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KimHanyeckue CHHAPOMBI CIABJIEHHOIO M XUPYPrU4eCKH nepece4eHHoro

cre0as runogusza

© A M. ActadpbeBa*, b.A. Kaaawes, IN.A. KaanmnuH, M.A. KytunH, N.C. Kaoukosa, A.B. ®omunyes,
O.N. Wapunos, A.H. AHapeeB

OI'AY «HaunMoHaAbHbI MEAMLIMHCKMIA MCCAEAOBATEAbCKMI LIEHTP HepoxXmMpyprim um. akaa. H.H. bypaenko» MuHsapasa Poccun, Mocksa,
Poccus

Oo6ocHoBaHmne. Ctebenb (Hoxka) runocusa (CI) — aHaTomMueckoe 06pa3oBaHue, COCTOsILEE U3 CUCTEMBI MOPTAAbHBIX COCYAOB
1 aKCOHOB fiAEP MMMNoTaAaMyCa, 3aKaH4YMBAIOWMXCA B 3aAHeR AOAM rMnodusa. M3BeCTHO, 4TO XMPypruyeckoe NoBpexAeHMe AK
caaBaeHne CIT oryxOAbIO MAM APYFMM OObEMHbBIM MPOLECCOM MOXET MPUBOAUTbL K TMMONUTYUTapu3My, HecaxapHOMy Amnabety,
runepnpoAaktuHemmnn. OAHaKO B AUTepaType NPaKTUHeCKM HEeT MCCAEAOBAHWI O CTEMEHWU 3TUX HapyWeHWA B 3aBUCMMOCTU OT
nospexaeHnst nan komnpeccumn CI B KAMHUYECKON NpaKTuKe.

LleAb uccaea0BaHMA — M3yyeHUE AO- M MOCAEONEPALIMOHHBIX SHAOKPUHHbIX HAPYWeHWA Y BOAbHBIX C OMYXOASMMU XMa3MaAbHO-
cennsipHoi obaact (XCO) co CAABAEHHBIM M COXPAHEHHBIM MAW BbIHY)XAEHHO MepeceyYeHHbIM BO BPEMSI HEMPOXMPYPriecKon
onepaumn Cr.

Martepuar u meTtoabl. Y 82 naumeHTOB cAaBAeHHbIN A0 onepaumn CI 6bia coxpaHeH (41 BOAbHOM C rOPMOHAABHO-HEaKTUBHOM
AAEHOMOW 3HAOCYMPACEAASIPHON AOKaAM3aUMK U 41 BOABHON C CynpaceArsipHOM MEHMHITMOMON), a y 57 nauueHTOB BO Bpemst
TpaHckpaHuaabHoi onepaumn CI 6biA nepeceveH (46 6OAbHBIX CO CTebeAbHOM KpaHMoapuHIMomoi, 11 — ¢ ropMoHaAbHO-He-
AKTMBHOW 3HAOCYMpPaCEASPHOM aAeHOMOW rUnodusa). Ao 1 uepes 6 Mec NOCAe OrnepaLmnu y BCceX BOAbHbIX ONPEAEASIAM YPOBEHb
npoaaktuHa (MPA), TTI, AT, ®CT, cB.T4, KOPTM30AQ, TECTOCTEPOHA MAM ICTPAAMOAA.

Pesyabtatbl. Y 37,4% naumentos c onyxoasmun XCO, caasanBaowmmm Cl, BoisBA@HA runeprnpoAakTMHEMMS. YCTpPaHeHne CAaB-
Aennsa CI npuBoanAo K Hopmaam3aumm ypoBHS [TPA y 60AbIIMHCTBA BOAbHBIX M HE COMPOBOXAAAOCh HapacTaHMeM CMMMNTOMOB
runonuTymtapusma. Npu nepecevernn CI'y 100% naumeHTOB pa3BUACS MAHTUMAONUTYMTapu3Mm, Y 93% — HecaxapHblii Anaber.
[Mpun 3ToM y 58,7% 60AbHBIX € KpaHnopapuHrmomamm n 81,9% ¢ ropMOHaAbHO-HEAKTUBHbIMM aAEHOMaMM rMnomr3a He oTMeve-
HO MOSIBAEHMS! TUMNEPNPOAAKTUHEMUM.

3akAloueHue. YuuTbiBas pasanume B CUMMNTOMATUKE, Mbl BBIAGAUAM ABA CMHAPOMA — CUHAPOM caaBAeHmnst CI M cuHApom nepe-
cevennst CI'. Cunapom caaBaernsi CI onyxonbio XCO XapaKkTepr30BaACst MPEUMYLLECTBEHHO rMMNeprnpoAakTUHeMued (37,4% cay-
yaeB); ycTpaHeHue caaBAeHust CI Mpu yAaneHUM OMYXOAU MPUBOAMAO K HOpMaAm3aumu ypoBHst MPA y 60AbIIMHCTBA GOAbHBIX 1
He COMPOBOXAAAOCh HapacTaHWemM CMMMTOMOB runonuTyuTapuama. CuHApom xupyprudeckoro nepecedenus CIy nauveHTos
¢ kpaHuoapuHrimomon (K®) n HeakTMBHOW aseHoMon runodusa (HAT) nposBASACS NaHTMNONUTYUTAPU3MOM Y BCEX DBOAbHbIX
1 MOCTOAHHOM (POPMOW HecaxapHOro amabera y BOAbWMHCTBA M3 HUX. [1PUUMHBI OTCYTCTBUA TMNEPNPOAAKTUHEMMUN Y MHOTUX
naumeHToB c nepecedernem CI TpebytoT n3yuerus. Heab3si MCKAIOUMTb Kak MILEMMIO aaeHorunodusa (B pesyAbTaTe HapylleHus
€ro KPOBOCHAOXEHUs!) C YaCTMUHOWM MAM MOAHOW aTPO(UEN AAKTOTPOMHBIX KAETOK, TaK U peBacKyAsipM3aLmio runocusa ¢ Boc-
CTaHOBAEHMEM TpaHcrnopTa AobammHa.

KaloueBble croBa: nponakTuH, cTebeb (HOXXKa) runogusa, komnpeccus cTebas runogmsa, Xmpyprudeckoe nepecedeHme ctebsi
runogusa, HecaxapHbii Anaber.

Clinical syndromes of compression and surgical transection of the pituitary stalk
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Background. The pituitary stalk (PS) is an anatomical structure consisting of the portal vessel system and axons of the hypothalamic
nuclei terminating in the posterior pituitary lobe. Surgical injury or compression (by a tumor or another space-occupying process)
of the PS can lead to hypopituitarism, diabetes insipidus, and hyperprolactinemia. However, the literature lacks studies on the
extent of these disorders depending on PS injury or compression in clinical practice.

Aim. The study aim was to investigate pre- and postoperative endocrine disorders in patients with chiasmo-sellar region (CSR)
tumors and the PS compressed and preserved or involuntarily transected during neurosurgery.

Material and methods. The PS compressed before surgery was preserved in 82 patients (41 patients with non-functioning endo-
suprasellar adenoma and 41 — with suprasellar meningioma). The PS was transected during transcranial surgery in 57 patients
(46 patients with pituitary stalk craniopharyngioma and 11 patients with non-functioning endosupresellar pituitary adenoma). All
patients underwent blood tests for prolactin (PRL), TSH, LH, FSH, free T4, cortisol, testosterone, or estradiol levels before and 6
months after surgery.

Results. Hyperprolactinemia was detected in 37.4% of patients with CSR tumors compressing the PS. Elimination of PS compres-
sion led to normalization of the PRL level in most patients and was not accompanied by worsening of hypopituitarism symptoms.
Transection of the PS resulted in panhypopituitarism in 100% of patients and diabetes insipidus in 93% of cases. There was no
evidence of hyperprolactinemia in 58.7% of patients with craniopharyngiomas and 81.9% of patients with non-functioning pitu-
itary adenomas.

Conclusion. Given the difference in symptoms, we distinguished two syndromes: PS compression syndrome and PS transection
syndrome. Syndrome of PS compression by a CSR tumor was characterized mainly by hyperprolactinemia (37.4% of cases); elimi-
nation of PS compression due to tumor resection led to normalization of the PRL level in most patients and was not accompanied
by worsening of hypopituitarism symptoms. Syndrome of surgical PS transection in patients with craniopharyngioma (CP) and
non-functioning pituitary adenoma (NFPA) manifested as panhypopituitarism in all patients and as permanent diabetes insipidus
in most of them. The causes for the absence of hyperprolactinemia in many patients with the transected PS require further re-
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search. We can not exclude both adenohypophysis ischemia (due to its impaired blood supply) with partial or complete atrophy
of lactotrophic cells and pituitary revascularization with restoration of dopamine transport.

Keywords: prolactin, pituitary stalk, pituitary stalk compression, surgical transection of pituitary stalk, diabetes insipidus.

ABBREVIATIONS

PS — pituitary stalk

CP — craniopharyngioma

NFPA — non-functioning pituitary adenoma
DI — diabetes insipidus

PRL — prolactin

GH — growth hormone

LH — luteinizing hormone

FSH — follicle-stimulating hormone

FT4 — free thyroxine

ACTH — adrenocorticotropic hormone
ADH — antidiuretic hormone

CSR — chiasm-sellar region

PSIS — pituitary stalk interruption syndrome

INTRODUCTION

The term “the pituitary stalk interruption syndrome”
used in literature can refer to several different conditions:
pituitary stalk (PS) compression with a suprasellar tumor
(pituitary macroadenoma, meningioma, craniopharyn-
gioma, or any other space-occupying process); neurosur-
gical transection of the pituitary stalk; pituitary stalk rup-
ture as a result of neurotrauma; and pituitary stalk agen-
esis during embryogenesis (a congenital syndrome).

The clinical presentation involves hyperprolac-
tinemia, diabetes insipidus (DI), and deficiency of pitu-
itary tropic hormones because of disturbed hypothalamic
control (hypogonadism, hypothyroidism, hypocorti-
cism, and growth hormone deficiency).

Although the same term is used for all these conditions,
their pathogenesis, clinical symptoms, and prognosis differ
significantly. We have conducted a comparative study of en-
docrine disorders in patients with pituitary stalk compres-
sion by a tumor or neurosurgical pituitary stalk transection.

OBJECTIVE

This study was aimed at investigating pre- and post-
operative endocrine disorders in patients with tumors in
the chiasm-sellar region (CSR), with the pituitary stalk
compressed and preserved or deliberately transected dur-
ing neurosurgery.

METHODS

Study design

The study involved 139 patients with tumors in the chi-
asm-sellar region, who had undergone tumor resection,
with pituitary stalk either transected or preserved, at the

N.N. Burdenko National Research and Practical Center for
Neurosurgery during the period between 2000 and 2016.

PRL, TSH, LH, FSH, FT4, cortisol, testosterone or
estradiol levels were measured prior to surgery and 6
months after it.

Inclusion criteria

Age >18 years

Tumor in the chiasm-sellar region causing pituitary
stalk compression (pituitary adenoma, craniopharyngio-
ma, or meningioma)

The patient underwent neurosurgical resection of tu-
mor in the chiasm-sellar region, with the pituitary stalk
either transected or preserved.

Study center

The study was carried out at the N.N. Burdenko Na-
tional Research and Practical Center for Neurosurgery,
Ministry of Healthcare of the Russian Federation (De-
partment of Skull Base Tumors specializing in surgical
treatment of tumors in the chiasm-sellar region).

Study duration

The patients were examined preoperatively and 6
months after neurosurgical treatment.

Medical intervention

The neurosurgeries were performed through the
transcranial microsurgical or endoscopic transsphenoi-
dal approaches.

Upon transcranial resection of a pituitary stalk cra-
niopharyngioma or endosuprasellar pituitary adenoma,
the pituitary stalk was transected in order to perform rad-
ical resection of the suprasellar portion of the capsule in-
filtrated by the tumor.

Upon the endoscopic transsphenoidal approach, in-
tracapsular resection of pituitary adenomas without pitu-
itary stalk transection was carried out.

Transcranial microsurgical resection of suprasellar me-
ningiomas was conducted without pituitary stalk transection

The patients with secondary postoperative hypocor-
ticism, hypothyroidism, and hypogonadism were treated
with glucocorticoids, thyroid hormones, and sex hor-
mones, respectively. Patients with diabetes insipidus were
treated with desmopressin. Cabergoline therapy was used
to correct hyperprolactinemia.

Primary outcome of the study

The function of the pituitary gland was assessed ac-
cording to the results of hormone blood test and param-
eters of water-electrolyte metabolism.
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Group |

Group 11

Group I11

Fig. 1. Tumors in the chiasm-sellar region before (A) and after (B) surgical treatment (scheme).

Group I: A — pituitary stalk craniopharyngioma with the damaged pituitary stalk and preserved pituitary gland before the surgery.

B — the condition after transcranial resection of pituitary stalk craniopharyngioma involving pituitary stalk transecttion; the pituitary gland is preserved.

Group II: A — endosuprasellar pituitary adenoma with compressed pituitary gland and pituitary stalk before the surgery.

B — the condition after transcranial resection of endosuprasellar pituitary adenoma involving pituitary stalk transection; the pituitary gland is compressed.

Group III: A — endosuprasellar pituitary adenoma with compressed pituitary gland and pituitary stalk before the surgery.

B — the condition after intracapsular transnasal endoscopic resection of the endosuprasellar pituitary adenoma without pituitary stalk transection; the pituitary gland is

compressed.

Group IV: A — suprasellar meningioma with pituitary stalk compression and preserved pituitary gland before the surgery.
B — the condition after transcranial resection of suprasellar meningioma without pituitary stalk transection; the pituitary gland is preserved.

Subgroup analysis

The patients were subdivided into four groups ac-
cording to tumor histology and location, as well as de-
pending on whether the pituitary stalk had been intraop-
eratively transected or preserved (Fig. 1):

- Group I: 46 patients with pituitary stalk craniopha-
ryngioma who had undergone transcranial surgery. These
tumors had almost completely destroyed the pituitary
stalk, which was totally transected during the surgery. In
these patients, the pituitary gland remained anatomically
preserved both before and after the surgery.

- Group IL: 11 patients with non-functioning endosupra-
sellar pituitary adenoma (NFPA) who had undergone tran-
scranial surgery in 2000—2003. These tumors were compress-
ing the pituitary stalk, which was subsequently transected
when performing radical resection of the suprasellar portion
of the capsule infiltrated by the tumor to reduce the risk of
tumor recurrence. The pituitary gland in these patients was
anatomically altered both before and after the surgery.

‘Group II1I: 41 patients with non-functioning endo-
suprasellar pituitary adenoma (NFPA) compressing the
pituitary gland and its stalk; the tumors were resected in-
tracapsularly through the endoscopic endonasal transs-
phenoidal approach. The pituitary stalk was preserved,
while the pituitary gland was anatomically altered both
before and after the surgery.

- Group IV: 41 patients with suprasellar meningioma
in whom the pituitary stalk compressed before the sur-
gery was preserved. The pituitary gland in these patients
remained anatomically preserved before and after the
transcranial surgery.

Outcome measurement techniques

The intraoperative characteristics of the condition of
the pituitary gland and the pituitary stalk were evaluated.
Moderate hyperprolactinemia was confirmed by the test
performed twice. The patient was diagnosed with sec-
ondary hypothyroidism if low FT4 level together with the
normal or low TSH level was revealed. The diagnosis of
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Table 1. Characteristics of study groups and endocrine disorders revealed in patients before and after surgery

Group |

Group II Group III Group IV

Parameter Pituitary stalk

NFPA without

pituitary stalk Suprasellar meningi-

NFPA with pituitary

craniopharyngioma stalk transection transection oma
Compression of the pituitary gland - + + -
Pituitary stalk compression + + + +
n 46 11 41 41
Age, min-max (median), years 15—64 (36) 18—57 (45) 32—67 (53) 35—68 (48)
Sex F31/M 15 F7/M 4 F25/M 16 F37/M 4
Preoperatively
PRL level, min-max (median), mU/1 115—3000 (440) 185—1085 (500) 140—1980 (550) 113—4050 (377)
Hyperprolactinemia, n (%) 19 (41.3%) 4 (36.3%) 16 (39.0%) 13 (31.7%)
Hypothyroidism, n (%) 12 (26.0%) 4 (36.3%) 14 (34.1%) 3(7.3%)
Hypocorticism, n (%) 7 (15.2%) 2(18.2%) 11 (26.8%) 2(4.9%)
Hypogonadism, n (%) 38 (82.6%) 8(72.7%) 33(80.5%) 49.7%)
Diabetes insipidus, n (%) 11(23.9%) - - 1(2.4%)
Postoperatively
Intraoperative pituitary stalk transection + + - -
Preservation of the pituitary gland* preserved ? ? preserved
PRL level, min-max (median), mU/1 35—3600 (380) 33—1080 (335) 13—2-610 (235) 93—740 (280)
Hyperprolactinemia, n (%) 19(41.3%) 2(18.1%) 1(2.4%) 2(4.9%)
Hypothyroidism, n (%) 46(100%) 11 (100%) 12 (29.2%) 3(7.3%)
Hypocorticism, n (%) 46(100%) 11 (100%) 10 (24.3%) 2(4.9%)
Hypogonadism, n (%) 46(100%) 11 (100%) 29 (70.7%) 5(12.1%)
Diabetes insipidus**, n (%) 43 (93.5%) 10 (90.9%) 0 1(2.4%)
*In groups Il and I11, it is unclear whether the pituitary gland was preserved. Furthermore, the pituitary gland could have been additionally damaged intraoperatively.

**Transient diabetes insipidus that had regressed earlier than 6 months after the surgery was not taken into account in analysis of study results.

secondary adrenal insufficiency was made in patients
having the morning cortisol level below 120 nmol/I or the
cortisol level of 120—350 nmol/I and corresponding clin-
ical symptoms. The diagnosis of secondary hypogonad-
ism was made in women of reproductive age having
amenorrhea and in postmenopausal women having low
blood level of gonadotropins. Men were diagnosed with
secondary hypogonadism if testosterone level was below
8 nmol/l. The PRL level > 550 mU/l in females and > 414
mUy/I1 in males was a criterion indicative of moderate hy-
perprolactinemia. The diagnosis of diabetes insipidus
was made on the basis of hypotonic polyuria (> 40 ml/kg
per day) and polydipsia, while the glycemic indicators
were normal.

Statistical analysis

Statistical analysis of the results was performed using
Excel and STATISTICA 6.0 for Windows application
software packages. Relative values were compared using
the 2 test (the differences were considered significant at
P <0.03).

RESULTS

The study groups differed in a combination of pre-
and postoperative conditions (the function of the pitu-
itary stalk and the pituitary gland) was either preserved or
disturbed). Study results are shown in Table 1.

Resection of craniopharyngiomas involving pituitary
stalk transection led to panhypopituitarism in all patients
(group I). Forty-three patients developed diabetes insipi-
dus (DI) (only 11 patients had DI before the surgery). All
patients needed hormone replacement therapy with glu-
cocorticoids, thyroid hormones, sex hormones, and va-
sopressin analogues. Three patients did not have DI. Hy-
perprolactinemia was postoperatively revealed in 19 pa-
tients (41.3% of cases). The PRL level became normal in
5 out of 19 patients with the preoperatively elevated val-
ues, while in 5 patients with normal preoperative PRL
level it became elevated. The maximum PRL level was
3600 mU/l. Two patients developed hypoprolactinemia
(35 and 50 mU/1).

The same situation was observed for the patients sub-
jected to resection of non-functioning endosuprasellar
adenomas involving pituitary stalk transection (group II).
All these 11 patients had either newly developed or ag-
gravated hypopituitarism symptoms. Diabetes insipidus
developed in 10 out of 11 patients. Moderate hyperpro-
lactinemia was preoperatively revealed in 4 patients. After
the surgery involving pituitary stalk transection, only 2
patients had elevated PRL levels. One patient developed
hypoprolactinemia (33 mU/1).

Contrariwise, hypopituitarism symptoms regressed
in group I1I patients who had undergone adenoma resec-
tion without pituitary stalk transection: recovery of sexu-
al function, regression of hypothyroidism, and regression
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of hypocorticism was observed in 5 (15%), 3 (21%), and
2 (18%) patients, respectively. The risk of developing hy-
popituitarism symptoms in patients who previously had
no such symptoms was low: hypogonadism developed in
1 (12.5%) patient; hypocorticism, in 1 (3%) patient; and
hypothyroidism, in 1 (4%) patient. No cases of develop-
ing permanent diabetes insipidus were revealed. Moder-
ate hyperprolactinemia was preoperatively observed in 16
(39%) patients; the blood PRL level decreased after the
surgery in most patients and remained elevated in only
one woman.

In patients with suprasellar meningiomas (group IV),
hyperprolactinemia was observed preoperatively in 13
(31.7%) cases; the maximum PRL level was 4050 mU/I.
After the surgery, moderate hyperprolactinemia persisted
in only 2 (15%) out of 13 patients who had it preopera-
tively. Resection of suprasellar meningiomas not involv-
ing pituitary stalk transection was not accompanied by
aggravation of hypopituitarism symptoms; diabetes in-
sipidus persisted in one (2.4%) patient; no new cases of
diabetes insipidus were reported.

In groups I and II of patients who had undergone pi-
tuitary stalk transection, hyperprolactinemia (p<0.05),
hypocorticism (p<0.05), hypothyroidism (p<0.05), and
hypogonadism (p<0.05) were observed significantly
more frequently as compared to patients in groups III
and IV who had undergone tumor resection without pi-
tuitary stalk transection.

Eight women of reproductive age with hyperprolac-
tinemia and amenorrhea (2 women having craniopha-
ryngiomas; 4 women having HFPA; and 2 women having
meningioma) were preoperatively treated with cabergo-
line at a dose of 0.25 mg per week. In all of them, the
PRL level (3 cases) or hypoprolactinemia (5 cases) was
normalized before the surgery; recovery of menstrual
cycle was observed in four patients (2 women having pitu-
itary adenoma and 2 women having meningioma).

DISCUSSION

The pituitary stalk is an anatomical structure consist-
ing of the portal vessel system and axons of the hypotha-
lamic nuclei terminating in the posterior pituitary lobe
(Fig. 2).

Pathophysiology of the hypothalamo-hypophyseal
system was thoroughly described in studies by I.I. Dedov,
1.G. Akmaev, A.A. Voitkevich, V.N. Babichev [1—4],
and other Russian and foreign authors.

Blood is supplied to the pituitary gland through
branches of the internal carotid artery: the superior and
inferior hypophyseal arteries [5]. The superior hypoph-
yseal arteries enter the median eminence to form a cap-
illary network and supply the hypothalamus (Figs. 2
and 3). These capillaries, which contact with axon ter-
minals in small neurosecretory cells of the mediobasal
hypothalamus, merge into the portal veins descending
along the pituitary stalk into the adenohypophyseal pa-
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renchyma and divide again into a network of sinusoid
capillaries. Having passed through the median emi-
nence, blood is enriched in hypothalamic releasing hor-
mones and is eventually supplied to the anterior pitu-
itary. Blood rich in adenohypophyseal hormones drains
via a system of veins running into venous sinuses of the
dura mater and further into the general circulation.
Hence, the hypophyseal portal system with blood flow-
ing down from the hypothalamus is a morphofunctional
component of the complex mechanism for ensuring
neurohumoral control of hypophysiotropic function.
Secretion of pituitary hormones depends on the inter-
play between the hypothalamus, the portal veins, and
hormone-secreting anterior pituitary cells.

Blood is also supplied to the anterior pituitary
through the portal veins. The inferior hypophyseal arter-
ies are involved in blood supply to the posterior pituitary;
they contact with the neurosecretory axon terminals in
large-cell hypothalamic nuclei and are located below the
sellar diaphragm (Fig. 3).

Unlike secretion of other pituitary hormones that is
mainly stimulated by hypothalamus, secretion of PRL is
controlled by tonic inhibiting effect of dopamine that is
produced by hypothalamus. It is believed that pituitary
stalk rupture or mechanical compression of the portal
vessels disrupts the transport of dopamine and releasing
hormones and cause hyperprolactinemia and deficiency
of other pituitary hormones.

Axons of the nuclei of supraoptic and paraventricular
neurons of the hypothalamus secreting antidiuretic hor-
mone (ADH) also pass along the pituitary stalk along
with portal vessels. In the form of granules bound to neu-
rophysin protein into a complex, ADH is transported via
axons of the neurons terminating in the posterior pitu-
itary, which acts as a reservoir of ADH. From this reser-
voir, the hormone is released into the systemic circula-
tion (Fig. 2). Damage done to axons of the pituitary stalk
as a result of neurotrauma, surgical transection, or pitu-
itary stalk destruction by a tumor causes manifestation of
diabetes insipidus [6].

Cases of congenital pituitary stalk interruption syn-
drome (PSIS) have been reported in literature. In pa-
tients with this syndrome, the pituitary stalk is not seen in
the MR image; there is no signal from the posterior pitu-
itary and is a hyperintense signal in the area of infundibu-
lar processes of the third ventricle [7]. Different authors
interpreted this condition as ectopic posterior pituitary
and pituitary stalk agenesis or as traumatic pituitary stalk
rupture as a result of birth injury. Rare mutations in the
HESXI1, LH4, OTX3, and SOX3 genes can be a reason for
PSIS [8, 9]. Clinical presentation involves pituitary
dwarfism as a result of growth hormone deficiency, either
isolated or caused by other manifestations of hypopitu-
itarism. In a larger-scale study involving 55 children with
PSIS conducted in China, growth hormone deficiency
was revealed in all patients; hypogonadotropic hypogo-
nadism, in 95.8%; ACTH deficiency, in 81.8%; and sec-
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Fig. 2. Structure and function of the hypothalamus—pituitary gland-peripheral endocrine glands system (scheme).
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Fig. 3. The scheme of blood supply to the pituitary gland and blood vessel damage upon pituitary stalk transection.

ondary hypothyroidism, in 76.3% of patients. Hyperpro-
lactinemia was observed in only 36.4% of cases [10].

The studies demonstrate that space-occupying pro-
cesses in the chiasm-sellar region, such as pituitary mac-
roadenomas [11], meningiomas [12], craniopharyngio-
mas [13], germinomas [14], gliomas, inflammatory pro-
cesses (tuberculosis, sarcoidosis), metastases, and carot-
id artery aneurysms disturb secretion of pituitary hor-
mones. Patients with portal vessel compression have
moderate hyperprolactinemia and reduced secretion of
pituitary hormones [11—15]. The PRL level in these cas-
es is usually not higher than 2000 mU/1 [16—18].

B.M. Arafah et al. showed that increased intrasellar
pressure disturbing circulation of blood through the por-
tal vessels is a significant mechanism in the pathogenesis
of hyperprolactinemia and hypopituitarism upon space-
occupying processes in the chiasm-sellar region. In pa-
tients with pituitary macroadenomas, intrasellar pressure
can be as high as 28.8+13.5 mmHg (the normal intracra-
nial pressure is less than 10—15 mmHg). In patients with
hypopituitarism, intrasellar pressure is higher than in in-
dividuals with normal pituitary function. The PRL level
was positively correlated with intrasellar pressure but not
with tumor size. Recovery of pituitary function after ad-
enomectomy is possibly related to normalization of intra-
sellar pressure and recovery of circulation via the portal
system. However, pituitary function is not recovered in
some patients. Increased intrasellar pressure probably
causes ischemic necrosis of the pituitary gland in this
group of patients [19, 20].

In our study, preoperative hyperprolactinemia was
revealed in 52 (37.4%) out of 139 patients with tumors in
the chiasm-sellar region. In most cases, the PRL level
was not higher than 2000 mU/I; only in two patients
(with craniopharyngioma and meningioma) it was 3000
and 4050 mUy/I, respectively.

Pituitary stalk compression in patients with pituitary
adenomas and suprasellar meningiomas (groups II, I1I,
and IV) did not lead to DI, while craniopharyngiomas
originating from the pituitary stalk and destroying it
(group I) were accompanied by DI in 23.9% of cases,
possibly due to complete blockade of ADH transport or
retrograde death of ADH-secreting hypothalamic cells.

Surgical tumor resection without pituitary stalk tran-
section (groups III and IV) eliminated pituitary stalk
compression and probably recovered transport of dopa-
mine and releasing hormones of hypothalamus as evi-
denced by normalization of PRL levels in most patients
and hypopituitarism regression in some patients. Similar
results were obtained by H.A. Zaidi et al. who studied the
pituitary function in 276 patients operated on through
the transsphenoidal approach. The PRL level was nor-
malized in 77.8% out of 72 patients preoperatively having
hyperprolactinemia [21]. P. Nomikos et al. reported that
the pituitary function recovered or was improved in
49.7% patients who had hypopituitarism before NFPA
was resected through the transsphenoidal approach [22].

The literature lacks studies focusing on the transect-
ed pituitary stalk syndrome in humans. It has been dem-
onstrated that pituitary stalk transection in animals re-
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sults in profound atrophy of adrenal glands and gonads,
less profound atrophy of the thyroid gland, and diabetes
insipidus. Pituitary stalk transection noticeably slows
down growth of young animals [23]. L. Vaughan et al.
transected the pituitary stalk in 20 monkeys. LH was the
first pituitary hormone to disappear from blood. The GH
and cortisol levels significantly declined and were not in-
creased after insulin injection. The PRL level increased
and remained significantly elevated during the entire fol-
low-up period (3 years), but some animals exhibited only
moderate or transient hyperprolactinemia that was pre-
sumably related to revascularization of the anterior pitu-
itary gland [24]. L.L. Anderson et al. evaluated the growth
dynamics of calves with transected pituitary stalk. Nei-
ther pulsatile or reduced basal secretion of growth hor-
mone was observed; blood levels of TSH and thyroid
hormones were significantly reduced. Nevertheless, ani-
mals continued to grow, although at a very slow rate. His-
tological evaluation of the pituitary gland of the tested
calves showed that it was significantly smaller than that in
healthy animals. However, GH- and TSH-secreting cells
remained in the pituitary tissue [25].

J.H. Adams showed in his review that pituitary stalk
transection in animals (rats, sheep, and monkeys) causes
extensive necrosis of the anterior lobe of the pituitary
gland because of damage to the portal veins. However, a
small portion of the pituitary gland tissue supplied with
blood via the inferior hypophyseal arteries remains pre-
served. The absence of a barrier between the transected
regions of the pituitary stalk could have caused revascu-
larization and recovery of function of the anterior lobe of
the pituitary gland [23].

In the 1950—1960ss, hypophysectomy or pituitary
stalk transection was performed at late stages of breast or
prostate cancer, as well as in patients with progressive
diabetic retinopathy. This surgery was believed to elimi-
nate pain and to slow down progression of these diseases.
J.H. Adams et al. described the anatomical changes in
the pituitary gland in 21 patients (20 patients having
breast or prostate cancer and one patient having diabetic
retinopathy) after transcranial pituitary stalk transection.
Tantalum or another inert material was placed between
the transected ends of the pituitary stalk to prevent their
union. All patients died postoperatively, within the peri-
od ranging between 30 hours and 11 months. Either in-
farctions or cicatrices in the anterior pituitary were de-
tected in all these patients, but complete necrosis of this
organ was never observed; a portion of the anterior pitu-
itary parenchyma remained intact (to a different extent in
different patients). The hormone-secreting cells in the
intact area of the anterior pituitary were smaller than in
the normal pituitary glands. The posterior lobe of the pi-
tuitary gland remained preserved but became smaller
[26]. Unfortunately, the endocrine aspects were not dis-
cussed in this study.

Today, the effect of pituitary gland transection in pa-
tients with craniopharyngiomas can be evaluated indi-
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rectly. Craniopharyngiomas are often preoperatively ac-
companied by endocrine disorders, which are aggravated
after tumor resection regardless of tumor location and
the surgical approach used. J.Honegger et al. [27] ana-
lyzed the endocrine disorders after resection of cranio-
pharyngiomas. All patients developed panhypopituita-
rism and diabetes insipidus after pituitary stalk transec-
tion, while the risk of developing these disorders was
lower when the pituitary gland was preserved, either
completely or partially. However, the dynamics of the
PRL level in patients who had undergone pituitary stalk
transection was not described in this publication [27].

In our study, intraoperative pituitary stalk transec-
tion in patients with either preserved or compressed pitu-
itary gland (groups I and II) led to development of pan-
hypopituitarism in all patients and DI in most of them.
Four (7%) of these patients did not have diabetes insipi-
dus. The possible reason for this is that ADH was directly
entering the systemic circulation without entering the
posterior pituitary. The so-called ectopic posterior pitu-
itary could have also been formed as a result of enlarge-
ment of the proximal end of the pituitary stalk. This phe-
nomenon has been reported in studies involving patients
who had undergone pituitary stalk transection near the
pituitary diaphragm; if the pituitary stalk was transected
near the hypothalamus, regression of DI is unlikely [28,
29].

In our study, pituitary stalk transection did not case
the anticipated aggravation of hyperprolactinemia. This
condition was observed only in 21 (36.8%) out of 57 pa-
tients. In case of adenomas, this could be attributed to the
intraoperative damage done to the residual posterior pi-
tuitary tissue but this situation also took place for patients
with craniopharyngiomas, where the pituitary gland had
been preserved.

Development of ischemia and necrosis of the pitu-
itary gland are also possible. However, development of
hypoprolactinemia will be expected in this case, but hy-
poprolactinemia was observed in our study only in 2 cases
after resection of craniopharyngiomas and in one case
after resection of NFPA. Therefore, it is also possible that
either dopamine is transported to the posterior gland not
only through the pituitary stalk or the integrity of portal
vessels is partially restored.

Taking into account the differences in symptoms,
two individual conditions (the pituitary stalk compres-
sion syndrome and the pituitary stalk transection syn-
drome) should be differentiated.

The pituitary stalk compression syndrome predomi-
nantly manifests itself as hyperprolactinemia (37.4% of
cases); the frequency of hypopituitarism and diabetes in-
sipidus in patients with preserved pituitary gland is low.
In most cases, hyperprolactinemia is asymptomatic but
can be accompanied by hypogonadism. Cabergoline
therapy in these patients, even at minimum doses, rap-
idly leads to normoprolactinemia or hypoprolactinemia
and recovery of sexual function. After the pituitary stalk
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compression was eliminated, the PRL level is normalized
due to recovery of dopamine transport. In patients with
compression of both the pituitary stalk and the pituitary
gland caused by suprasellarly growing adenomas, hypo-
pituitarism symptoms are observed along with hyperpro-
lactinemia symptoms. Elimination of compression of the
pituitary gland and its stalk during adenoma resection
recovers the pituitary function in 15—21% of cases; the
remaining patients still have either partial or total hypo-
pituitarism probably due to atrophy of hormone-secret-
ing cells of the pituitary gland. A number of authors dem-
onstrated that elevated preoperative PRL level is a pre-
dictor of recovery of pituitary function [22, 30]. Hence,
P. Nomikos et al. analyzed the outcomes of surgical treat-
ment of 621 patients with NFPA and observed either par-
tial or complete regression of hypopituitarism symptoms
in 80% of patients with the PRL level > 500 mU/I; in
52.3% of patients with the PRL level ranging from 100 to
500 mU/I; and in only 30% of patients with the PRL lev-
el <100 mU/1[22].

The syndrome of neurosurgical pituitary stalk tran-
section manifests itself as panhypopituitarism, DI, or hy-
perprolactinemia in 100, 93.0, and 36.8% of patients, re-
spectively.

DOI: http://dx.doi.org/10.14341/probl8343

CONCLUSIONS

This study has confirmed the role played by the pitu-
itary stalk in transport of hypothalamic hormones via
blood vessels and axons to the pituitary gland. We did not
observe the anticipated elevation of PRL level after surgi-
cal transection of the pituitary stalk. Contrariwise, the
frequency of development of hyperprolactinemia de-
creased in patients with NFPAs and remained unchanged
in patients with craniopharyngiomas. This suggests that a
more detailed research into the reasons for elevation of
PRL levels in patients with tumors in the chiasm-sellar
region is needed. The findings that pituitary stalk tran-
section leads to development or aggravation of panhypo-
pituitarism symptoms in all patients and development of
DI in most patients are relevant for neurosurgeons.
Therefore, one should adhere to the tactics of preserving
the pituitary stalk during neurosurgeries.
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