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Abstract: Our purpose is to provide new insights concerning the challenges of pituitary apoplexy
in pregnancy (PAP) and the postpartum period (PAPP). This is a narrative review of the English
literature using a PubMed search. The inclusion criteria were clinically relevant original studies
(January 2012-December 2022). Overall, we included 35 original studies: 7 observational studies
(selected cases on PA) and 28 case reports, including 4 case series (N = 49; PAP/PAPP = 43/6). The
characteristics of PAP patients (N = 43) are as follows: maternal age between 21 and 41 (mean of
27.76) years; 21/43 subjects with a presentation during the third trimester (only one case during first
trimester); average weak of gestation of 26.38; most females were prim gravidae; 19 (out of 30 patients
with available data on delivery) underwent a cesarean section. Headache remains the main clinical
feature and is potentially associated with a heterogeneous panel (including visual anomalies, nausea,
vomiting, cranial nerve palsies, diabetes insipidus, photophobia, and neck stiffness). Pre-pregnancy
medication included dopamine agonists (15/43) and terguride (1/43) in addition to subsequent
insulin therapy for gestational diabetes (N = 2) and type 1 diabetes mellitus (N = 1). Overall,
29/43 females received the conservative approach, and 22 /43 women had trans-sphenoidal surgery
(TSS) (and 10/22 had the initial approach). Furthermore, 18/43 patients had a pituitary adenoma
undiagnosed before pregnancy. Most PA-associated tumors were prolactinomas (N = 26/43), with the
majority of them (N = 16/26) being larger than 1 cm. A maternal-fetal deadly outcome is reported in
a single case. The characteristics of PAPP patients (N = 6) are as follows: mean age at diagnosis of
33 years; 3/6 subjects had PA during their second pregnancy; the timing of PA varied between 5 min
and 12 days after delivery; headache was the main clinical element; 5/6 had no underlying pituitary
adenoma; 5/6 patients were managed conservatively and 1/6 underwent TSS; pituitary function
recovered (N = 3) or led to persistent hypopituitarism (N = 3). In conclusion, PAP represents a rare,
life-threatening condition. Headache is the most frequent presentation, and its prompt distinction
from other conditions associated with headache, such as preeclampsia and meningitis, is essential.
The index of suspicion should be high, especially in patients with additional risk factors such as
pre-gestation treatment with dopamine agonists, diabetes mellitus, anticoagulation therapy, or large
pituitary tumors. The management is conservative in most cases, and it mainly includes corticosteroid
substitution and dopamine agonists. The most frequent surgical indication is neuro-ophthalmological
deterioration, although the actual risk of pituitary surgery during pregnancy remains unknown.
PAPP is exceptionally reported. To our knowledge, this sample—case series study is the largest of
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its kind that is meant to increase the awareness to the benefit of the maternal-fetal outcomes from
multidisciplinary insights.

Keywords: pregnancy; pituitary apoplexy; postpartum; hormone; endocrine; neurosurgery; surgery;
pituitary neuroendocrine tumor; pituitary adenoma

1. Introduction

Pituitary apoplexy (PA), an endocrine emergency caused by acute hemorrhage and/or
infarction in the pituitary gland, represents an acute clinical syndrome presenting as a se-
vere headache and decreased vision, ophthalmoplegia, and even altered consciousness [1-3].
PA may lead to hormonal deficiencies including life-threatening adrenal insufficiency and
diabetes insipidus (DI), regardless of the presence of a prior pituitary mass [4-9]. PA in
pregnancy has been exceptionally reported, but it remains of major importance to be ade-
quately recognized and treated because it can lead to a fatal outcome for both the mother
and fetus [10-14].

Generally, PA occurs in from 2 to 12% of patients with pituitary adenomas [15]; for
instance, a prevalence of 8% is reported for non-functioning macroadenomas [16], and a
prevalence of 6.8% is reported in lactotroph pituitary neuroendocrine tumors (PitNETs) [17].
The true prevalence, however, is still unknown [18,19]. Grand’Maison et al. estimated
PA prevalence in pregnancy and the postpartum period (PP) to be 1 per 10,000 term
pregnancies [20].

Outside pregnancy and lactation, PA is associated with a number of risk factors
including cardiac surgery and other major surgeries, head trauma, arterial hypertension,
coagulation disorders, anticoagulant treatment, pituitary stimulation tests, initiation or
withdrawal of dopamine agonist treatment, radiotherapy, etc. [17,21-23].

During pregnancy, a series of changes that impact the pituitary gland occur. Physiolog-
ical hormonal secretion from the placenta mediates an increase in the ovarian production of
estrogen and progesterone. The surge in estrogen levels stimulates the pituitary gland and
leads to the hypertrophy of lactotroph cells as well as hyperplasia up to 50% [1,24,25]. High
levels of estrogens may also lead to hyperemia of the pituitary [26-28]. Furthermore, during
pregnancy, there is an increase in pituitary volume, starting from the first weeks of preg-
nancy, but an increase in pituitary tumor size has also been noted, especially in lactotroph
tumors, during the preparation period for lactation [24,29-38]. Another contributing factor
is the pro-thrombotic state accompanying pregnancy [39].

In pregnant women, PA most commonly occurs in patients with previous pituitary
adenomas as a result of their gestational hypertrophy. Lactotroph tumors, in particular, may
enlarge during pregnancy, increasing the risk of PA and associated neuro-ophthalmological
consequences such as the compression of the optic chiasm or cranial nerves. Often, PA in
pregnancy is identified in patients with an undiagnosed PitNET as the first manifestation
of the disease. However, due to the physiological gestational increase in pituitary volume,
PA may occur in patients without any underlying hypophyseal mass [40-42].

Due to its clinical presentation with acute headache as the core manifestation, PA can be
mistaken for a series of other serious conditions for which pregnancy may also increase risk,
such as preeclampsia, cerebral venous thrombosis, subarachnoid hemorrhage, and arterial
dissection. Other conditions that may present with headache and should be included in
the differential diagnosis include meningitis, idiopathic intracranial hypertension, and
migraine [43-46]. PA should also be differentiated from hyperemeis gravidarum due to the
possible presentation with nausea and severe vomiting [47].

The diagnosis of PA in pregnancy is confirmed by magnetic resonance imaging
(MRI) [19,22,48,49], which identifies intrasellar hemorrhage [50]. In addition to confirming
PA, MRl is an important tool for the differential diagnosis of neurologic disorders associated
with pregnancy [50,51].
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Generally, the initial approach of patients with PA is conservative, aiming to ensure
fluid and electrolyte balance and to restore glucocorticoids replacement. Steroids are also
indicated for the prevention of cerebral edema. The next step is the decision to either
continue conservative treatment, with the possibility of administering dopamine agonists
(DA) or to undergo surgery [14,19,52-54]. Patients with prolactinoma taking DAs should
stop the medication when pregnancy is confirmed. In particular cases, such as invasive
adenoma or continuous tumor growth, DAs should be resumed [55-58].

Concerning PA in pregnancy, the conservative approach is often preferred. Due to the
risk for the mother and fetus, surgical management during pregnancy is reserved for pa-
tients with deteriorating consciousness or severe neuro-ophthalmological deficits [57,59-61].
When surgical management is chosen, the second trimester and early third trimester are
preferred [59,62], with no preference regarding the anesthetic approach [63].

Aim
Our purpose is to provide new insights for AP in pregnancy and the PP period by
covering different aspects from presentation to outcome.

2. Methods

This is a narrative review of the English medical literature regarding PA in pregnancy
and PP, using a PubMed-based search with the following keywords: “pituitary apoplexy”
and “gestational” or, alternatively, “pregnancy” or “postpartum”. The inclusion criteria
consisted of clinically relevant original studies with a publication date between January
2012 and December 2022. We excluded other etiologies of PA.

Overall, we identified and analyzed 35 papers; among them, 30 original studies (in-
cluding case reports) addressed subjects with PA in pregnancy, and 6 case reports recorded
PA during PP (notably, 1 study, which includes 2 previously unreported individuals with
PA in pregnancy and one during PP, is common to both sections). There was a total of
50 patients analyzed from the published data, including 44 patients with PA in pregnancy
and 6 with PA during PP (Figure 1).

2012-2023
“pituitary apoplexy” (“gestational”)
AND “pregnancy” (or “postpartum®)
PubMed

Exclusion of reviews,
other causes of pituitary
apoplexy outside pregnancy

or postpartum

35 original articles

Figure 1. Flowchart diagram according to our methodology.

3. Results
3.1. Sample—Case Series Study

Findings regarding PA in pregnancy are summarized in Tables 1 and 2.
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Table 1. Characteristics, clinical presentation, management, and outcome of patients with PA in
pregnancy. The studies are displayed starting with those from 2012 [20,64-92]. This table introduces
the studied population, week of gestation, and clinical presentation, including the data on preexisting

pituitary lesions.

Reference
(Name, Number, and

Year of Publication) and

Population WG on Presentation

Clinical Presentation

Preexisting Pituitary Lesion

Type of Study
Lactotroph PitNET < 1
Couture [64] Eiii:;he cm—diagnosed before pregnancy
2012 37yF 16 WG Vomitin and treated with DA (bromocriptine
Case report Blurred %ision switched to cabergoline) until
pregnancy was confirmed
Lactotroph PitNET > 1
Jansssen [65] .
2012 27y F 10 WG (G1) Headache cm—diagnosed before pregnancy
Visual disturbance and treated with DA
Case report .
(bromocriptine)
Kita [66] Headache
2012 26y F 26 WG Bitemporal NFPA > 1 cm
Case report hemianopsia
Witek [67] Headache Lactotr'oph PINET > 1
2012 26y F 14 WG Visual field cm—diagnosed before pregnancy
.. and treated with DA
Case report abnormalities ..
(bromocriptine)
Lactotroph PitNET > 1
Chegour [68] Headache cm—undiagnosed before pregnancy
. . The patient received treatment with
2014 29y F 19 WG Visual disturbances .
. . DA (bromocriptine) before
Case report (unilateral vision loss) . .
pregnancy for hyperprolactinemia of
uninvestigated etiology
Hayes [69] Headache Pituitary adenoma—diagnosed
2014 41yF 18 WG Visual disturbances before pregnancy (Lactotroph
Case report (visual field defects) PitNET)
. . Headache
g(l)eﬁtamda (701 27y E 35 WG (G1) Photophobia Pituitary adenoma—undiagnosed
y Bitemporal before pregnancy
Case report hemi .
emianopsia
Tandon [71] Headache Lactotroph PitNET—diagnosed
2014 27y F 36 WG . .. during pregnancy at 19 WG and
Unilateral vision loss . .
Case report treated with bromocriptine
Bedford [72]
2015 35yF NA Headache Pituitary macroadenoma
Case report
De Ycaza [73] . .
2015 26yF 28 WG (G1) Headache Macroprolactinoma—diagnosed
before pregnancy
Case report
Grand’Maison Patient 1: 39 WG Patient 1: Headache, xl/)valjt[f;ﬁ t1: ril:;il;;?] }zzf;l:lasm
[20] 4 F with (G6P3A2) nausea, blurred vision, Patient 21? Lac totrogh PHNET with
2015 PA # Patient 2: 20 WG (G1)  and neck stiffness ) P

Case series

Patient 4: G4P1A3

Patient 2: Headache

regression after DA (cabergoline)
treatment
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Table 1. Cont.

Reference
(Name, Number, and

Year of Publication) and Population WG on Presentation  Clinical Presentation Preexisting Pituitary Lesion
Type of Study
Headache
Visual disturbances
Numbness and
Watson [74] . .
2015 30y F 37 WG (G5P4) erakness of the left Pituitary adenoma—undiagnosed
Case report side of the before pregnancy
body/transient
left-sided facial
numbness
Headache
Abraham [75] ll;}iw}:fc)—rs)i}:ioebCiZumbness
2016 32yF 23 WG (Go6P4) ] No pituitary adenoma
Diplopia
Case report
Superotemporal
hemianopsia
Annamalai [76] . .
2017 25y F 37 WG Headache Lactotroph PitNET—treated with
DA for three months
Case report
Patient 1: Headache,
Galvao [77] blurred vision, and loss
2017 35 F # Patient 1: 28 WG (G1)  of consciousness Patient 1: Lactotroph PitNET >1 cm
Retrospective, Patient 2: 25 WG Patient 2: Headache, Patient 2: Lactotroph PitNET
observational study blurred vision, and
visual field defects
Patient 1:
Lambert [78] Macroprolactinoma—diagnosed
2017 before pregnancy
Prospective, 7LE #id NA Headache Patient 2: Non-functioning
observational study adenoma—diagnosed before
pregnancy
O’Neal Headache
[79] Visual field defects (2 Pituitary adenoma—undiagnosed
27y F 29 WG days after start of Y &
2017 . before pregnancy
conservative
Case report
management)
Bachmeier [80] Lactotroph PitNET—clinically
Headaches . .
2019 30y F 36 WG (G1) - . asymptomatic and previously
Unilateral visual loss .
Case report undiagnosed
Patient 1: Pituitary
Patient 1: Headache Ia;leegr(l)gzy—undlagnosed before
Patient 1: 37 WG and blurred vision ¢ -
Jemel [81] 3F with (G2P2A0) Patient 2: Headache, Patient 2: Non—secr.etory pituitary
2019 . I, adenoma—the patient underwent
. PA #HH## Patient 2: 22 WG (G1) nausea, and vomiting .
Case series . . treatment with DA for two years
Patient 3: 24 WG Patient 3: Headache . -
. . Patient 3: Pituitary
and visual disturbances .
macroadenoma—undiagnosed
before pregnancy
00 SSFAHHE i hmontn  SYmPlomSof PA,
. (3 F with ; including visual field Lactotroph PitNET > 1 cm
Retrospectlve, of gestation
PA) defects

observational study

Patient 3: 36 WG




J. Clin. Med. 2023, 12, 3416

6 of 26

Table 1. Cont.

Reference
(Name, Number, and
Year of Publication) and

Population WG on Presentation

Clinical Presentation

Preexisting Pituitary Lesion

Type of Study
Headache
. Nausea
2B(1)c2k(;ard [83] 29y E 30 WG Vomiting Pituitary adenoma—undiagnosed
y Anisocoria before pregnancy
Case report
DI (Polydipsia 10
L/day and polyuria)
Chan [84] Headache L :
2020 28yF 38 WG (G5P1) Decrease in visual Pituitary adenoma—undiagnosed
Case report acuity before pregnancy
P Anisocoria
Headache
Oguz [85] Nausea
2020 26y F 22 WG(G0) Visual disturbances Lactotroph pituitary macroadenoma
Case report (including visual field
deficit)
Similar presentation for
. 1st pregnancy: 34 both pregnancies:
g()ezlisler [86] 27 v E WG (G3P0) Headache Pituitary adenoma—undiagnosed
y 2nd pregnancy: 32 Visual disturbance before pregnancy
Case report
WG (repetitive flashes of
light)
Headache
Kanneganti [87] Visual disturbance
2021 26y F 37 WG (G1) Non-vertiginous PA with optic chiasma compression
Case report giddiness
Breast discharge
Patient 1: Lactotroph PitNET with
Patient 1: Visual field compression on the optical chiasm
defects ( t.emporal (kngwn before pregnancy)
Kato [88] 3Fwith  Patient1: 35 WG (P1) hemianopia) Piﬂjﬁﬁj;f}ﬁﬁﬁg? j\f‘ifh
2021 PA Patient 2: 32 WG Patient 2: Headache & P

compression on the optical chiasm

Case series HHHIH Patient 3: 28 WG and visual field defects .
(temporal hemianopia) (undiagnosed before pregnancy)
Patie}?r)l t 3: Hea dachg Patient 3: Lactotroph adenoma with
' compression on the optical chiasm
(undiagnosed before pregnancy)
. Giant lactotroph
2Kh02allch [59] 30y F 2 WG EZiﬁ;Che PitNET—diagnosed before
Case report Visual disturbance pregnancy and treated with DA and
TSS with a 50% residual tumor
Patient 1: Headache,
Ef:ilpl(r)g)lallgrrﬁgrt{opia Patient 1: Lactotroph PitNET
Patient 1: 36 WG and photophobia EZEEE: g Iizz:gggpi gi:ﬁ%%:
Kuhn [90] 5 females Patient 2: 26 WG Patient 2: Transient DI Patient 4: Lactotroph PINET
2021 with PA Patient 3: 35 WG (G3) Patient 3: Headache Patient 5: Lactotroph PHNET
Case series HAHHHE Patient 4: 16 WG and unilateral vision ) P

Patient 5: 24 WG

loss

Patient 4: Headaches
and visual field defects
Patient 5: Headache

All patients were diagnosed with
pituitary adenomas before

pregnancy
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Table 1. Cont.

Reference

(Name, Number, and
Year of Publication) and

Population WG on Presentation

Clinical Presentation Preexisting Pituitary Lesion

Type of Study
Headache throughout
pregnancy without
remission under
analgetic treatment
Ye[91] Vomitin, Pituitary adenoma—undiagnosed
2021 24yF 32 WG OMIHng urary adenomaundiaghose
Dysarthria and before pregnancy
Case report hemi .
emiplegia after
sodium
supplementation
Low-grade fever
Headache
ggg; io21 40V F 21 WG gigﬁ;tﬂe vomiting Pituitary adenoma—undiagnosed
y (G2P0A1L0) before pregnancy

Case report

Decreased visual acuity
Altered consciousness

Abbreviations: y = Years; F = female; NFPA = non-functioning pituitary adenoma. # PA during pregnancy or in the
PP period with ages of 33 years (patient 1) and 30 years (patient 2); the case of patient 3 was previously published
in 2012 and therefore not included; the case of patient 4 is summarized in Table 3. ## A total of 35 pregnant women
with prolactinoma (2 women out of the 35 presented with PA during pregnancy at the age of 30 years—patient 1);
NA (patient 2). ### A total of 71 women with pituitary tumors diagnosed before or during pregnancy (2 women
presented with PA during pregnancy). #### patients with PA during pregnancy with ages of 32 years (patient 1),
37 years (patient 2), and 30 years (patient 3). ##H### A total of 46 female patients with lactotroph PitNETs > 1 cm,
with at least one pregnancy after diagnosis (3 patients developed PA during pregnancy). #HHH## A total of
3 females diagnosed with PA in pregnancy with ages of 33 years (patient 1), 22 years (patient 2), and 29 years
(patient 3). ###HH#HH A total of 5 females with PA in pregnancy with ages of 31 years (patient 1), 21 years (patient 2),
32 years (patient 3), 23 years (patient 4), and 25 years (patient 5).

Table 2. Introduces the data concerning additional risk factors, therapy, delivery, and maternal
outcome [20,64-92].

Reference

(Name and Number) Additional Risk Factors Treatment Delivery Maternal Outcome
Couture Conservative management Complete recovery
[64] None with DA (cabergoline) LB at 38 WG by CS Resolution of pituitary adenoma
Jansssen Conservative treatment with Adrenal insufficiency
[65] None DA (bromocriptine), LT4 + LB at40 WG by VD  Major decrease in size of
Hydrocortisone pituitary tumor
Kita DI managed with
6] None TSS (7 days after admission) LB at 40 WG by CS 1-desamino-8-D-arginine
vasopressin
Conservative management Complete recovery
Witek with DA (bromocriptine)
[67] None followed by TS (at20 WG~ [BatIBWGPyCS - Ho tumorregrowth
due to visual field defects) p y
Chegour i Conservative treatment with Complete recovery: remission of
DA (bromocriptine) . NA symptoms and disappearance of
[68] DA (cabergoline) .
the expansive process
DA (cabergoline) before Resolutmr} O.f symptoms
Hayes pregnancy (discontinued Normal pituitary function
o4 TSS LB at term by VD Able to breastfeed for only
[69] when pregnancy was

confirmed)

2 weeks
No adenoma recurrence
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Table 2. Cont.

E\Ie;;::l;: d Number) Additional Risk Factors Treatment Delivery Maternal Outcome
TSS (after delivery) Central hypothyroidism
Piantanida None 9 months after delivery LB at 35 WG by Total adenoma resection
[70] cabergoline therapy was urgent CS Hyperprolactinemia treated with
started cabergoline
L Transient DI postoperatively
if;ﬂdon Dr[: (rl::;rcnocnptme) before TSS LB at 37 WG by CS Improvement of visual
preg y symptoms
Bedford
[72] A NA NA NA
?aﬁeg)r;?:glgggfeand Conservative treatment with Tumor decreased in size after
De Ycaza ‘ ngén (discontinued glucocorticoid replacement LB at term by VD DA (cabergoline) treatment
[73] pregnancy {dise . and DA (cabergoline) until arte y The patient had an uneventful

when pregnancy was
confirmed)

delivery

second pregnancy

Grand’Maison

Patient 1: None
Patient 2: DA (cabergoline)
before pregnancy

Patient 1: Conservative
management
Patient 2: Conservative

Patient 1: LB at 40
WG by VD

# Patient 1: Normal pituitary
function
Patient 2: Normal pituitary

[20] (discontinued when management and DA Patient 2: LB at term  function, diminished pituitary
regnancy was confirmed)  (cabergoline) by VD mass (9 x 9mm), and
P uneventful second pregnancy
Conservative treatment with
Watson Low—molecular—welght hydrocortisone 50 mg 6 times LB at term by CS Persistent hypocortisolism
[74] heparin hourly
Heparin postoperatively
Abraham Transient postoperative DI
[75] None 155 NA Normal pituitary function
DA (cabergoline) before . . Resolution of PA
Annamalai pregnancy (discontinued Conservative treatment with Resolution of pituitary
hydrocortisone and DA LB at 37 WG by CS .
[76] when pregnancy was (cabergoline) microadenoma
confirmed) 8 Normal pituitary function
Patient 1: Conservative Patient 1: Pregnancy proceeded
Galvao Patient 1: None management Patient 1: LB normally
[77] Patient 2: None Patient 2: TSS during second Patient 2: LB Patient 2: The patient developed
trimester DI and central hypothyroidism
Lambert Both patients received Patient 1: CS
[78] NA conservative treatment Patient 2: NA Good outcome
Conservative management
O'Neal with hydrocortisone and DA .
[79] None (bromocriptine) initially, LB at term DI postoperatively
followed by surgery
Resolution of symptoms
Bachmeier Normal pituitary function
None TSS tumor resection PP LB at 37 WG by CS postoperatively
[80] .
The patient was able to
breastfeed
Patient 1: Conservative
management with
Patient 1: None hydrocortisone 100 mg 6 times Patient 1: LB at 37 . .
. . hourly and DA in PP Patient 1: Regression of the
Patient 2: DA (cabergoline) . . WG o
Patient 2: Conservative . pituitary mass
Jemel before pregnancy management initially, with Patient2: LB at 37 Patient 2: NA
[81] (discontinued when & Y, WG ’

pregnancy was confirmed)
Patient 3: None

hydrocortisone and DA,
followed by TSS (3 days after
admission)

Patient 3: Hydrocortisone and
TSS

Patient 3: LB at 38
WG

Patient 3: Remission of
symptoms
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Table 2. Cont.

Reference
(Name and Number)

Additional Risk Factors

Treatment

Delivery

Maternal Outcome

Two patients underwent
emergency pituitary surgery

Barraud NA due to worsening of visual Patient 3: LB at 36 NA
[82] field defects WG by CS
The third patient underwent
surgery after delivery
. . LB at term by VD Clinically well and able to
. Conservative treatment with . breastfeed
Bichard A hvd . h . d with forceps D . d
[83] N ydrocortisone, thyroxine, an following induced esmopressin an
desmopressin labor hydrocortisone requirements
were reduced
Initial conservative Central hypothyroidism and
Chan management with LB at 39 WG by VD gzs;l%fenagrlzirgtence of
Acute COVID-19 infection  corticosteroids under epidural P - .
[84] (dexamethasone) anesthesia secondary adrenal insufficiency
. (the patient did not undergo
TSS: 2 days after delivery : . .
cortisol stimulation test)
[S‘t;’] D o TSS (at 22 WG) LBat37 WGby CS  Hypothyroidism
N conﬁrrItJ'Le c% y No residual tumor
First presentation: Complete recover
LB at 36th week by Decrsased ituital?’ size on MRI
Geissler gestational DM during In both pregnancies: Cs after the firIth o rzlanc
oth pregnancies conservative steroid treatment econd presentation: o 3
[86] both pregnanci i id Second p i pregnancy
Normal pituitary function
LB at 34th week by . .
cs Lack of milk production
Kanneganti None Conservat}ve treatment with LB at term by CS NA
[87] hydrocortisone
Patient 1: DA treatment .. . Patient 1: LB at 36th
(terguride) before Initial conservative treatment week by CS
Kato . . with hydrocortisone, followed  Patient 2: LB at 34th ~ Complete recovery in all three
pregnancy (discontinued Y Y
[88] when pregnancy was by elective TSS after delivery week by CS cases
con firrlile c%) Y in all three cases Patient 3: LB at 37th
week by CS
LB at 28 WG by
premature VD due
Khaldi gestational DM Conservative management to premature Adrenal insufficiency and
89] DA (cabergoline) before with DA (bromocriptine) and rupture of central hypothyroidism
pregnancy hydrocortisone membranes Decrease in tumor size
Twins died on the
7th day of life
Patient 1: Resolution of
. ) symptoms
E;tgg t1: LB at term Patient 2: DI and
Patient2: LBby VD  LYPerprolactinemia
. Patient 3: Resolution of
Kuhn #it# HiHtH Patient 3: LB by VD headache, improvement of
[90] Patient4: LB at38th oo s Impre )
vision, and corticotropic
week by CS deficienc
Patient 5: LB at term . y .
by VD Patient 4: Resolution of
y symptoms and able to breastfeed
Patient 5: unable to breastfeed
Conservative treatment with #### Lack of lactation after
Ye None hvdrocortisone and LB at38 +1 WG by delivery
[91] Y Cs Regression of pituitary tumor

levothyroxine

Remission of symptoms
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Table 2. Cont.

Reference
(Name and Number)

Additional Risk Factors Treatment Delivery Maternal Outcome

Sedai

[92] None

Initially conservative

P Exit the 2nd T ti
treatment for eclampsia (initial xatus on the 2nd postoperative

diagnosis) Maternal exitus day . -
- . (Initially misdiagnosed as
Craniotomy—tumor resection .
eclampsia)

and hematoma evacuation

# Patient 1: The patient suffered from gestational DM and preeclampsia during previous pregnancies. Patient 2:
The patient received treatment with cabergoline since 13 WG due to rapid, more than 10-fold increase in prolactin
level. ## Patient was treated with cabergoline for 12 months before pregnancy. The patient suffered from an acute
ischemic stroke 10 days PP. ### Patient 1: DA (cabergoline) before pregnancy (discontinued when pregnancy
was confirmed). Patient 2: DA (bromocriptine) before pregnancy (discontinued when pregnancy was confirmed).
Patient 3: DA (cabergoline) before and between pregnancies (discontinued when pregnancy was confirmed in
all three pregnancies). Patient 4: type 1 DM, DA (cabergoline) before pregnancy (discontinued when pregnancy
was confirmed). Patient 5: previous PA and DA (cabergoline) before pregnancy. ### Patient 1: TSS (second
day after admission). Patient 2: Conservative treatment with hydrocortisone, LT4, desmopressin, and TSS
(5 months after delivery). Patient 3: Conservative treatment with hydrocortisone and cabergoline. Patient 4:
Conservative treatment with cabergoline. Patient 5: Conservative treatment with hydrocortisone and TSS (one
year after delivery). ##### The patient suffered from pituitary insufficiency due to PA and developed extrapontine
myelinolysis after sodium supplementation. Abbreviations: A = abortion; CS = cesarian section; DA = dopamine
agonist; DI = diabetes insipidus; DM = diabetes mellitus; G = gesta; LB = live birth; NFPA = non-functioning
pituitary adenoma; P = para; PA = pituitary apoplexy; PitNET = pituitary neuroendocrine tumor; PP = postpartum;
TSS = transsphenoidal surgery; VD = vaginal delivery; WG = weeks of gestation.

We identified three observational studies, of which two were retrospective [77,82]
and one was not [78]. Galvao et al. [77] published a retrospective analysis investigating
the consequences of pregnancy in patients with a previous diagnostic of a prolactinoma.
Overall, 33 out of the 35 women had lactotroph PitNETs diagnosed before pregnancy. The
majority of the patients stopped medical treatment within the 8th week of gestation (WG),
and no cases of malformations were reported. No significant progression of the underlying
disease was observed during pregnancy. In total, 2 out of the 35 patients developed PA
in pregnancy (28 WG and 25 WG). The first patient was treated conservatively, and the
second one was treated surgically. Both women were admitted for headaches and visual
disturbances. They had no previously diagnostic of a PitNET, and, thus, they did not
receive DAs before pregnancy. The surgically treated patient developed hypothyroidism
and DI [77].

The risk of pituitary adenoma enlargement is higher during pregnancy. Barraud
S et al. [82] published a retrospective study also following pregnancies in females with
lactotroph PitNETs and the associated risk of tumor growth. Overall, 85 pregnancies (46/85
were macroprolactinomas), in women who were treated with DAs before pregnancy, were
included. Adenoma growth and symptomatic tumor progression occurred in 19.6% of
cases. In total, 3/85 women had PA in pregnancy; none was under DAs. Emergency trans-
sphenoidal surgery (TSS) was performed in 2/3 females with PA due to vision anomalies
(within the 4th month and 36th WG) [82]

Lambert et al. [78] published a prospective study on 71 pregnant subjects with pitu-
itary tumors (49/71 macroprolactinoma, 16/71 non-functioning adenomas, 3/71 soma-
totropinoma, and 3/71-corticotropinoma). In the study, 2/71 subjects developed PA (one
with macroprolactinoma and the other with non-functioning pituitary adenoma), and they
were conservatively managed [78].

The largest cohort of consecutive PAs in pregnancy contains from three to five indi-
viduals/series [20,81,88,90]. Grand 'Maison et al. [20] introduced 4 PAs during pregnancy
and PP (one case was excluded due to previous publication by Couture et al. [64] in 2012,
and the fourth case is presented in the section regarding PA in PP and summarized in
Table 3) [20,64]. The remaining 2/4 cases, two females of 33 and 30 years of age, developed
PA at 39 WG and 20 WG, respectively, while being admitted for headache and visual distur-
bances. One of the patients had a history of prolactinoma and was treated with cabergoline
before pregnancy; DA was stopped within the first trimester, but it was restarted. One sub-
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ject associated high blood pressure and preeclampsia. Patients were treated conservatively,
and they delivered at term two healthy newborns [20].

Kato et al. [88] reported three PAs in pregnancy (median maternal age of 28 years).
One of the women was known to have lactotroph PitNET before pregnancy. The median
gestational age at the beginning of symptoms (headache and visual field defects) was
31 WG. The management was similar: a conservative approach amid pregnancy in 100%
of cases; the babies were delivered by caesarean section; after birth, all subjects suffered
TSS. The postoperative pathological examination confirmed 2/3 lactotroph PitNETs and
one plurihormonal PitNET (lactotroph and gonadotroph). After 3 months of follow-up, the
patients had no signs of hypopituitarism [88]

Kuhn et al. [90] identified five PAs in pregnancy (median maternal age of 26 years)
with a pre-gestational confirmation of lactotroph PitNETs. The median gestational age of
PA was 26 WG. Initially, conservative therapy was chosen, but one female underwent TSS
during pregnancy and another after delivery. As hormonal complications, we mention DI
(1/3), and adrenal insufficiency (1/3) [90].

Another series of three subjects was introduced by Jemel et al. [81]. The median
maternal age was 32 years, and one woman was diagnosed with a pituitary adenoma
before pregnancy. The median gestational age at the beginning of symptoms was 27 WG.
The management was different: while 2/3 had TSS, 1/3 had conservative therapy [81].

Overall, most data are provided from case reports rather than original studies specifi-
cally addressing pregnancies complicated with PA. The cited studies are observational and
retrospective. The majority of pituitary masses, if their type is known, were prolactinomas.
The enlargement of the mass is often reflected in the clinical presentation, specifically
with headache (followed by a heterogeneous spectrum of visual anomalies of different
degrees of severity), which is a common finding with the data we currently have on other
types of PA outside gestation. The specific medication for prolactinomas, as cabergoline or
bromocriptine, was stopped within the first weeks of pregnancy confirmation as generally
recommended. Most studies enrolled subjects within their third decade of life [20,64-92].

3.2. Patients’” Characteristics: Pregnancy Features

The age at the presentation of gestational PA ranged between 21 years [90] and
41 years [69] with an average age of 27.76 years. In total, 21/44 patients presented with
signs and symptoms of PA during the 3rd trimester [20,70-74,76,77,79-91], and 1 female
was admitted for PA during the first trimester [65] (the others presented during the second
trimester). The mean WG at presentation was 26.38, the earliest at 10 WG [65] and the
latest at 39 WG [20]. Most subjects (N = 9) were prim gravidae [20,65,70,73,76,80,81,87,89].
Moreover, one patient was nulliparous [85], one was primipara [77], one was P1 [88], two
were G2 [81,92], two were G3 [86,90], two were G5 [74,85], one patient was G6P3A2 [20], and
one was G6P4 [75]. A total of seven females had previous deliveries [20,74,75,81,84,88,90].

In total, 30/44 patients with data available regarding the method of delivery, 19/30 pa-
tients underwent a C-section (CS) [64,66,67,70,71,74,76,78,80,82,85-91], and 11/30 women
underwentvaginal delivery (VD) [20,65,69,73,83,84,89,90]. In addition, one subject underwent CS
in both of her pregnancies [86]. Furthermore, 32 /44 patients with data available regarding WG
at delivery, 25 underwent full-term delivery [20,64-67,69,71,73,74,76,79-81,83-85,87,88,90,91],
and 7 females are mentioned to have delivered preterm babies [70,82,86,88,89]. Notably,
one subject delivered preterm twins at 28 WG who died 7 days after birth [89].

3.3. Onset of PA in Pregnancy: Focus on Clinical Panel

The most frequent symptom that was found in almost all patients was headache;
only 2/44 females were headache free [88,90]. In the study of Barraud et al.’s [82]
patients, specific symptoms were unavailable [82]. Headache was described as “se-
vere” [20,70,71,73-76,80,81,90,91], “unbearable” [90], or with acute onset [20,71,81]. Simi-
larly, a pulsating character was reported by Geissler et al. [86]. A lack of response to anti-
pain treatment was also mentioned in two persons [79,91]. Chan et al., however, described
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a mild headache [84]. Localization of the pain varied: fronto-parietal, fronto-orbital, tempo-
ral, and occipital were all present, as well as irradiation to the forehead [70,74,81,86,87,92].
Headache was often accompanied by nausea and vomiting [20,64,74,81,83,86,87,91,92].
Projectile vomiting was also observed [92].

Other frequent symptoms were visual symptoms. Visual disturbances decreased
visual acuity [74,77,81,84,92], varying from visual blur [64,74,77,81] to the transient loss
of vision [74] and visual field defects [20,68,69,71,77,79,80,82,85,88,90], including hemi-
anopia [66,69,75,88,90] and unilateral vision loss [68,71,80,90]. Repetitive flashes of light
were also reported [86]. In terms of cranial nerve palsies, oculomotor nerve palsies, mani-
festing as ptosis [92]; anisocoria [83,84]; and diplopia [75] were observed. Another form
of presentation was transient DI as an initial symptom [90]; moreover, DI accompanied
headache, nausea, vomiting, and anisocoria [83]. Signs of meningism such as photo-
phobia [70,75,90] and neck stiffness [20] were reported too. Interestingly, in addition to
headache and visual disturbances, a 30-year-old patient presented at 37 WG with numbness
and weakness of the left side of the body. The author hypothesized that vasospasm of the
intracavernous carotid artery was the probable cause of this phenomenon. The patient was
treated with low-molecular-weight heparin. Following conservative management with
hydrocortisone, symptoms resolved, with the exception of blurred vision and persistent
hypocortisolism [74].

Even though most patients suffered a single episode of PA in pregnancy, Geissler et al.
reported a repeated PA episode during two of her pregnancies. The patient presented with
similar symptoms both times, with headache and visual disturbances at 34 WG and 32 WG,
respectively. She also suffered from gestational diabetes mellitus (DM) requiring insulin
therapy during both of her pregnancies. PA was conservatively approached each time. She
delivered healthy babies by CS at 36 and 34 WG but was unable to breastfeed [86].

The diagnosis of PA was established starting from clinical presentation, as mentioned.
A good multidisciplinary collaboration is required in this circumstance. The hormonal
panel is classical for newly onset hypopituitarism. It investigates each line of pituitary
hormones, mostly according to baseline blood assessment rather than using dynamic
tests during pregnancy. In addition to endocrine confirmation of central hypothyroidism,
adrenal insufficiency, and, in some cases, diabetes insipidus, the diagnosis also includes the
imaging scans that show distinct features of apoplexy, tumor remnants or even intact areas
of the pituitary gland [20,64-92].

3.4. Risk Factors for Developing PA in Pregnancy

Additional risk factors that have been identified are summarized in Tables 1 and 2 and
include treatment with DAs (15/44), gestational DM (N = 2), type 1 DM (N = 1), and acute
COVID-19 infection [20,84,86,89,90]; moreover, the case studied by Grand"Maison et al. [20]
suffered from both gestational DM and preeclampsia during previous pregnancies [20].
Overall, 15/44 females had previous treatment with DAs, as follows: 11/15 persons under-
went cabergoline treatment [20,69,73,76,81,85,89,90], 4/15 used bromocriptine [68,71,73,90],
and one woman was under terguride [88]. De Ycaza et al. [73] introduced a subject switch-
ing from bromocriptine to cabergoline due to side effects; when pregnancy was confirmed,
DA was stopped [73].

Another risk factor was anticoagulant therapy. For example, Watson V et al. [74]
reported the case of a 30-year-old woman, with an undiagnosed pituitary adenoma, who
underwent prophylactic treatment with low-molecular-weight heparin throughout preg-
nancy. She displayed severe headache and visual disturbance at 37 WG. A pituitary
hemorrhage was confirmed by MRI. The patient received conservative treatment with
hydrocortisone and delivered the baby at term by CS. On discharge, she was offered oral
hydrocortisone for persistent hypocortisolism [74].
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3.5. Differentiating PA in Pregnancy from Other Entities

The differential diagnosis of PA in pregnancy first starts from headache, as is this
case with, for example, eclampsia. The importance of differentiating between these con-
ditions is highlighted by Sedai et al. [92]. In their report, a 40-year-old woman presented
at 21 WG with headache, projectile vomiting, ptosis, decreased visual acuity, and altered
consciousness. The patient received conservative management for eclampsia at first, but
the progression of neurological deficits was consistent with further PA expansion of a pre-
viously undiagnosed PitNET. A craniotomy for tumor resection and hematoma evacuation
was performed with a fatal outcome in the second postoperative day [92]. This case further
emphasizes the importance of adequate management in PA. With regard to PA-associated
meningism in terms of photophobia and neck stiffness, a differentiation from meningitis is
necessary in these cases [20,70,75,90].

3.6. Conservative Management of PA Amid Pregnancy

Most patients (N = 29) received conservative management that included glucocorticoid sup-
plementation with hydrocortisone or dexamethasone (1 case), thyroid substitution (in 3 cases) in ad-
dition to DAs; the cases with DI required desmopressin [20,64,65,67,68,73,74,76-79,81,83,84,86-91].
Kanneganti et al. [87] reported a 26-year-old primigravida at 37 WG who was free of previ-
ous medical problems and developed headache and visual disturbance in pregnancy. A
pituitary MRI scan showed an enlarged pituitary gland with optic chiasma compression.
The patient was treated conservatively with hydrocortisone. She gave birth a week later by
cesarean section [87].

Cases with prolactinomas developing PA in pregnancy seem the most frequent with
regard to the type of PitNET. Chegour et al. [68] reported PA in a 29-year-old woman
with a macroprolactinoma unconfirmed before pregnancy, who received treatment with
bromocriptine for hyperprolactinemia of uninvestigated etiology. At 19 WG, she presented
with headache and visual disturbances due to PA, and she was conservatively managed
with cabergoline leading to the complete regression of the visual symptoms [68]. Another
interesting case history was reported by Couture et al. [64]: a 37-year-old female with a
known lactotroph PitNET larger than 1 cm was treated with cabergoline before pregnancy.
At 16 WG, she presented with headache, nausea, vomiting, and blurred vision, and MRI
confirmed PA. Cabergoline treatment was resumed, resulting in regression of the pituitary
mass after 5 weeks. Her pregnancy ended successfully at 38 WG with delivery by CS [64].
Annamalai et al. [76] reported a 25-year-old individual with a known macroprolactinoma
treated with cabergoline; at 37 WG, she complained of headache, and MRI confirmed PA.
She was offered hydrocortisone and resumed cabergoline. Two days after admission, the
patient delivered a healthy baby by cesarean section. After 4 months of follow-up, the
complete resolution of the pituitary adenoma was registered [76]. De Ycaza et al. [73]
introduced a young female with a known macroprolactinoma treated with cabergoline
that experienced headache at 28 WG confirmed with MRI as being PA. Cabergoline was
resumed, and then she gave birth vaginally at term; 1 year later, the tumor was less
than 1 cm, and substitution with hydrocortisone was stopped [73]. Additionally, Janssen
et al. [65] reported a woman with a lactotroph PitNET larger than 1 cm who received
treatment with bromocriptine until pregnancy was confirmed. At 10 WG, she developed
PA, and bromocriptine was resumed in association with hydrocortisone and L-thyroxine
replacement. She gave birth vaginally at 40 WG [65].

3.7. Surgical Management in PA Amid Pregnancy

We have data concerning 22 females who underwent TSS for tumor resection, either
as an initial measure (N = 10) [66,69-71,75,77,82,85,90], following conservative treatment
(N =4) [67,79,81], or electively after birth (N = 8) [80,82,84,88,90]. The endoscopic surgery
was necessary in cases associated with acute nerve compression. TSS was performed
as an initial measure or following conservative treatment in selected cases due to the



J. Clin. Med. 2023, 12, 3416

14 of 26

persistence or worsening of visual defects [69,71,75,77,79,81,82,85,90] or the deterioration
of their neurological condition [77].

Hayes et al. [69] reported a case of pituitary hemorrhage and compression of the optic
nerve and chiasma. After corticosteroid treatment, the patient underwent TSS due to visual
decline. She vaginally delivered a healthy boy at term. No hormonal deficits were detected,
and, at 14 months after birth, the patient remained well [69]. Oguz et al. [85] reported a
26-year-old female diagnosed with prolactinoma 2 years prior to pregnancy. She presented
at 22 WG with headache, nausea, and visual disturbance. After 8 days of admission, TSS
was performed due to the persistence of visual symptoms. She delivered in good condition
at 37 WG. Eight months after delivery, she was still treated with levothyroxine [85]. O’Neal
et al. [79] reported a case of undiagnosed pituitary microadenoma in which the female
had headache and visual disturbances at 29 WG. MRI showed an expanded pituitary
with compression of the optic chiasma. Two days after admission she underwent TSS.
She delivered at term a healthy boy. She also developed DI after surgery [79]. Abraham
et al. [75] reported a spontaneous PA in pregnancy with sensory loss. The patient, a 32-year-
old, developed headache, photophobia, and right-sided numbness at 23 WG. Emergency
surgery was performed with decompression of the optic nerve. She developed DI on
the second postoperative day, requiring desmopressin [75]. In another case, a 27-year-
old female received the first diagnosis of prolactinoma at 19 WG and bromocriptine was
administrated. At 36 WG, she had headache and acute vision loss in the left eye with
MRI confirmation of a hemorrhagic pituitary mass of 2.1 cm maximum diameter with
optic chiasm compression. The patient underwent TSS with good postoperative course. A
cesarian section was performed, and a healthy baby was born. At follow-up, MRI showed
the complete resolution of tumor [71].

In other studies, pituitary surgery was performed PP (N =9) [70,80,82,84,88,90], dur-
ing the second trimester (N = 9) [66,67,69,75,77,81,82,85], and during the third trimester
(N =4)[71,79,82,90]. As mentioned, a craniotomy was the alternative to TSS when a fatal
outcome might be found [92].

3.8. PitNET Analysis

Overall, 18/44 patients had a pituitary adenoma undiagnosed before pregnancy,
and 21 patients had a known pituitary adenoma (please see Tables 1 and 2). However,
three studies included only patients with known pituitary adenomas, and some of them
further developed PA [77,78,82]. Notably, one female was diagnosed during pregnancy
with a pituitary adenoma and developed PA later during pregnancy [71]. Even though
almost all patients had pituitary adenomas, one patient developed PA due to pituitary
hyperplasia, without adenoma [20], and in another case, no pituitary adenoma was found
at all [75]. Most pituitary adenomas were lactotroph PitNETs (N = 26), while one patient
had a lacto-gonadotroph PitNET [88], and a non-functional adenoma was present in three
subjects [66,78,81]. Out of lactotroph tumors, the majority (N = 16) were larger than 1 cm,
while one prolactinoma was giant, measuring 4.5 cm maximum diameter [89].

3.9. Outcome of PA in Pregnancy

Most patients experienced the post-PA resolution of symptoms. Seven patients experienced
a decrease in tumor size, and four had no residual tumor [64,67,68,85]. Following PA, some pa-
tients developed hormonal deficits, including corticotropic deficiency [65,74,83,84,89,90], central
hypothyroidism [70,77,84,85,89], hypogonadism [84], persistent DI [66,77,79,83,90], or transient
DI [71,75], while at least eight patients had normal pituitary function [20,67,69,75,76,80,86].

Moreover, Ye et al. [91] published a case of PA associated with extra-pontine myeli-
nolysis in pregnancy at 32 WG with no previously known pituitary adenoma and that
presented with vomiting. The laboratory analysis showed hyponatremia, so the patient
received sodium repletion. She developed aphasia and hemiplegia the next day. MRI
showed PA and abnormal signals in some areas that suggested extra-pontine myelinolysis.
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The patient received treatment with hydrocortisone and levothyroxine. She gave birth at
38 WG (CS) to a healthy baby [91].

A fatal outcome of the newborn was reported by Khaldi et al. on a case of a giant
prolactinoma complicated with PA in pregnancy. The subject was treated with cabergoline
and surgery and presented at 22 WG with symptoms of PA. She received treatment with
bromocriptine and hydrocortisone. She developed corticotropic and thyrotrophic insuf-
ficiency. Unfortunately, she gave birth prematurely at 28 WG to twins who died on the
7th day of life [89]. In another study, a fatal maternal outcome was reported following a
craniotomy for PA at 21 WG [92].

Regarding breastfeeding in females who experienced PA in pregnancy, we have the
data on three patients who were unable to breastfeed [86,90,91], while one patient was able
to breastfeed for only 2 weeks [69]. Two patients were able to have an uneventful second
pregnancy following PA amid previous gestation [20,73].

3.10. PA during PP

Six cases of PA in PP state were identified during our search [20,93-97]. The findings
are summarized in (Table 3; one study being also cited in Tables 1 and 2—please see
reference [20]).

The mean age of patients who suffered PA in PP was 33 years. Three patients were in
their second pregnancies, two patients were prim gravidae [93,95-97], and one female was
G4P1A3 [20]. Overall, 4/6 individuals had CS, 2/6 had VD (including one that was home-
conducted) [20,93-97]. The timing of symptoms was as early as 5 min after delivery [93]
and as late as 12 days after delivery [95], including 3/6 females with PA 2 days following
delivery [94,96,97].

All patients presented headache as the main symptom, which was described as severe
(2/6); throbbing/pulsatile (2/6); either frontal (1/6), frontotemporal (1/6), or occipital
(1/6); and accompanied by eye pain (1/6), nausea (3/6), and vomiting (1/6). In the case of
Mathur et al.’s patient, headache persisted over the course of 48 h without remission after
treatment with paracetamol [93]. Visual symptoms (N = 3) included a decrease in visual
acuity, diplopia, ptosis, and anisocoria. Photophobia (N = 1), fever (N = 1), polyuria and
polydipsia (N = 2), and the inability to lactate (N = 1) were also identified. Raina S et al. [94]
presented a case of PA in PP associated with isolated third cranial nerve palsy; the patient
had a history of PP hemorrhage following a full-term home-conducted vaginal delivery.
On the second day of admission, she complained of blurred vision, headache, and diplopia.
Ptosis on the right side was also noted. MRI established the diagnosis of PA. She started
thyroid hormone replacement therapy along with oral hydrocortisone. During follow-up,
the subject had a full recovery with the normalization of thyroid function [94].

In one study, 5/6 subjects had no underlying pituitary adenoma [20,93-96]. Pop et al.
reported a non-functioning large pituitary adenoma of 3.3 x 1.05 x 1.55 cm that was
undiagnosed before pregnancy [97].
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Table 3. Characteristics, clinical presentation, management, and outcome of patients with pituitary apoplexy during PP [20,93-97].

Reference (Name, ‘1 . Preexisting
Number, and Year  Type of Study  Population Gra.v1d1ty and Days at P.P on Clinical . Pituitary Treatment Delivery Maternal Other
of Publication) Parity Presentation Presentation Lesion Outcome
Persistent Normal
headache for 48 h ituitar
following CS with Conservative priuttary Ten days after
Mathur 34-year-old inal anesthesia ~ No pituit t function PA the patient
[93] Casereport ¢ V070 G2P1 5 min PP PN e nen LB by CS Pituitary doveloma <l
2014 emale (with onset 5min ~ adenoma with ora enlargement evelope
after delivery) hydrocortisone di h RCVS
Nausea a }acent to the
Transient DI chiasma
Four cases of PA Adrenal .
. . . The patient
related to Conservative insufficiency for also suffered
Grand’Maison pregnancy, of - management 7 months
[20] Case series which one, a G4P1A3 6 h PP Headache and No pituitary with cortisol LB at ?)6 WGby post-partum, from type 1
unable to lactate mass VD with forceps .- DM and
2015 40-year-old supplementa- GH deficiency, .
. . primary hy-
female, was of tion and atrophic thyroidi
PA during PP pituitary gland pothyroidism
Conservative
management
with
. Headache hydrocortisone Complete The patient
Raina 27-year-old Blurred vision No pituitary 50 mg 6 times LB by VD recovery and suffered from
[94] Case report G2 2 days PP . (home- :
2015 female Ptosis adenoma hourly ducted) normalized pp
Diplopia Thyroid conducte thyroid function = hemorrhage
hormone
replacement
therapy
Occipital
Dias 37-vear-old headache No pituitar Conservative
[95] Case report Y G2 12 days PP Nausea P y (NSAIDsand IV LBattermby CS  Hypothyroidism
female ot adenoma -
2021 Vomiting fluids)
Fever
Right facial Complete The patient
Hoang e paralysis - recovery also suffered
[96] Case report 34-year-old primigravida 2 days PP Headache No pituitary Conservative LB at38thby CS Normal from a
female - adenoma i
2022 Eye pain pituitary subdural
Blurred vision function hematoma
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Table 3. Cont.

Reference (Name, ‘1. - Preexisting
Number, and Year  Type of Study  Population Gra.v1d1ty and Days at P.P on Clinical . Pituitary Treatment Delivery Maternal Other
S, Parity Presentation Presentation . Outcome

of Publication) Lesion
Headache -,
Nausea NEPA 0f 3.3 x ircl)lrtlsill'vative S:;rrlglls;cal

Pop 26-year-old I3)11::10 E?S:izll)lr?erve xlfji)fh:ui.SS o management recovery at

[97] Case report Y primigravida 48 h PP . . with LB at40thby CS 2 years

female palsy: left ptosis compression on

2022 and anisocoria the optic dexamethasone follow-up: HRT
Polyuria and chiasma and LT4 f01.r pa.nhypopl-
polydipsia TSS tuitarism

Abbreviations: A = abortion; NSAID = nonsteroidal anti-inflammatory drug; CS = cesarian section; DI = diabetes insipidus; DM = diabetes mellitus; G = gesta; GH = growth
hormone; HRT = hormone replacement treatment; IV = intravenous; LB = live birth; NFPA = non-functioning pituitary adenoma; P = para; PA = pituitary apoplexy; PP = postpartum;
RCVS = reversible cerebral vasoconstrictive syndrome; TSS = trans-sphenoidal surgery; VD = vaginal delivery; WG = weeks of gestation.
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Two patients associated additional risk factors: type 1 diabetes [20] and postpartum
hemorrhage [94]. A co-morbidity in terms of subdural hematoma is reported by Hoang
et al. [96], in which a 34-year-old subject experienced PA in PP and subdural hematoma
following epidural anesthesia. She delivered by CS at 38 WG, and 2 days after delivery,
she showed signs of right facial paralysis, which was associated with headaches, eye
pain, and blurred vision. MRI confirmed PA and a left frontal subdural hematoma. PA
was conservatively approached followed by a full recovery within 1 year [96]. Another
incidental event is reversible cerebral vasoconstrictive syndrome (RCVS). Mathur et al. [93]
reported a 34-year-old female who developed PA after an emergency CS under spinal
anesthesia. She had severe PP headache and neurologic deficits. MRI showed PA. DI
developed after 48 h. She was managed conservatively with oral hydrocortisone in order to
prevent secondary adrenal insufficiency. Ten days following PA, the persistent headache led
to the identification of a new subarachnoid hemorrhage on MRI; she was further confirmed
with reversible cerebral vasoconstrictive syndrome. Twenty months after the event, she did
not require any hormone replacement therapy, but the MRI showed the enlargement of the
pituitary bordering the optic chiasm [93].

Overall, 5/6 patients were managed conservatively [20,93-96], and 1/6 underwent
TSS [97]. The conservative treatment consisted of vital sign monitoring, airway support,
nutritional support, glucocorticoids supplementation, fluid, and electrolyte replacement,
as well as non-steroidal anti-inflammatory drugs [20,93-96]. The patient of Pop et al.
underwent TSS following initial conservative management due to deteriorating conscious-
ness [97].

Pituitary function recovered and remained normal at the latest follow-up in three of
the six patients [93,94,96], while the other three subjects required therapy for hypopitu-
itarism [20,95,97].

In the case of Mathur et al.’s patient, a differential diagnosis of headache included
multiple conditions: this is a 34-year-old female who underwent CS under spinal anesthesia
and received a bolus of oxytocin at delivery. The patient complained of persistent headache
over the course of 48 h after delivery. MRI scans were performed and showed pituitary
hemorrhage. Both spinal anesthesia and oxytocin bolus may cause headache in PP, therefore
complicating the differential diagnosis of PA [93].

Overall, a negative outcome concerning the newborn was reported in one twin preg-
nancy within the seventh day after birth [89]. PA in pregnancy caused premature babies
in some cases [70,82,86,88]. Peripartum data suggested PA onset a few hours following
domestic birth (after 36 weeks of gestation) [20] or a few days [94]. The confirmation of PA
in pregnant females required an emergency cesarean section due to visual field progressive
anomalies [82]. However, since PA is typically diagnosed in advanced pregnancies, data on
healthy living are specifically provided in 29 reports [20,69-71,73,74,76,77,79,61-90,92-98].

4. Discussions

Our case-sample-based analysis followed 35 original publications: 7 studies (selected
cases on PA from larger cohorts that included 22 women), and 28 case reports (1 pa-
tient/article, N = 28); thus, a total of 50 subjects were considered (44 with PA in pregnancy
and 6 with PA diagnosed after delivery). We noticed that the original studies were of small
sample sizes (the highest number of females with the actual diagnosis of PA was 5), and
the studies addressed different issues of PitNETs outside PA (the largest cohorts consisted
of 35, 46, and 71 patients with PitNETs). Notably, we used the terms of “case series” or
“study” in a table according to the original publication, but our final report, as introduced
below, takes into consideration 28 case reports (1 female/paper) and 7 non-case reports
(2-5 females/paper) that specifically refer to PA (Figure 2).
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Figure 2. Timeline diagram of studies regarding PA in pregnancy according to our analysis [20,64-97].
Abbreviations: CR = case report; N = number of patients; OS = original study.

4.1. Integrating PA in Pregnancy and PP to the Larger Frame of PAs

The growth of pituitary tumors, especially lactotroph tumors, during pregnancy, as
well as pituitary hypertrophy, increases the risk of PA in gestation. The low number of
cases found between 2012 and 2022, however, suggests the rarity of the disease. The
clinical presentation of patients with PA in pregnancy and PP is similar to the clinical
presentation of non-pregnant patients with PA with sudden and severe headache; nausea
and vomiting; visual disturbances including a decrease in visual acuity; and signs and
symptoms of cranial nerve palsies such as visual field defects, ptosis, anisocoria, and
diplopia [14,39,98-102]. Presentation with hypocortisolism occurred in one of the patients
with PA in pregnancy [91].

We also observed DI as an initial presentation in patients with PA during pregnancy
and PP [83,93,97]. The manifestation of DI during pregnancy ranges from the exacerba-
tion of pre-existing central or nephrogenic DI to pregnancy-induced transient DI due to
the increased metabolism of the antidiuretic hormone vasopressin (AVP) by placental
vasopressinase [12,99,103-105].

We mentioned that many patients present during pregnancy or PP with PA as the initial
symptom of a previously undiagnosed PitNET. In patients with known pituitary tumors,
the most frequent type was lactotroph PitNET. Additional risk factors are gestational and
type 1 DM, while pre-gestation treatment with DA was discontinued at the moment of
pregnancy confirmation. The majority of prolactinomas were macroadenomas; thus, it
could be hypothesized that the tumor size may increase the risk of PA in pregnancy.

The management of PA is similar to that of non-pregnant patients. Most patients were
treated conservatively, while surgery was reserved for cases with persistent and evolving
visual disturbances or altered consciousness. The TSS was preferred in all postpartum cases
except for one [92].

Generally, the maternal-fetal outcomes are favorable. Hormonal deficits are relatively
frequent, and they include hypocortisolism, hypothyroidism, and sometimes hypogo-
nadism or growth hormone deficits. One noticeable postoperative complication observed
in patients with PA in pregnancy that underwent surgery was DI, either transient or per-
sistent [66,71,77,79]. No case of neonatal abnormalities and congenital malformation were
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observed. We still do not have long-term surveillance studies of children born from mothers
who experienced PA in pregnancy or PP.

As seen outside pregnancy, the differential diagnosis of headache is crucial in estab-
lishing an adequate diagnosis. PA in pregnancy may mimic a series of conditions including
eclampsia [92], meningitis due to photophobia [70,75,90], and nuchal rigidity [20]. In the
PP, a differential diagnosis includes anesthesia and ocytocin bolus [93]. Another condition
associated with headache was RCVS (N = 1) [93]. RCVS is a condition accompanied by
the constriction of cerebral arteries, manifesting with headaches and possible neurological
deficits. Its frequency is higher during PP. Its resolution is spontaneous, but it may lead to
subarachnoid hemorrhage and even hemorrhagic or ischemic strokes [98,106-108].

Due to the gravity of the aforementioned conditions, differential diagnoses and prompt
and proper treatment are essential, as illustrated by one case with an initial misdiagnosis
that led to a delay in identifying and treating PA and, finally, to exitus [92].

4.2. PA in Pregnancy versus Postpartum

As expected, we found more cases of PA in pregnancy than postpartum (44 versus
6 individuals). PA during pregnancy and PP share a similar clinical presentation with
headaches of similar patterns and localizations accompanied by not only nausea and
vomiting but also visual symptoms including a decrease in visual acuity, visual field defects,
diplopia, and anisocoria. Ptosis was observed only in one patient suffering from PA during
PP [97], and it was observed in pregnancy-associated PA. Further clinical similarities include
photophobia, polyuria, and polydipsia and lack/difficulties of lactation [20,86,90,91]. In
terms of underlying conditions, prolactinomas are most important for PA in pregnancy,
while 5/6 patients suffering from PA during PP had no pituitary adenoma; however,
the analysis remains at case report levels [20,93-96]. Similar risk factors such as type 1
diabetes are commonly listed too [20,90]. Most patients received conservative treatment
both in pregnancy and PP. During pregnancy, TSS was performed due to the persistence
or worsening of visual symptoms [69,71,75,77,79,81,82,85,90], while in PP, TSS (N = 1) was
performed due to a decrease in consciousness [97]. Outcomes in these cases were similar.
Notably, DI was reported only in relation to PA during gestation [66,71,77,79]. (Table 4).

Table 4. Synthesis of the most important results according to our analysis.

Parameter Outcome
reviewed period 2012-2022
number of original studies 35
number of observational studies 7
case series 4
case reports 28
total number of patients with PA 49
PA in pregnancy/postpartum ratio 43/6
PA in pregnancy: age ranges 21-41 years
mean age at PA diagnostic in pregnancy 27.76 years
presentation during third trimester 21/43
average week of gestation 26.38
cesarean section 19/30

- dopamine agonists 15/43
pre-pregnancy medication terguride (1/43)
conservative approach 29/43

trans-sphenoidal surgery

number of patients with pituitary tumor not diagnosed before surgery

type of pituitary tumors
PA in postpartum: mean age at diagnosis

rate of PA in postpartum after second pregnancy

timing (after delivery) of PA

rate of persistent hypopituitarism after PA in postpartum

22/43 (10/22 neurosurgery as initial approach)
18/43

prolactinomas (26/43)

33 years

50%

5 min-12 days

50%

Abbreviations: PA = pituitary apoplexy.
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4.3. Integrating PA Amid Other Endocrine Complications of Pregnancy

Generally, despite a low level of statistical evidence, PA in pregnancy remains a key ele-
ment of the endocrine conditions that require particular intervention amid gestation, which
involve the thyroid, adrenal, and pituitary glands [57,109-111]. Moreover, PA in pregnancy
is one of the causes of acquired hypopituitarism in females during gestation [112]. For
instance, Bichard et al. [83] reported the case of a 29-year-old woman developing headache,
nausea, vomiting, and polyuria at 30 WG. MRI confirmed PA. She experienced panhy-
popituitarism, requiring hydrocortisone, levothyroxine, and desmopressin [83]. Another
example was published by Pop et al. [97]: A 26-year-old female underwent CS. Forty-eight
hours later, she complained of headache, photophobia, and nausea, and MRI confirmed
a pituitary tumor of more than 3 cm, the largest diameter without compression, on the
optic chiasma. On the 8th day after giving birth, she developed panhypopituitarism. Ini-
tially, she received conservative treatment, but due to deteriorating consciousness, surgical
decompression was performed. At the 2-year follow-up, the patient remained on levothy-
roxine, prednisone, and estrogen—progestin replacement therapy [97]. Pregnancy-related
hypophysitis is another cause of gestation-related pituitary insufficiency, and a recent
retrospective analysis identified 148 of such published cases [112]. Additionally, Sheehan
syndrome leads to hypopituitarism after a post-partum dramatic event, such as a hemor-
rhage, due to an obstetric event, and it should be differentiated from PA in PP [34,113-115].
Notably, PA in PP and Sheehan syndrome might be found in women who were otherwise
healthy, thus displaying a low index of clinical suspicion [34,113-115].

4.4. COVID-19 Infection Associated with PA

Chan JL et al. [84] reported a case of a pregnant woman with PA suffering from SARS-
CoV-2 infection. The patient presented at 38 WG with visual disturbance and headache.
MRI showed a previously undiagnosed pituitary tumor with acute hemorrhage. She
received conservative treatment with dexamethasone and gave birth to a healthy baby at
39 WG by VD. Two days later, TSS was performed. Two months further on, she still had
hypothyroidism, hypogonadism, and hypocortisolism requiring hormonal substitution.
It remains unclear whether the SARS-CoV-2 infection was a factor leading to PA or a
mere coincidence [84]. However, we already know that COVID-19 infection is a new
trigger for many conditions, during pregnancy or not, which are located at different
organs and systems, and further evidence on coronavirus-associated PA is expected to be
published [116-120].

5. Conclusions

PA in pregnancy is a rare, life-threatening condition. Most patients presenting with PA
are primigravidae in the second or third trimester. Headache is the most frequent presenta-
tion, and its prompt distinction from other conditions associated with headache, such as
preeclampsia and meningitis, is essential. The index of suspicion should be high, especially
in patients with additional risk factors such as pre-gestation treatment with dopamine
agonists, diabetes mellitus, anticoagulation therapy or large pituitary tumors. PA man-
agement is conservative in most cases, and it mainly includes corticosteroid substitution
and dopamine agonists. The most frequent surgical indication is neuro-ophthalmological
deterioration, although the actual risk of pituitary surgery during pregnancy remains
unknown. PA in PP is exceptionally reported. To our knowledge, this sample—case series
study is the largest of its kind that is meant to increase the awareness to the benefit of the
maternal—fetal outcomes.
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