular hydrocephalus
is not much expressed, the foramen of Monro is not much
enlarged to complete transforaminal procedure.

4. The number of complications related to the frontal
transcortical transventricular approach in our series was
14.8 %, and they had transient character and regressed
within one month postop; no cases of postoperative
mortality.

Disclosure

Conflict of interest

The authors declare no conflict of interest.

Ethical approval

All procedures performed in studies involving
human participants were in accordance with the ethical
standards of the institutional and national research
committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

Informed consent

The written informed consent was obtained from
each patient or appropriate family member before the
surgery.

References

1. Kim MH. Transcortical Endoscopic Surgery for Intraventricular
Lesions. J Korean Neurosurg Soc. 2017 May;60(3):327-334.
doi: 10.3340/jkns.2017.0101.008. PubMed PMID: 28490160;
PubMed Central PMCID: PMC5426449.

2. Carr K, Zuckerman SL, Tomycz L, Pearson MM. Endoscopic
removal of an intraventricular primitive neuroectodermal
tumor: retrieval of a free-floating fragment using a urological
basket retriever. J Neurosurg Pediatr. 2013 Jul;12(1):25-9.
doi: 10.3171/2013.3.PEDS12392. PubMed PMID:23621838.

3. Milligan BD, Meyer FB. Morbidity of transcallosal and
transcortical approaches to lesions in and around the
lateral and third ventricles: a single-institution experience.
Neurosurgery. 2010 Dec;67(6):1483-96; discussion 1496.
doi: 10.1227/NEU.0b013e3181f7eb68. PubMed PMID:
21107179.

4. Ogiwara H, Morota N. Flexible endoscopy for management of
intraventricular brain tumors in patients with small ventricles.
J Neurosurg Pediatr. 2014 Nov;14(5):490-4. doi: 10.3171/20
14.7.PEDS13648. PubMed PMID: 25148214.

5. Souweidane MM. Endoscopic surgery for intraventricular brain
tumors in patients without hydrocephalus. Neurosurgery.
2005 Oct;57(4 Suppl):312-8; discussion 312-8. PubMed
PMID: 16234680.

6. Elwatidy SM, Albakr AA, Al Towim AA, Malik SH. Tumors of
the lateral and third ventricle: surgical management and
outcome analysis in 42 cases. Neurosciences(Riyadh). 2017
Oct;22(4):274-281. doi: 10.17712/nsj.2017.4.20170149.
PubMed PMID:29057852; PubMed Central PMCID:
PMC5946376.

7. Darkwah Oppong M, Miiller O, Jabbarli R, Dammann P, Sure
U, El Hindy N. Intraventricular mass lesions: Still a question
of surgical approach? J Clin Neurosci. 2017 Sep;43:157-162.
doi: 10.1016/j.jocn.2017.05.036. PubMed PMID: 28625588.

8. Iacoangeli M, di Somma LG, Di Rienzo A, Alvaro L, Nasi
D, Scerrati M. Combined endoscopic transforaminal-
transchoroidal approach for the treatment of third ventricle

17

colloid cysts. J Neurosurg. 2014 Jun;120(6):1471-6. doi:
10.3171/2014.1.IJNS131102. PubMed PMID: 24605835.

9. Apuzzo MLJ, Litofsky NS. Surgery in and around the

anterior third ventricle. In: Apuzzo MLJ, ed. Brain Surgery:
Complication Avoidance and Management. NewYork:
Churchill-Livingstone; 1993:541-579.

10. Ibafiez-Botella G, Dominguez M, Ros B, De Miguel L, Marquez
B, Arrdez MA. Endoscopic transchoroidal and transforaminal
approaches for resection of third ventricular colloid cysts.
Neurosurg Rev. 2014 Apr;37(2):227-34; discussion 234. doi:
10.1007/s10143-014-0529-7. PubMed PMID: 24526368.

11. Nasi D, Iaccarino C, Romano A. Anterior trans-frontal
endoscopic resection of third-ventricle colloid cyst: how I
do it. Acta Neurochir (Wien). 2017 Jun;159(6):1049-1052.
doi: 10.1007/s00701-017-3149-5. PubMed PMID: 28378097.

12. Lozier AP, Bruce JN. Surgical approaches to posterior third
ventriculartumors. Neurosurg Clin N Am. 2003 Oct;14(4):527-
45. PubMed PMID:15024799.

13. Cikla U, Swanson KI, Tumturk A, Keser N, Uluc K, Cohen-
Gadol A, Baskaya MK.Microsurgical resection of tumors
of the lateral and third ventricles: operative corridors for
difficult-to-reach lesions. J Neurooncol. 2016 Nov;130(2):331-
340. PubMed PMID: 27235145; PubMed Central PMCID:
PMC5090015.

14. Eboli P, Danielpour M. Acute obstructive hydrocephalus due
to a large posterior third ventricle choroid plexus cyst. Pediatr
Neurosurg. 2011;47(4):292-4. doi: 10.1159/000336046.
PubMed PMID: 22378105.

http://theunj.org



