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Abstract

Background Frailty is a state of physiological vulnerability rendering patients susceptible to adverse perioperative outcomes
after neurosurgery. The effect of frailty on surgical success and complication rates in patients undergoing transsphenoidal
pituitary surgery is unclear.

Methods A systematic review of the literature was performed in accordance with the PRISMA statement. Studies that utilised
validated metrics to report the effect of frailty on pituitary surgery were included.

Results A total of 13 studies were included, comprising 124,989 patients. Frailty was exclusively assessed with cumulative
deficit metrics, however there was significant heterogeneity in patient population, frailty definitions and assessment, and
outcomes. Frail patients undergoing transsphenoidal surgery experienced higher rates of medical complications, resulting in
longer hospital stays, greater hospitalisation costs, higher rates of unplanned readmission, more discharges to a destination
other than home, and increased mortality. These outcomes directly correlated with increasing degrees of frailty. Surgical
outcomes were not affected by frailty, with similar rates of biochemical remission, visual recovery, and improvement in
quality of life.

Conclusion Frailty is seen in a minority of patients undergoing pituitary surgery, but is an important indicator of perioperative
risk. Frailty assessment should not be used as a reason to withhold surgery, but rather to predict and mitigate perioperative
complications to improve outcomes in pituitary surgery.
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Introduction

Frailty is a state of physiological vulnerability rendering
patients susceptible to adverse perioperative outcomes.
Department of Surgery, Monash University, Melbourne, Distinct from aging, this reduced tolerance to stress has
Australia consistently correlated with perioperative morbidity in large
neurosurgical cohorts[1, 2]. Whether frailty has the same
effect on postoperative outcomes in patients undergoing
transsphenoidal surgery is unclear. The transsphenoidal
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approach is the preferred surgical corridor for sellar and
many parasellar tumours, and has a favourable morbidity
profile[3, 4]. Here, we review the literature on frailty
assessment in pituitary surgery, establishing its role in
prospective identification of at-risk patients to guide patient
selection, surgical decision making, and postoperative care.
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A primer on frailty definitions

Frailty is a syndrome characterised by diminished endur-
ance, strength, homeostatic capabilities, and physiological
reserve that increases vulnerability for developing depend-
ency and adverse health outcomes[5]. The conceptualisa-
tion and operationalisation of frailty is to define physiolog-
ical vulnerability that is not captured by disease diagnoses
or chronological age[6]. Clinically, the frailty phenotype
is defined by unintentional weight loss, sarcopenia, weak-
ness, slowness, exhaustion, poor endurance, and physical
inactivity[7]. Although this phenotypic definition is iden-
tifiable in an individual patient, the need for objective,
reproducible assessment in large cohorts led to the paral-
lel characterisation of frailty as an accumulation of medi-
cal comorbidities, the cumulative deficit model or frailty
index[8—10]. This approach defines frailty as a stochas-
tic accumulation of structural and functional defects in
a range of physiological systems, and operationalises it
as a simple tally of these deficits[11]. Cumulative deficit
models predominate in the neurosurgical literature[12],
presumably because their components are readily extract-
able from electronic records and thus can be implemented
widely and retrospectively. The literature lacks consen-
sus as to the optimal definitions, metrics, and cutoffs to
characterise frailty. Regardless of the definition used, frail
patients experience worse perioperative outcomes and
greater mortality[13—15].

Methods

A systematic search of the literature was conducted using
the Medline and PubMed databases in accordance with
the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) statement[16]. All studies from
database inception until November 2024 were queried
using the search string:

(Frail* OR frailty/ OR geriatric*) AND (Pituitary Dis-
eases/ OR Pituitary ACTH Hypersecretion/ OR ACTH-
Secreting Pituitary Adenoma/ OR Pituitary Apoplexy/
OR Growth Hormone-Secreting Pituitary Adenoma/ OR
Pituitary OR Pituitary Neoplasms/ OR acromegaly/ OR
Cushing* disease OR transsphenoidal OR endonasal).

Exclusion criteria were single case reports, studies
published in languages other than English, and studies
where data specific to pituitary pathology could not be
isolated. The references of included studies were also
hand-searched to identify additional eligible studies.

After title and abstract review, full-text review was per-
formed in appropriate studies to determine suitability for

@ Springer

inclusion by a reviewer (MCK) and confirmed by a sec-
ond reviewer. Inclusion criteria were defined as: 1. Trials,
prospective and retrospective cohort studies that report
the outcomes of patients undergoing surgery for pathol-
ogy related to the pituitary gland and sellar region; 2. Use
of a validated frailty metric to identify or grade frailty
within the patient population. 3. Comparison of outcomes
between frail and non-frail groups.

Included studies underwent independent data extraction
including study year, study size, surgical technique, frailty
metric, definition of frailty, and outcomes.

Results

In total, 13 studies were identified from the systematic lit-
erature search (Supplementary Fig. 1), comprising 124,989
patients (Tables 1 and 2). The literature consisted mostly of
retrospective studies (11/13, 85%). The majority of these
(8/11, 73%) were analyses of large American multi-institu-
tion perioperative databases: The National Surgical Quality
Improvement Program (NSQIP)[17-21], National Readmis-
sion Database (NRD)[22], and the National (Nationwide)
Inpatient Sample (NIS)[23, 24]. Prospective studies were
infrequent (2/13, 15%) and represented a relatively small
proportion of the overall literature (n=364). Pathology
included pituitary adenomas (neuroendocrine tumours) and
parasellar tumours including craniopharyngiomas and men-
ingiomas but were often not specifically reported. There was
significant heterogeneity in patient population, method of
assessing frailty, cutoffs for defining frailty, and outcome
assessment. Overall, studies were at high risk of bias.

Frailty was measured with several metrics across included
studies (Supplementary Data 2):

e Metrics based on accumulated comorbidities: 5 Factor
Modified Frailty Index (mFI-5) [8], 11 Factor Modified
Frailty Index (mFI-11) [9], Hospital Frailty Risk Score
(HFRS) [10], Charlson Comorbidity Index (CCI) [25]

e Metrics based on the presence of specific “frailty defin-
ing” disease states: Johns Hopkins Adjusted Clinical
Groups frailty defining illnesses (ACG) [26]

e Metrics based on a combination of functional status and
accumulated comorbidities: Risk Analysis Index — Clini-
cal (prospective) (RAI-C) [27], Risk Analysis Index —
Administrative (retrospective) (RAI-A) [27].

Cumulative deficit models were used in all studies.
The Modified Frailty Index (mFI) was the most common
cumulative deficit metric (69%, 9/13) (mFI-5=46%, 6/13;
mFI-11=31%, 4/13), followed by the CCI (23%, 3/13),
and HFRS (8%, 1/13). The ACG was used in a single
study (8%, 1/13) and defines frailty by the presence of
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Table 1 — Characteristics of studies assessing frailty in patients undergoing pituitary surgery

Author (Year) Study Type N Age (Frail vs Not) Pathology Surgical Technique Frailty Metric
Asemota (2020) Retro database 115,317 57+17yvs52+16 NR TS (NOS) ACG
(p<0.01)
Castle-Kirszbaum Pros cohort 304 58+ 15y vs 53+ 17y PA (mixed function- ETS mFI-5, mFI-11, CCI
(2021) (p=0.05) ing and NFPA) Frail—mFI-5>2
Findlay (2024) Retro cohort 318 49+ 12y vs 40+ 14y CD ETS and MTS mFI-5, mFI-11, RAI-A
(p<0.01) Frail—mFI-11>4;
Managing well—
mFI-11=2-3
Khalafallah (2020) Retro cohort 234 NR PA (mixed function- ETS mFI-5
ing and NFPA) No cutoff
Kshirsager (2024) Retro cohort 88 NR Suprasellar (men- ETS mFI-5, CCI
ingioma, crani- Frail—mFI-5> 1
opharyngioma, PA,
RCO)
Marquez (2023) Pros cohort (LTTE) 60 NR PA (NOS) ETS RAI-C
Martin (2022) Retro database 1926 60+ 12 vs47+15 NR ETS and MTS mFI-5
(p<0.01) Groups mFI=0, 1,
2-5
Nguyen (2021) Retro database 993 60+13 vs 53 +15 NR MTS mFI-11
(p<0.01) Frail - mFI-11>2
Peterson (2022) Retro database 1415 43+22 vs 38 +22 Craniopharyngioma NR HFRS
(p=0.01) Low risk =0-5, inter-
mediate risk 6-15
High risk> 15
Shahrestani (2021)  Reto database 746 63.7 vs 62.5 (aged PA (mixed function- ETS and MTS ACG
matched) ing and NFPA)
Sukys (2022) Retro database 680 NR NR ETS mFI-11, CCI
Groups mFI-11=0, 1,
2,>3
Thommen (2022) Retro database 1454 NR PA (NOS) TS and TC mFI-5
Groups mFI=0, 1,
2,>3
Varela (2024) Retro database 1454 NR PA (NOS) TS and TC mFI-5, RAI-A

Groups mFI=0, 1,
2,23

Groups RAI-A= <10,
11-20, 21-30,>31

TC Transcranial, TS(NOS) Transsphenoidal not otherwise specified, ETS Endoscopic transsphenoidal, MTS Microscopic transsphenoidal,
Retro Retrospective, prosProspective, PAPituitary adenoma, RCCRathke Cleft cyst, LTTE Letter to the editor, HFRS Hospital Frailty
Risk Score, Johns Hopkins ACG Adjusted Clinical Groups

one of more “frailty defining” illnesses, while the RAI
combines accumulated comorbidities and phenotypic frailty
assessment, including nutrition, mobility and functional
status, and was used in three studies (23%, 3/13).

Frailty was variably graded across studies, including
binary (presence or absence) (5/13, 38%), ordinal (6/13,
47%), and continuous (2/13, 15%) definitions. Cutoffs
for binary and ordinal groups using the same metrics
differed between studies[18, 28, 29]. In large pituitary
surgery database studies, 1-2% of patients were considered
frail[23]. Frailty scores were higher in Cushing’s disease
and acromegaly compared to prolactinoma and non-
functioning adenomas[30], with frailty seen in up to 42% of

Cushing’s disease and 16% of acromegaly, compared to 8%
of non-functioning tumours[28]. There was good correlation
between different frailty metrics when used in the same
cohort[31].

Hospital length of stay (LOS) was longer in frail
patients[17, 18, 22-24, 31], with greater degrees of frailty
correlating to longer length of stay[20, 30]. In the largest
study, LOS was twice as long for frail patients (9.3 + 14
vs 4.5+ 5 days, p<0.001) (Mean + SD)[23].. Preoperative
functional status was the strongest predictive component
of admission duration within frailty metrics[31]. The
RAI-A was superior to the mFI in predicting extended
LOS, although the absolute discriminative capacity

@ Springer



Pituitary (2025) 28:43

43 Page4of11

suon
.noﬂmaoo YIm ajefal
=100 J0U PIp [[¢ VSV F00=d $9°6-01'I
puE ‘G-pjw ‘[DD 98y AN (F1°0=4d) SN (0g'0=4d) SN AN (0g'0=4d) SN 10%56) €T YO (¥207) 103esiysy|
(60°0=4)
UOISSIWpPeaI 10U Inq
(10°0>d) s1500 21RD
-yresy pue ‘(10°0>d)
SO1 wﬁwmohoﬁ Uim
UB&A@.COO AI00S
G-1Jw Sursearou] AN AN AN AN AN AN (0T02) yelreyereysy
(suone[noed sioyne
‘SP0=d‘%6TL SA
%9°89) SRl UOIS
-SIWAI [JIM paje
-IJ0SSE 10U Sem AJ[IeL]
uonsodsp
pue SO jo 103o1paxd
umomﬁobm ) sem
(Tqw ay3 uryyrm)
snjejs [euondung
(syo=d (SN) %€'1
“%6°TL SA %9°89) SA %¢'8 —Hd/LAd
UOISSIWAI Y3Im uon (100>49) (SN) (SN (zo'o=4d) (Lzo=4d)
-BI00SSE OU pey A)res] %61 SA%BST  %EYSA%EZ=UID  %80SA %Y T— TNV (SN) %L00SA %00  PCTFLESAPEFES %T'8 SA %L9T + (b207) Ke[pury
(900=9d)
%0°CT SA %T Y — (SN) %+°0
wstreymydodAy moN SA %0°0 — d/LAd
100 2aneradojsod (SN) %€'T A %00 (SN) (1202)
J0 10940 ou pey Ayrery AN —Sutuosiom [ensip %80 SA %H'C — [NV (SND %0 A %¥'C AN AN WNeqzsIry-dIse)
0s0=49) %¢'8
SA %€°6 — B9l ASD (100>4d)
(100>d) %0°1 SA %Y S—IV
suonesrdwod %E'T SA %(°S — dong (100>9) %50
arouw pey (IDD) S9N (S1r0=4d) %5¢1 SA %b T—Hd/LAd
-IpIQIOW0d 12)eaId (100>d)  sA %791 — 10pI0SIq (100>4d) (10°0>4d) (100>4d)
im sjuaned [rery %6°LE SA %919 Qoueeq JJBM,  %E0 SA %8 TNV BLEOSA %IV T PSFSHSAPHIFE6 AN (0T07) Browasy
uors
HEOEEOU UQ uEOE-EOZ EOENQEQEOU ﬁwoﬂw.udm EOENUS&EOU wmo:uuz \Q:mﬁoz mO\H %ﬁﬁﬁm@ﬁ UOEENMQGD AHNQVV .HOSHS/\

A1981ms Areymyd Suro3ropun sjuaried ur Ajjrely SuIssasse sAIpnIs Jo saWIOAINQO — ¢ d|qeL

pringer

AQs



43

Page 5 of 11

Pituitary (2025) 28:43

SUOIY[NO[BD SIOYINE “YSLI AJ[1e} YSIY + JRIPOWISUL SA S MOT=
SUONE[NO[ED SIOYINE ‘G—7 [JW SA [ =[JW PUB ) =[JW=__

suone[noed soyine ‘sdnois [[om SurSeurw pue 3y PauUIqUIOD SA [lBY =

SOT pepualxe
Sunorpaid je G-I
9y 01 Jorradns sem vy

Kyreyrowr

Jou Inq ‘UoIRUNSIP
Jwoyuou € 0} 331eyosIp

pue

‘SO [evdsoy ‘uors

-stwpeal pauue[dun
‘uoneordwod

Jolewr yym

JO 9JeI PAILIOOSSE
sem [Jw Sursearouy

[w uey)
suones1duwod [9A9]
-ND] 0} UOTJB[o1I0D

103uons pey 21038 VSV

BIuoRUR

pue ‘HAVIS ‘)

[eImp e[ 4SD Jo

SOJBI UT QOUAIYIP ON

(100> d) s1800 [e3d

-soy juanedur JoySIy
pey syuaned [rerg

%ST
WM+ [T Pue ‘%111
pim
0T-TT ‘%L L Ym
01—0 21098 :2J00S
DIV Sursearout
)M POJE[IIOd
SIUOAD ISIOAPE JO ey

AN AN

AN AN

AN SN

SN SN

(100>4d)

DL OL SARBT8S AN

AN (SN) %1°1 A %T'1
(100>49) (€00=49d)
%ET SA %6°6 %BETSABLY

AN AN

AN

AN

SN

SN

(100>d)

%BTE9 SA %S YL —
uonesrdwos Auy

(SN) %8 SA %€°8

(zo'0=4d)
%Yy SA BL'L

AN

AN AN AN (¥207) BIoIRA

AN AN AN (TT0?7) uswwoyg,

(SN) %L°08A%1°C AN (SN) %0°¥ A %19 #x(CT0T) s

(100>4d)
%L0T SA %8 L1 =P06
(c0=d) %6L
SA %6'8=P0E

(100>4)
SN SFHsagIF8el (12707) weisaryeys
(100>d)
SFELSAOTFSSI AN
(zoo=4)
LFSYSALFQS AN
(100>4d)
LFTYSATIFSS

(100>d)
%070 SA %8°¢
200=4d)
%9°0 SA %0°€

sxx (TTOT) UOSINRG
(1207) uakn3N
(SN) %S°0 A %0'T

(SN) %6°LSA %L°L (220D s UNTRN

AN AN AN (€207) zonbrey

juauo))

D 2woy-uoN uonedrdwos [ed13ing

uoneordwo)) [edIpIJA

uors

KyrelroN SOT1 -stwupeay pouuedun (reayx) IoyIny

(ponunuoo) zsjqey

pringer

As



43 Page6of11

Pituitary (2025) 28:43

was moderate (C-statistic =0.59)[21]. In patients with
functional tumours, particularly Cushing’s disease, the
mFI demonstrated good discriminative capacity for LOS,
possibly due to the inclusion of diabetes mellitus as a
criterion for frailty [30, 31]. Microscopic transsphenoidal
techniques were less common in frail patients with
Cushing’s disease, however the association of frailty with
LOS was not effected by surgical technique[31].

The association of frailty with extended hospital LOS
appeared independent of patient age, Knosp grade, surgeon
experience, surgical technique, or American Society of
Anesthesiologists (ASA) grade [17, 20, 31]. LOS was also
associated with functional tumours, Cushing’s disease[30],
malnutrition[22], complications[31], and HbAlc level[31].
Hospital costs were also higher in frail patients[22, 30].

Unplanned readmission was not consistently associated
with frailty[17, 19, 29, 31], however there was a trend for
increasing rates of readmission in the most frail patients[20,
30], and at later time points[22]. The association of frailty
with unplanned readmission appeared independent of patient
age and ASA grade[29, 31].

Inpatient mortality was low overall, 0.39% in the largest
study[23]. Frailty was associated with greater mortality rate
in the majority of studies[18, 19, 23, 24, 28], and was inde-
pendent of age and body mass index (BMI)[18].

Frailty was consistently associated with discharge to
a non-home facility[17, 20, 23, 24, 31]. Increasing grade
of frailty was associated with a higher rate of non-home
discharge[20, 24], independent of age, Knosp grade, ASA
grade, surgical technique, and surgeon experience [20, 23,
31]. Preoperative functional status, and a history of myo-
cardial infarction, chronic obstructive pulmonary disease
(COPD), and diabetes mellitus were the strongest compo-
nent predictors of discharge to a non-home facility within
frailty metrics[31].

Medical complications were generally more frequent in
frail patients[17, 18, 20, 23, 24, 31, 32]. Perioperative res-
piratory, renal, neurovascular, and cardiac complications
were associated with increasing degrees of frailty[17, 23,
24], independent of age[20, 23, 24].

ASA grade was a stronger predictor of medical complica-
tions than frailty metrics[17-19].

Surgical complications were not consistently associated
with frailty[17, 29]. Arginine vasopressin deficiency (AVP-
D, diabetes insipidus) and other water balance disorders[22,
23,28, 29, 31, 31, 33], new hypopituitarism [23, 28, 29], and
postoperative cerebrospinal fluid (CSF) leak [22, 23, 31, 33]
were all similar between frail and non-frail cohorts.

Surgical outcomes were infrequently reported. Frailty
was not associated with biochemical remission rates in
patients with Cushing’s disease[31] and other functional
tumours[28]. Similarly, frailty had no effect on visual field
recovery[28, 29]. Overall and sinonasal-specific quality of
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life improved after endoscopic pituitary adenoma surgery,
and was not affected by frailty[28].

Discussion

Frail patients undergoing transsphenoidal surgery experi-
ence higher rates of medical complications, resulting in
longer hospital stays, greater hospitalisation costs, higher
rates of unplanned readmission, and more discharges to a
destination other than home. These outcomes directly cor-
related with increasing degrees of frailty. Despite an overall
low rate, perioperative mortality was substantially higher in
frail patients. Surgical outcomes were not affected by frailty,
with similar rates of biochemical remission, visual recovery,
and improvement in quality of life.

Standardised definitions to identify and grade frailty are
lacking. Characterised by impaired resilience to physiologi-
cal stress, the frailty syndrome is recognised by weakness,
weight loss, poor endurance, slowness, and physical inac-
tivity[7]. The existence of the frailty syndrome implies an
underlying pathophysiology responsible for the develop-
ment and progression of the phenotype. These mecha-
nisms include malnutrition, neuroendocrine dysregulation,
chronic inflammation, immunodeficiency, and cell senes-
cence. There is likely significant overlap with the biology
of aging[34]. Cumulative deficit metrics to define frailty
predominate the literature due to simplicity, ease of retro-
spective implementation, and objectiveness[8—10]. These
competing cumulative deficit and phenotype frameworks
identify different subsets of frail patients, suggesting not all
frailty is equal. However, both cumulative deficit and phe-
notype models appear adequate surrogates for physiologi-
cal reserve, particularly in the frailest patients [35, 36]. In
this review, frailty was exclusively defined by comorbidity
burden. These metrics were developed retrospectively from
large databases of predominantly non-neurosurgical hospi-
talisations (e.g. NSQIP for the mFI), and metric components
are inherently limited to the datapoints collected in each
database. Despite this, frailty defined by cumulative deficits
models has consistently correlated with poor outcomes after
neurosurgery[1, 2].

Advanced age is frequently used as a surrogate for
frailty, yet they are not synonymous. Although age has
been associated with poorer outcomes in pituitary adenoma
surgery[37], appropriately selected patients even in their
ninth decade of life can achieve excellent outcomes[38, 39].
Frailty is a more specific predictor of perioperative risk [17,
18, 20, 23, 40]. Distinguishing frailty from chronological
age is important, as it identifies modifiable risk factors that
can be optimised[22]. Functional status and ASA grade
also predict medical complications[17]. The ASA grade
measures current physiological status and may be more
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reliable predictor of acute medical complications[33]. Frailty
metrics that include and emphasise functional status appear
the best predictors of length of stay, mortality, and discharge
destination [21]. Addition of biochemical markers, including
haemoglobin[41] and albumin[42, 43], as well assessment of
nutritional status[44] and sarcopenia[45, 46], could be used
to augment current models.

Frailty is of particular relevance to pituitary surgery given
many components of the frailty syndrome may be aetiologi-
cally linked to endocrinopathy[47]. Sarcopenia and poor
bone health is associated with growth hormone (GH), corti-
sol, and androgen deficiency[48] and excess[49, 50], while
reduced vitality can be associated glucocorticoid, androgen,
and thyroid hormone deficiency[51]. Frailty has been associ-
ated with deficiency and impaired rhythmicity of glucocorti-
coid secretion[52-54], androgen deficiency, GH/insulin-like
growth factor 1 (IGF-1) deficiency[55, 56], diabetes mel-
litus, and the metabolic syndrome [48, 55]. Frailty is also
common in patients with functioning tumours[28, 31], par-
ticularly Cushing’s disease and Acromegaly. Comorbidities
included in cumulative deficit models are frequently seen
in functioning pituitary tumours, such as hypertension, dia-
betes mellitus, cardiovascular and cerebrovascular disease,
where they tend to be severe and treatment resistant[57].
These comorbidities do not resolve instantaneously, and may
persistent many years after biochemical remission[58—60].
Patients with Cushing’s disease are at high risk of postopera-
tive water balance disorders [61] and hypocortisolism[62],
which may increase length of stay and readmission rates.
Perioperatively, they represent some of the most physiologi-
cally fragile patients in neurosurgery due to impaired wound
healing[63], susceptibility to infection[64], myopathy[60],
cardiovascular[65] and venous thromboembolic risk[66],
and increased all-cause mortality[67]. The association of
frail patients harbouring smaller pituitary adenomas is likely
an epiphenomenon of the greater proportion of Cushing’s
disease in frail cohorts. Patients with acromegaly harbour
similar perioperative risks due to upper airway obstruc-
tion[68], diabetes mellitus, hypertension[69], cardiomyopa-
thy and cardiovascular risk[70, 71], and increased all-cause
mortality[72].

Transsphenoidal surgery improves quality of life for
patients with pituitary adenomas[73-76] and other anterior
skull base tumours[77-79]. Despite increased periopera-
tive risk, frail patients experience equivalent biochemical,
visual and quality of life outcomes from transsphenoidal sur-
gery[28, 29, 31]. Thus, frailty assessment should not be used
as a reason to withhold surgery, but rather to predict and
mitigate perioperative complications to improve outcomes
in pituitary surgery.

Frailty appears best assessed with comprehensive met-
rics that focus on functional status, as these demonstrate
the strongest correlations with perioperative outcomes[21,

80, 81]. How frailty assessment can be incorporated into
routine practice remains to be established. Identification
of physiological vulnerability is important to neurosurgi-
cal decision making, and facilitates informed preoperative
risk assessment, optimisation of modifiable comorbidities,
targeted initiation of “prehabilitation”, and more effective
utilisation of healthcare resources. Frail patients, when
identified early in their journey, could be optimised pre-
operatively with intensive medical therapy, nutritional
supplementation and physiotherapy involvement[82, 83].
After surgery, closer surveillance and physician involve-
ment may mitigate perioperative complications, and
planned discharge to non-home facilities may obviate
logistical barriers that prolong length of stay beyond that
required for medical stabilisation. Future prospective stud-
ies are required to establish how frailty assessment and
preoperative optimisation can be incorporated into pitui-
tary surgery and elucidate its effect on clinical outcomes.

The included studies have several limitations. Cumula-
tive deficit metrics may have limited generalisability to
pituitary surgery. Endocrinopathy is a principal driver of
frailty in pituitary disease, and current metrics may not be
sensitive to the physiological effects of hypopituitarism.
The severity, chronicity, and disease control of comor-
bidities are also not considered. Patient characteristics,
including tumour type, size, location, cavernous sinus
invasion, previous treatment, and other factors that influ-
ence surgical time, case complexity, risk, and outcome,
are not provided in all studies, particularly large database
analyses. The definition, measurement, and threshold to
characterise frailty is not consistent in the literature. Many
frailty metrics are dichotomous, oversimplifying the spec-
trum of frailty. The ACG defines frailty by the presence of
a single “frailty-defining diagnosis” such as severe visual
impairment, likely overestimating frailty in the pituitary
patient population. Temporal relations are also clouded in
retrospective studies. Frailty defining comorbidities may
be the result of surgery rather than contributing to compli-
cations; this distinction may be lost in large database stud-
ies. Database studies are also limited by the outcomes they
record. The NSQIP, NIS, and NRD do not report neurosur-
gical specific outcomes, and postoperative outcomes and
complications are only captured for the first 30 days. Sur-
gical techniques were not compared, although the differ-
ences between endoscopic and microscopic approaches are
unlikely to be significant[84]. No comparison with tran-
scranial surgery was available. Surgical outcomes, such as
extent of resection, were inadequately reported. The safety
profile of other common neurosurgical procedures in frail
patients was not explored. Finally, comparisons between
studies were limited due to the use of different frailty met-
rics and thresholds for defining frailty. This also precluded
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data pooling and meta-analysis. These limitations serve as
opportunities for improvement in future studies.

Conclusion

Frailty is seen in a minority of patients undergoing pituitary
surgery, but is an important marker of perioperative risk, par-
ticularly in functioning tumours. Frailty is associated with
higher rates of medical complications, unplanned readmis-
sion, prolonged admission, discharge to non-home destina-
tion, and mortality. Surgical outcomes are equivalent, and frail
patients experience similar improvements in quality of life to
non-frail. Frailty assessment should not be used as a reason to
withhold surgery, but rather to predict and mitigate periopera-
tive complications to improve outcomes in pituitary surgery.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/
s11102-025-01507-2.

Author contributions MCK (Collection Analysis of the data, writing
the draft, revision), AM, CO, JKa, JKi, YYW, TG (writing the draft,
revision, study supervision).

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions.

Material availability Not applicable

Data availability No datasets were generated or analysed during the
current study.

Code availability Not applicable.

Declarations

Conflicts of interest The authors declare no competing interests.
Ethical approval Not required.

Consent to participate Not required.

Consent for publication Not required.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer

References

1. Harland TA, Wang M, Gunaydin D et al (2020) Frailty as a
predictor of neurosurgical outcomes in brain tumor patients.
World Neurosurg 133:e813—-e818. https://doi.org/10.1016/j.wneu.
2019.10.010

2. Pazniokas J, Gandhi C, Theriault B et al (2021) The immense
heterogeneity of frailty in neurosurgery: a systematic literature
review. Neurosurg Rev 44:189-201. https://doi.org/10.1007/
$10143-020-01241-2

3. Toader C, Bratu BG, Mohan AG et al (2023) Comparison
of transcranial and transsphenoidal approaches in intra and
suprasellar pituitary adenomas — systematic review. Acta
Endocrinol Buchar 19:228-233. https://doi.org/10.4183/aeb.2023.
228

4. Alzhrani G, Sivakumar W, Park MS et al (2018) Delayed
complications after transsphenoidal surgery for pituitary
adenomas. World Neurosurg 109:233-241. https://doi.org/10.
1016/j.wneu.2017.09.192

5. Rodriguez-Maias L, Féart C, Mann G et al (2013) Searching
for an operational definition of frailty: a delphi method based
consensus statement. The frailty operative definition-consensus
conference project. J Gerontol Ser A 68:62-67. https://doi.org/
10.1093/gerona/gls119

6. Halter JB, Studenski S, High KP et al (2022) Hazzard’s geriatric
medicine and gerontology, 8th edn. McGraw Hill, New York

7. Fried LP, Tangen CM, Walston J et al (2001) Frailty in older
adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci
56:M146-M157. https://doi.org/10.1093/gerona/56.3.M146

8. Subramaniam S, Aalberg JJ, Soriano RP, Divino CM (2018)
New 5-factor modified frailty index using American college of
surgeons NSQIP data. J] Am Coll Surg 226:173. https://doi.org/
10.1016/j.jamcollsurg.2017.11.005

9. Velanovich V, Antoine H, Swartz A et al (2013) Accumulating
deficits model of frailty and postoperative mortality and
morbidity: its application to a national database. J Surg Res
183:104-110. https://doi.org/10.1016/j.jss.2013.01.021

10. Gilbert T, Neuburger J, Kraindler J et al (2018) Development
and validation of a Hospital Frailty Risk Score focusing on older
people in acute care settings using electronic hospital records: an
observational study. Lancet Lond Engl 391:1775-1782. https://
doi.org/10.1016/S0140-6736(18)30668-8

11. Rockwood K, Mitnitski A (2007) Frailty in relation to the
accumulation of deficits. J Gerontol Ser A 62:722-727. https://
doi.org/10.1093/gerona/62.7.722

12. Roy JM, Kazim SF, Macciola D et al (2024) Frailty as a predictor
of postoperative outcomes in neurosurgery: a systematic review. J
Neurosurg Sci 68:208. https://doi.org/10.23736/S0390-5616.23.
06130-1

13. Shah R, Attwood K, Arya S et al (2018) Association of frailty with
failure to rescue after low-risk and high-risk inpatient surgery. JAMA
Surg 153:¢180214. https://doi.org/10.1001/jamasurg.2018.0214

14. Shinall MC Jr, Arya S, Youk A et al (2020) Association of
preoperative patient frailty and operative stress with postoperative
mortality. JAMA Surg 155:€194620. https://doi.org/10.1001/
jamasurg.2019.4620

15. Amrock LG, Deiner S (2014) The implication of frailty on
preoperative risk assessment. Curr Opin Anaesthesiol 27:330-
335. https://doi.org/10.1097/ACO.0000000000000065

16. Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. BMJ. https://doi.org/10.1136/bmj.b2535

17. Martin EC, Goshtasbi K, Birkenbeuel JL et al (2022) The
association of frailty, age, and ASA classification with
postoperative outcomes in minimally invasive pituitary surgery.


https://doi.org/10.1007/s11102-025-01507-2
https://doi.org/10.1007/s11102-025-01507-2
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.wneu.2019.10.010
https://doi.org/10.1016/j.wneu.2019.10.010
https://doi.org/10.1007/s10143-020-01241-2
https://doi.org/10.1007/s10143-020-01241-2
https://doi.org/10.4183/aeb.2023.228
https://doi.org/10.4183/aeb.2023.228
https://doi.org/10.1016/j.wneu.2017.09.192
https://doi.org/10.1016/j.wneu.2017.09.192
https://doi.org/10.1093/gerona/gls119
https://doi.org/10.1093/gerona/gls119
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1016/j.jamcollsurg.2017.11.005
https://doi.org/10.1016/j.jamcollsurg.2017.11.005
https://doi.org/10.1016/j.jss.2013.01.021
https://doi.org/10.1016/S0140-6736(18)30668-8
https://doi.org/10.1016/S0140-6736(18)30668-8
https://doi.org/10.1093/gerona/62.7.722
https://doi.org/10.1093/gerona/62.7.722
https://doi.org/10.23736/S0390-5616.23.06130-1
https://doi.org/10.23736/S0390-5616.23.06130-1
https://doi.org/10.1001/jamasurg.2018.0214
https://doi.org/10.1001/jamasurg.2019.4620
https://doi.org/10.1001/jamasurg.2019.4620
https://doi.org/10.1097/ACO.0000000000000065
https://doi.org/10.1136/bmj.b2535

Pituitary (2025) 28:43

Page90of11 43

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Int Forum Allergy Rhinol 12:780-783. https://doi.org/10.1002/
alr.22916

Nguyen S, Kim RB, Cox P et al (2021) Impact of modified frailty
index-11 (mFI-11) on postoperative complications in patients
undergoing transsphenoidal resection of pituitary tumors: analysis of
2006-2014 ACS-NSQIP database. J Clin Neurosci Off J Neurosurg
Soc Australas 92:22-26. https://doi.org/10.1016/j.jocn.2021.07.046
Sukys JM, Jiang R, Manes RP (2022) Assessing risk of severe
complications after endoscopic transnasal transsphenoidal
surgery: a comparison of frailty, American society of
anesthesiologists, and comorbidity scores. J Neurol Surg B Skull
Base 83:536-547. https://doi.org/10.1055/s-0041-1740577
Thommen R, Kazim SF, Cole KL et al (2022) worse pituitary
adenoma surgical outcomes predicted by increasing frailty, not
age. World Neurosurg 161:¢347—e354. https://doi.org/10.1016/j.
wneu.2022.02.002

Varela S, Thommen R, Rumalla K et al (2024) The risk analysis
index demonstrates superior discriminative ability in predicting
extended length of stay in pituitary adenoma resection patients
when compared to the 5-point modified frailty index. World
Neurosurg X 21:100259. https://doi.org/10.1016/j.wnsx.2023.
100259

Shahrestani S, Ballatori AM, Chen XT et al (2021) Analysis
of modifiable and nonmodifiable risk factors in patients
undergoing pituitary surgery. J Neurosurg 134:1816-1823.
https://doi.org/10.3171/2020.4.JNS20417

Asemota AO, Gallia GL (2020) Impact of frailty on short-term
outcomes in patients undergoing transsphenoidal pituitary
surgery. J Neurosurg 132:360-370. https://doi.org/10.3171/
2018.8.JNS181875

Peterson R, Kandregula S, Jee E, Guthikonda B (2022) Utility of
hospital frailty risk score for predicting postoperative outcomes
in craniopharyngioma. J Neurooncol 159:185-193. https://doi.
org/10.1007/s11060-022-04056-x

Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new
method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chronic Dis 40:373-383.
https://doi.org/10.1016/0021-9681(87)90171-8

Johns hopkins bloomberg school of public health the Johns
Hopkins ACG system Version 11.0 technical reference guide,
John Hopkins Univeristy, Baltimore, MD.

Hall DE, Arya S, Schmid KK et al (2017) Development and
initial validation of the risk analysis index for measuring frailty
in surgical populations. JAMA Surg 152:175-182. https://doi.
org/10.1001/jamasurg.2016.4202

Castle-Kirszbaum M, Wang YY, King J, Goldschlager T (2021)
Frailty does not preclude surgical success after endoscopic
transsphenoidal surgery for pituitary adenomas. Pituitary
24:922-929. https://doi.org/10.1007/s11102-021-01166-z
Kshirsagar RS, Eide JG, Qatanani A et al (2024) Impact of
frailty on postoperative outcomes in extended endonasal
skull base surgery for suprasellar pathologies. Otolaryngol-
Head Neck Surg Off J] Am Acad Otolaryngol-Head Neck Surg
170:568-576. https://doi.org/10.1002/0hn.537

Khalafallah AM, Shah PP, Huq S et al (2020) The 5-factor
modified frailty index predicts health burden following surgery
for pituitary adenomas. Pituitary 23:630-640. https://doi.org/
10.1007/s11102-020-01069-5

Findlay MC, Rennert RC, Lucke-Wold B et al (2024) Impact of
frailty on surgical outcomes of patients with cushing disease
using the multicenter registry of adenomas of the pituitary and
related disorders registry. Neurosurgery. https://doi.org/10.
1227/neu.0000000000003090

Marquez J, Spangler BQ, Rumalla K et al (2023) Preoperative
frailty status measured by clinical risk analysis index and
adverse events after endoscopic endonasal transsphenoidal

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

resection of pituitary adenoma: results of a single center
prospective case series. J] Neurosurg Sci 67:539-541. https://
doi.org/10.23736/S0390-5616.22.05947-1

Sukys JM, Jiang R, Manes RP (2022) Assessing risk of severe
complications after endoscopic transnasal transsphenoidal
surgery: a comparison of frailty, American society of
anesthesiologists, and comorbidity scores. J Neurol Surg Part
B Skull Base 83:536-547. https://doi.org/10.1055/s-0041-17405
77

Walston J, Hadley EC, Ferrucci L et al (2006) Research agenda
for frailty in older adults: toward a better understanding of
physiology and etiology: summary from the American geriatrics
society/national institute on aging research conference on frailty
in older adults. J Am Geriatr Soc 54:991-1001. https://doi.org/
10.1111/5.1532-5415.2006.00745.x

Cigolle CT, Ofstedal MB, Tian Z, Blaum CS (2009) Comparing
models of frailty: the health and retirement study. ] Am Geriatr
Soc 57:830-839. https://doi.org/10.1111/j.1532-5415.2009.
02225.x

Xue Q-L, Tian J, Walston JD et al (2020) Discrepancy in frailty
identification: move beyond predictive validity. J Gerontol A
Biol Sci Med Sci 75:387-393. https://doi.org/10.1093/gerona/
glz052

Chalif EJ, Morshed RA, Young JS et al (2022) Pituitary
adenoma in the elderly: surgical outcomes and treatment trends
in the United States. J Neurosurg 137:1687-1698. https://doi.
org/10.3171/2022.3.JNS212940

Yunoue S, Tokimura H, Tominaga A et al (2014)
Transsphenoidal surgical treatment of pituitary adenomas in
patients aged 80 years or older. Neurosurg Rev 37:269-277.
https://doi.org/10.1007/s10143-013-0509-3

Tardivo V, Penner F, Garbossa D et al (2020) Surgical
management of pituitary adenomas: does age matter? Pituitary
23:92-102. https://doi.org/10.1007/s11102-019-01014-1

Liu J, Li C, Xiao Q et al (2015) Comparison of pituitary
adenomas in elderly and younger adults: clinical characteristics,
surgical outcomes, and prognosis. J] Am Geriatr Soc 63:1924—
1930. https://doi.org/10.1111/jgs.13590

Steinmeyer Z, Delpierre C, Soriano G et al (2020) Hemoglobin
concentration; a pathway to frailty. BMC Geriatr 20:202. https://
doi.org/10.1186/s12877-020-01597-6

Camino-Willhuber G, Tani S, Schonnagel L et al (2023)
Association of frailty and preoperative hypoalbuminemia with
the risk of complications, readmission, and mortality after spine
surgery. World Neurosurg 174:e152—e158. https://doi.org/10.
1016/j.wneu.2023.03.095

Yamamoto M, Adachi H, Enomoto M et al (2021) Lower
albumin levels are associated with frailty measures, trace
elements, and an inflammation marker in a cross-sectional study
in Tanushimaru. Environ Health Prev Med 26:25. https://doi.
org/10.1186/s12199-021-00946-0

Ni Lochlainn M, Cox NJ, Wilson T et al (2021) Nutrition and
frailty: opportunities for prevention and treatment. Nutrients
13:2349. https://doi.org/10.3390/nu13072349

Beaudart C, McCloskey E, Bruyere O et al (2016) Sarcopenia
in daily practice: assessment and management. BMC Geriatr
16:170. https://doi.org/10.1186/s12877-016-0349-4

Daly RM, Iuliano S, Fyfe JJ et al (2022) Screening, diagnosis
and management of sarcopenia and frailty in hospitalized older
adults: recommendations from the Australian and New Zealand
society for sarcopenia and frailty research (ANZSSFR) expert
working group. J Nutr Health Aging 26:637-651. https://doi.
org/10.1007/s12603-022-1801-0

Clegg A, Hassan-Smith Z (2018) Frailty and the endocrine
system. Lancet Diabetes Endocrinol 6:743-752. https://doi.
org/10.1016/S2213-8587(18)30110-4

@ Springer


https://doi.org/10.1002/alr.22916
https://doi.org/10.1002/alr.22916
https://doi.org/10.1016/j.jocn.2021.07.046
https://doi.org/10.1055/s-0041-1740577
https://doi.org/10.1016/j.wneu.2022.02.002
https://doi.org/10.1016/j.wneu.2022.02.002
https://doi.org/10.1016/j.wnsx.2023.100259
https://doi.org/10.1016/j.wnsx.2023.100259
https://doi.org/10.3171/2020.4.JNS20417
https://doi.org/10.3171/2018.8.JNS181875
https://doi.org/10.3171/2018.8.JNS181875
https://doi.org/10.1007/s11060-022-04056-x
https://doi.org/10.1007/s11060-022-04056-x
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1001/jamasurg.2016.4202
https://doi.org/10.1001/jamasurg.2016.4202
https://doi.org/10.1007/s11102-021-01166-z
https://doi.org/10.1002/ohn.537
https://doi.org/10.1007/s11102-020-01069-5
https://doi.org/10.1007/s11102-020-01069-5
https://doi.org/10.1227/neu.0000000000003090
https://doi.org/10.1227/neu.0000000000003090
https://doi.org/10.23736/S0390-5616.22.05947-1
https://doi.org/10.23736/S0390-5616.22.05947-1
https://doi.org/10.1055/s-0041-1740577
https://doi.org/10.1055/s-0041-1740577
https://doi.org/10.1111/j.1532-5415.2006.00745.x
https://doi.org/10.1111/j.1532-5415.2006.00745.x
https://doi.org/10.1111/j.1532-5415.2009.02225.x
https://doi.org/10.1111/j.1532-5415.2009.02225.x
https://doi.org/10.1093/gerona/glz052
https://doi.org/10.1093/gerona/glz052
https://doi.org/10.3171/2022.3.JNS212940
https://doi.org/10.3171/2022.3.JNS212940
https://doi.org/10.1007/s10143-013-0509-3
https://doi.org/10.1007/s11102-019-01014-1
https://doi.org/10.1111/jgs.13590
https://doi.org/10.1186/s12877-020-01597-6
https://doi.org/10.1186/s12877-020-01597-6
https://doi.org/10.1016/j.wneu.2023.03.095
https://doi.org/10.1016/j.wneu.2023.03.095
https://doi.org/10.1186/s12199-021-00946-0
https://doi.org/10.1186/s12199-021-00946-0
https://doi.org/10.3390/nu13072349
https://doi.org/10.1186/s12877-016-0349-4
https://doi.org/10.1007/s12603-022-1801-0
https://doi.org/10.1007/s12603-022-1801-0
https://doi.org/10.1016/S2213-8587(18)30110-4
https://doi.org/10.1016/S2213-8587(18)30110-4

43

Page 10 of 11

Pituitary (2025) 28:43

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Payette H, Roubenoff R, Jacques PF et al (2003) Insulin-like
growth factor-1 and interleukin 6 predict sarcopenia in very
old community-living men and women: the Framingham heart
study. J Am Geriatr Soc 51:1237-1243. https://doi.org/10.
1046/j.1532-5415.2003.51407.x

Zdrojowy-Wetna A, Stachowska B, Bolanowski M (2024)
Cushing’s disease and bone. Pituitary 27:837-846. https://doi.
org/10.1007/s11102-024-01427-7

Giustina A (2023) Acromegaly and bone: an update. Endocrinol
Metab 38:655-666. https://doi.org/10.3803/EnM.2023.601
Fleseriu M, Christ-Crain M, Langlois F et al (2024)
Hypopituitarism. The Lancet 403:2632-2648. https://doi.org/
10.1016/S0140-6736(24)00342-8

Carvalhaes-Neto N, Huayllas MK, Ramos LR et al (2003)
Cortisol, DHEAS and aging: resistance to cortisol suppression
in frail institutionalized elderly. J] Endocrinol Invest 26:17-22.
https://doi.org/10.1007/BF03345117

Kumari M, Badrick E, Sacker A et al (2010) Identifying patterns
in cortisol secretion in an older population. Findings from the
Whitehall II study. Psychoneuroendocrinology 35:1091-1099.
https://doi.org/10.1016/j.psyneuen.2010.01.010

Rao MY, Rao TS, Narayanaswamy RK (2012) Study of
hypothalamo pituitary adrenal axis in frail elderly subjects. J
Assoc Physicians India 60:31-34

Leng SX, Cappola AR, Andersen RE et al (2004) Serum levels of
insulin-like growth factor-I (IGF-I) and dehydroepiandrosterone
sulfate (DHEA-S), and their relationships with serum
interleukin-6, in the geriatric syndrome of frailty. Aging Clin Exp
Res 16:153—157. https://doi.org/10.1007/BF03324545

Cappola AR, Xue Q-L, Fried LP (2009) Multiple hormonal
deficiencies in anabolic hormones are found in frail older women:
the women’s health and aging studies. J Gerontol A Biol Sci Med
Sci 64:243-248. https://doi.org/10.1093/gerona/gln026

Melmed S (2020) Pituitary-tumor endocrinopathies. N Engl ] Med
382:937-950. https://doi.org/10.1056/NEJMral810772
Pivonello R, De Martino MC, De Leo M et al (2007) Cushing’s
syndrome: aftermath of the cure. Arq Bras Endocrinol Metabol
51:1381-1391. https://doi.org/10.1590/S0004-273020070008000
25

Isidori AM, Graziadio C, Paragliola RM et al (2015) The
hypertension of Cushing’s syndrome: controversies in the
pathophysiology and focus on cardiovascular complications. J
Hypertens 33:44—60. https://doi.org/10.1097/HJH.0000000000
000415

Vogel F, Braun LT, Rubinstein G et al (2020) Persisting muscle
dysfunction in cushing’s syndrome despite biochemical remission.
J Clin Endocrinol Metab 105:¢4490-4498. https://doi.org/10.1210/
clinem/dgaa625

Castle-Kirszbaum M, Kyi M, Wright C et al (2021)
Hyponatraemia and hypernatraemia: disorders of water balance
in neurosurgery. Neurosurg Rev 44:2433-2458. https://doi.org/
10.1007/s10143-020-01450-9

Castle-Kirszbaum M, Wang Y'Y, King J, Goldschlager T (2022)
Predictors of visual and endocrine outcomes after endoscopic
transsphenoidal surgery for pituitary adenomas. Neurosurg Rev
45:843-853. https://doi.org/10.1007/s10143-021-01617-y
Gordon CB, Li DG, Stagg CA et al (1994) Impaired wound
healing in Cushing’s syndrome: the role of heat shock proteins.
Surgery 116:1082-1087

Minnetti M, Hasenmajer V, Sbardella E et al (2022) Susceptibility
and characteristics of infections in patients with glucocorticoid
excess or insufficiency: the ICARO tool. Eur J Endocrinol
187:719-731. https://doi.org/10.1530/EJE-22-0454

Mancini T, Kola B, Mantero F et al (2004) High cardiovascular
risk in patients with Cushing’s syndrome according to 1999

Springer

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

WHO/ISH guidelines. Clin Endocrinol (Oxf) 61:768-777. https://
doi.org/10.1111/j.1365-2265.2004.02168.x

Stuijver DJF, van Zaane B, Feelders RA et al (2011) Incidence of
venous thromboembolism in patients with Cushing’s syndrome: a
multicenter cohort study. J Clin Endocrinol Metab 96:3525-3532.
https://doi.org/10.1210/jc.2011-1661

Limumpornpetch P, Morgan AW, Tiganescu A et al (2022) The
effect of endogenous cushing syndrome on all-cause and cause-
specific mortality. J Clin Endocrinol Metab 107:2377-2388.
https://doi.org/10.1210/clinem/dgac265

Seidman PA, Kofke WA, Policare R, Young M (2000) Anaesthetic
complications of acromegaly. BJA Br J Anaesth 84:179-182.
https://doi.org/10.1093/0xfordjournals.bja.a013400

Mestron A, Webb SM, Astorga R et al (2004) Epidemiology,
clinical characteristics, outcome, morbidity and mortality in
acromegaly based on the Spanish acromegaly registry (Registro
Espanol de Acromegalia, REA). Eur J Endocrinol 151:439-446.
https://doi.org/10.1530/eje.0.1510439

Mosca S, Paolillo S, Colao A et al (2013) Cardiovascular
involvement in patients affected by acromegaly: an appraisal. Int
J Cardiol 167:1712-1718. https://doi.org/10.1016/j.ijcard.2012.
11.109

Pivonello R, Auriemma RS, Grasso LFS et al (2017)
Complications of acromegaly: cardiovascular, respiratory and
metabolic comorbidities. Pituitary 20:46-62. https://doi.org/10.
1007/s11102-017-0797-7

Dekkers OM, Biermasz NR, Pereira AM et al (2008) Mortality in
acromegaly: a metaanalysis. J Clin Endocrinol Metab 93:61-67.
https://doi.org/10.1210/jc.2007-1191

Castle-Kirszbaum M, McCormack A, Kam J et al (2024) Quality
of life in non-functioning pituitary adenoma: a systematic
review. Neurosurg Rev 47:867. https://doi.org/10.1007/
$10143-024-03126-0

Castle-Kirszbaum M, Biermasz N, Kam J, Goldschlager T (2024)
Quality of life in prolactinoma: a systematic review. Pituitary
27:239-247. https://doi.org/10.1007/s11102-024-01392-1
Castle-Kirszbaum M, Wang Y'Y, King J, Goldschlager T (2022)
Quality of life after endoscopic surgical management of pituitary
adenomas. Neurosurgery 90:81-91. https://doi.org/10.1227/NEU.
0000000000001740

Castle-Kirszbaum M, Wang YY, King J et al (2023) Quality
of life and surgical outcomes in incidental pituitary adenomas
undergoing endoscopic endonasal resection. J Neurosurg
138:567-573. https://doi.org/10.3171/2022.5.JNS2286
Castle-Kirszbaum M, Kam J, Dixon B et al (2021) Surgical
outcomes and longitudinal quality of life after endoscopic
endonasal surgery for anterior skull base meningioma. J
Neurosurg 137:953

Castle-Kirszbaum M, Shi MDY, Goldschlager T (2022) Quality of
life in craniopharyngioma: a systematic review. World Neurosurg
164:424-435.¢2. https://doi.org/10.1016/j.wneu.2022.05.038
Castle-Kirszbaum M, Kam J, Wang YY et al (2022) Surgical
outcomes and quality of life in Rathke’s cleft cysts undergoing
endoscopic transsphenoidal resection: a multicentre study and
systematic review of the literature. Pituitary 25:285-295. https://
doi.org/10.1007/s11102-021-01197-6

Conlon M, Thommen R, Kazim SF et al (2022) Risk analysis
index and its recalibrated version predict postoperative outcomes
better than 5-factor modified frailty index in traumatic spinal
injury. Neurospine 19:1039-1048. https://doi.org/10.14245/ns.
2244326.163

Thommen R, Kazim SF, Rumalla K et al (2022) Preoperative
frailty measured by risk analysis index predicts complications and
poor discharge outcomes after brain tumor resection in a large
multi-center analysis. J Neurooncol 160:285-297. https://doi.org/
10.1007/s11060-022-04135-z


https://doi.org/10.1046/j.1532-5415.2003.51407.x
https://doi.org/10.1046/j.1532-5415.2003.51407.x
https://doi.org/10.1007/s11102-024-01427-7
https://doi.org/10.1007/s11102-024-01427-7
https://doi.org/10.3803/EnM.2023.601
https://doi.org/10.1016/S0140-6736(24)00342-8
https://doi.org/10.1016/S0140-6736(24)00342-8
https://doi.org/10.1007/BF03345117
https://doi.org/10.1016/j.psyneuen.2010.01.010
https://doi.org/10.1007/BF03324545
https://doi.org/10.1093/gerona/gln026
https://doi.org/10.1056/NEJMra1810772
https://doi.org/10.1590/S0004-27302007000800025
https://doi.org/10.1590/S0004-27302007000800025
https://doi.org/10.1097/HJH.0000000000000415
https://doi.org/10.1097/HJH.0000000000000415
https://doi.org/10.1210/clinem/dgaa625
https://doi.org/10.1210/clinem/dgaa625
https://doi.org/10.1007/s10143-020-01450-9
https://doi.org/10.1007/s10143-020-01450-9
https://doi.org/10.1007/s10143-021-01617-y
https://doi.org/10.1530/EJE-22-0454
https://doi.org/10.1111/j.1365-2265.2004.02168.x
https://doi.org/10.1111/j.1365-2265.2004.02168.x
https://doi.org/10.1210/jc.2011-1661
https://doi.org/10.1210/clinem/dgac265
https://doi.org/10.1093/oxfordjournals.bja.a013400
https://doi.org/10.1530/eje.0.1510439
https://doi.org/10.1016/j.ijcard.2012.11.109
https://doi.org/10.1016/j.ijcard.2012.11.109
https://doi.org/10.1007/s11102-017-0797-7
https://doi.org/10.1007/s11102-017-0797-7
https://doi.org/10.1210/jc.2007-1191
https://doi.org/10.1007/s10143-024-03126-0
https://doi.org/10.1007/s10143-024-03126-0
https://doi.org/10.1007/s11102-024-01392-1
https://doi.org/10.1227/NEU.0000000000001740
https://doi.org/10.1227/NEU.0000000000001740
https://doi.org/10.3171/2022.5.JNS2286
https://doi.org/10.1016/j.wneu.2022.05.038
https://doi.org/10.1007/s11102-021-01197-6
https://doi.org/10.1007/s11102-021-01197-6
https://doi.org/10.14245/ns.2244326.163
https://doi.org/10.14245/ns.2244326.163
https://doi.org/10.1007/s11060-022-04135-z
https://doi.org/10.1007/s11060-022-04135-z

Pituitary (2025) 28:43

Page110f 11 43

82.

83.

Chan SP, Ip KY, Irwin MG (2019) Peri-operative optimisation of
elderly and frail patients: a narrative review. Anaesthesia 74:80—
89. https://doi.org/10.1111/anae.14512

Alvarez-Nebreda ML, Bentov N, Urman RD et al (2018)
Recommendations for preoperative management of frailty from
the society for perioperative assessment and quality improvement

84.

(SPAQI). J Clin Anesth 47:33-42. https://doi.org/10.1016/j.jclin
ane.2018.02.011

Little AS, Kelly DF, White WL et al (2019) Results of
a prospective multicenter controlled study comparing
surgical outcomes of microscopic versus fully endoscopic
transsphenoidal surgery for nonfunctioning pituitary adenomas:
the transsphenoidal extent of resection (TRANSSPHER) Study.
J Neurosurg 132:1043-1053. https://doi.org/10.3171/2018.11.
JNS181238

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1111/anae.14512
https://doi.org/10.1016/j.jclinane.2018.02.011
https://doi.org/10.1016/j.jclinane.2018.02.011
https://doi.org/10.3171/2018.11.JNS181238
https://doi.org/10.3171/2018.11.JNS181238

	Frailty and pituitary surgery: a systematic review
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	A primer on frailty definitions
	Methods
	Results
	Discussion
	Conclusion
	References




