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Abstract Objective Despite multidisciplinary care being commonly recommended, there
remains limited evidence supporting its benefits in pituitary disease management.
This study aimed to assess the impact of multidisciplinary care in pituitary surgery.
Methods A retrospective cohort study was performed comparing pituitary surgery
outcomes among consecutive patients within a quaternary referral center in 5 years
before and after introduction of a multidisciplinary team (MDT). Primary outcomes
were endocrine (transient diabetes insipidus [DI], syndrome of inappropriate antidiu-
retic hormone [SIADH], and new hypopituitarism) and surgical (cerebrospinal fluid
[CSF] leak, epistaxis, intracranial hemorrhage, andmeningitis) complications, length of
hospital stay, and intrasellar residual tumor.
Results 279 patients (89 pre-MDT vs. 190 post-MDT) were assessed (age 54� 17 years,
48% female). Nonfunctioning adenomas were most common (54%). In the post-MDT era,
more clinically functioning tumors (42 vs. 28%, p¼ 0.03) were treated. Transient DI and
SIADHoccurred less often post-MDT (20 vs. 36%, p< 0.01 and 18 vs. 39%, p< 0.01), as well
as new hypothyroidism (5 vs. 15, p< 0.01). Hospital stay was shorter post-MDT (5[3] vs. 7
[5] days, p< 0.001) and intrasellar residuals were less common (8 vs. 35%, p< 0.001).
Complications were more frequent pre-MDT independent of tumor size, hormone status,
and surgical technique (odds ratio [OR]¼ 2.14 [1.05–4.32], p¼ 0.04).
Conclusion Outcomes of pituitary surgery improved after the introduction of an
MDT. Pituitary MDTs may benefit both patients and the health system by improving
quality of care and reducing hospital stays.
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Introduction

Multidisciplinary teams (MDTs) are frequently utilized in the
management of a wide variety of cancers including breast,
colorectal, lung, gynecological, and upper gastrointestinal
malignancies.1 In the past years, specialists primarily liaised
with each other on a consultation basis upon request. The
newer concept of a regular, formal MDT meeting offers the
opportunity for improved communication, development of
cohesive management plans, and an educational platform
between treating clinicians. However, this model of care,
often recommended in clinical practice guidelines, incurs
significant costs in terms of time and resources.2,3 The cost to
the health system of a 2-hour monthly pituitary MDT meet-
ing has been estimated to be £9,000 to 12,000 per year in the
United Kingdom.4 While commonly used, the efficacy and
cost-effectiveness of MDT models has not been well
described.1,5

The mode of operation of MDT teams varies internation-
ally. However, generally these follow a principle of initial
case referral to the team or one of its members, subsequent
discussion of cases at a regular interval (e.g., weekly or
fortnightly), initiation of treatment through most relevant
specialties and review by the team at a set date.3,6 Pituitary
MDTs have only been implemented in recent years within
some large pituitary quaternary referral centers.

Organizing multidisciplinary clinical management is a key
criterion in defining pituitary tumor centers of excellence as
per the recently published Pituitary Society guidelines.7 It is
suggested that these teams require dedicated endocrinologists
and experienced neurosurgeonsworking in collaborationwith
neuroradiology, neuropathology, radiation oncology, neuro-
ophthalmology, and otorhinolaryngology plus trained nursing.

Despite pituitary MDTs becoming more common, the liter-
ature suggests there is little comparative evidence supporting
their establishment. Pituitary MDTs are often briefly men-
tioned as being beneficial for outcomes in pituitary surgery by
anecdotal evidence.8–26 This is partly attributed to better
engagement of relevant specialties to facilitate diagnosis,
prevent complications, and utilize the latest developments
inpractice. However, substantive evidence is limited, with few
studies comparing complication and success rates before and
after the introduction of MDT management.27

A recent retrospective cohort study found that the intro-
duction of pituitaryMDT care reduced length of hospital stay
postoperatively from a median of 3 to 2 days that was
attributed to endocrinologist involvement on a regular basis
as part of an early discharge protocol. In this study, compli-
cation rates remained equivalent.27 It should be noted,
however, that this team only comprised of a neurosurgeon,
endocrinologist, endocrinology fellow, and specialty nurse.
Thus, additional evidence is necessary to support the benefit
of collaboration between broader group of disciplines given
the increased associated cost of a larger MDT.

The objective of this studywas to determine the impact of
multidisciplinary care review in pituitary patients by out-
come-based comparison before and after the introduction of
an MDT.

Methods

A retrospective cohort study was performed comparing
consecutive patients who underwent pituitary surgery be-
fore and after the introduction of a pituitary MDT, servicing
both St. Vincent’s Hospital and St Vincent’s Private Hospital,
Sydney. The pituitary MDT was implemented in 2012 and
consists of members from endocrinology (n¼ 2), neurosur-
gery (n¼ 2), otolaryngology (n¼ 1), radiation and medical
oncology (n¼ 1 each), radiology (n¼ 1), pathology (n¼ 1),
ophthalmology (n¼ 1), nursing (n¼ 1), fellows, medical
students, and pituitary research staffs. One important initia-
tive established by the pituitary MDT was a perioperative
protocol to guide postoperative steroid and diabetes insip-
idus (DI) management.

Pituitary surgical patients were divided into two groups,
(1) those undergoing surgery prior to the introduction of the
MDT (2006–2011; “pre-MDT”), and (2) those undergoing
surgery after the introduction of the MDT (2012–2017;
“post-MDT”). This study was approved by the local St.
Vincent’s Hospital Human Research Ethics Committee
(SVH 13/033 and SVH 14/060) and has been performed in
accordance with the ethical standards as laid down in the
1964 Declaration of Helsinki and its later amendments or
comparable ethical standards.

Management of MDT Patients
Pituitary MDT meetings are held fortnightly. Patients are
referred to the pituitary MDT via lead endocrinologist and
MDT chair (A.M). Case mix includes patients with diagnostic
challenges, where surgery or radiation therapy is being
considered, all surgical cases within the first 2 weeks and
at 3 months postoperatively, as well as patients with aggres-
sive pituitary tumors, or carcinomas receiving oncological
treatment. Review of all relevant clinical information, imag-
ing, ophthalmic assessments, and histopathology is under-
taken at the MDT with medical and/or surgical treatment
options discussed and recorded. Patients recommended to
undergo surgical intervention are then evaluated by neuro-
surgery, otolaryngology, and ophthalmology (where appro-
priate). During their hospitalization postoperatively, all
patients were evaluated regularly by our endocrinology
team with reference to our perioperative pituitary protocol.

Medical Follow-up
Patients were followed postoperatively at 6 weeks and
3 months by their usual endocrinologist. Subsequent fol-
low-up was scheduled based upon hormone profile and
clinical need. In some cases, particularly complex patients,
our endocrine team remained intimately involved in the care
of the patient either through telemedicine or alternating
appointments with their local endocrinologist.

Surgical Follow-up
All patients were followed-up at 3 weeks, 3 months, and
12 months, and thereafter as required based on concerns of
residual or recurrent disease. Repeat magnetic resonance
imaging (MRI) was obtained at 3 months and 12months and
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thereafter as directed by endocrine care or MDT
recommendation.

Population Characteristics
Age, gender, tumor subtype (determined by hormone immu-
nohistochemistry), tumor size, parasellar involvement (cav-
ernous, sphenoid sinus, or suprasellar), preoperativemedical
therapy and pituitary hormone replacement, number of
previous pituitary surgeries, and surgical approach (endo-
scopic or microscopic), as well as the names of the treating
endocrinologist, neurosurgeon, and otolaryngologist, were
collected.

Perioperative Outcomes (Less Than 30 Days
Postsurgery)
Data collected included length of hospital stay, unplanned
representation to hospital, endocrine complications (tran-
sient DI and SIADH), surgical complications (cerebrospinal
fluid [CSF] leak, epistaxis, intracranial hemorrhage, menin-
gitis, and mortality), and return to theater. Transient DI was
defined as requiring synthetic antidiuretic hormone (des-
mopressin) within 1 week from surgery but not beyond the
first week. SIADH was defined by hyponatremia within
2 weeks postoperatively (mild if serum sodium was 130–-
135mmol/L at lowest, moderate if 120–130mmol/L and
severe if <120mmol/L). CSF leak, epistaxis, and intracranial
hemorrhage were recorded if requiring return to theater.
Meningitis was defined as requiring antibiotic therapy after
diagnosis by the surgical team.

Postoperative Outcomes (More Than 30 Days
Postsurgery)
Data collected included presence and location of residual
tumor as determined by 3-month postoperative MRI, new
visual deficit as defined by an ophthalmologist, new endo-
crine deficiencies (permanent DI, hypocortisolaemia, hypo-
thyroidism, gonadotropin [Gn], and growth hormone [GH]
deficiency), reoperation within 1 year and adjuvant radio-
therapy within 1 year. Unexpected intrasellar residual is
defined as residual within the sella, on the 3-month post-
surgery MRI, in cases where the preoperative plan was gross
total resection. In cases of planned subtotal resection, such as
cavernous sinus invasion, the residual component was not
included in this definition. New endocrine deficiencies were
defined by treatment specific criteria for the purposes of
defining permanent DI (requiring desmopressin for at least
1 month postoperatively), hypocortisolaemia (requiring glu-
cocorticoid therapy beyond 6 months of surgery), and hypo-
thyroidism (requiring thyroid hormone replacement within
the first year after surgery). New-onset Gn deficiency was
defined within 1 year of surgery; in men with low testoster-
one, in noncycling premenopausal women with low oestra-
diol, or in postmenopausal women in whom low/normal
follicle stimulating or luteinizing hormone developed. Final-
ly, new-onset GH deficiency was defined if insulin-like
growth factor 1 (IGF-1) was low within 1 year after surgery,
in the presence of other pituitary deficiencies or as deter-
mined by dynamic testing.

Statistical Analysis
Statistical analysis was performed using SPSS v24 (SPSS Inc.,
Chicago). Nominal variables were compared using the Pear-
son Chi-square test unless subgroup sample sizes were
sufficiently small requiring Fisher’s exact test. Ordinal var-
iables were compared by the independent samples Mann–
Whitney U-test. Scalar variables were compared by the
independent samples t-test if normally distributed and by
the independent samples Mann–Whitney U-test if nonpara-
metrically distributed. Binomial logistic regressionwas used
to perform multivariate analysis when determining overall
complication status. The impact on complication rate was
reported as an odds ratio (OR) and a 95% confidence interval
(CI). Null hypotheses were rejected where p< 0.05.

Results

Population Characteristics
The study cohort comprised 279 pituitary surgery cases (89
patients of pre-MDT and 190 patients of post-MDT), age
54� 17 years, 48% female. Pituitary tumors comprised 92%
of thecohort. Clinicallynonfunctioningadenomawas themost
common tumor subtype (54%), followed by acromegaly (18%),
prolactinoma (11%), Cushing’s disease (9%), and thyroid stim-
ulating hormone (TSH)-secreting adenoma (1%). Rathke’s cleft
cysts were the most frequent nontumor pathology (4%), with
other histopathology includingmeningiomas, craniopharyng-
iomas, juvenile nasopharyngeal angiofibromas, metastatic
melanoma, hypophysitis, and pituitary abscess.

On preoperative imaging 81% of tumors were between 10
and 40mm in maximal diameter. More than half (56%)
caused optic chiasm compression, while cavernous or sphe-
noid sinus invasion was seen in 36 and 13% of tumors,
respectively. There were fewer macroadenomas (85.3 vs.
90.4%, p¼ 0.26), less cavernous sinus involvement (30 vs.
48%, p< 0.01) and optic chiasm compression (47 vs. 77%,
p< 0.01) in the post-MDT group (►Table 1).

There was a higher proportion of clinically functioning
tumors in the post-MDT group (42 vs. 28%, p¼ 0.03). Less
than one-fifth of all pituitary tumors received preoperative
medical therapy, specifically dopamine agonists (14%) and
somatostatin analogues (3%), with no significant difference
in use of preoperative medical therapy between pre- and
post-MDT groups. One-third of patients were on hormone
replacement therapy preoperatively in both pre- and post-
MDT groups, thyroid hormone and glucocorticoids most
commonly (63 and 61%, respectively).

Theminority of caseswere revision surgeries (22%) and, in
most cases, a total resection (80%) was attempted as opposed
to a partial resection. Curative resections were attempted
more commonly post-MDT (87 vs. 66%, p< 0.01). Surgical
technique was primarily endoscopic endonasal transsphe-
noidal surgery (83%). Microscopic endonasal surgery was
performed in 11%, with subfrontal and sublabial approaches
performed less frequently. A greater number of cases were
performed endoscopically post-MDT (98 vs. 46%, p< 0.001),
although the transsphenoidal approach was clearly the most
common in both groups (99 vs. 92%, p< 0.01).
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Prior to commencement of the MDT, pituitary surgery
was performed by seven neurosurgeons and three otolar-
yngologists. Following the introduction of the MDT, 80% of
pituitary surgery was performed by 2 neurosurgeons with
98% of cases involving one otolaryngologist. Baseline char-
acteristics were otherwise similar between pre- and post-
MDT groups.

Perioperative Patient Outcomes (<30 Days)
Length of perioperative hospital stay was shorter among
post-MDT compared with pre-MDT cases (5 [range: 4–7] vs.
7 days [range: 6–11], p< 0.001; ►Fig. 1). Unexpected repre-
sentation to hospital occurred in 10% of cases (9.1% post-MDT
vs. 12.5% pre-MDT, p> 0.05), requiring readmission in most
of those (86%; ►Table 2). Representation rates were similar
post- and pre-MDT, most commonly due to SIADH (67 and
40%) followed by epistaxis (17 and 20%). Hypocortisolaemia,
hypothyroidism, hydrocephalus, and CSF leak caused one
representation each. CSF leak occurred in 4% of cases, epi-

Table 1 Comparison of baseline characteristics between pre- and post-MDT groups

Pre-MDT (n¼ 89) Post-MDT (n¼ 190) p-Value

Age at surgery (mean, SD) 54� 16 54� 18 0.75a

Female (%) 38.2 52.6 0.03b

Diagnosis 0.65b

Nonfunctioning adenoma (%) 62.5 50.0 N/A

Acromegaly (%) 14.8 17.4

Prolactinoma (%) 6.8 13.2

Cushing’s disease (%) 8.0 8.9

Rathke’s cyst (%) 4.5 3.7

Miscellaneous (%) 3.4 6.3

Tumor size 0.26b

Micro <10mm (%) 9.6 14.7 N/A

Macro 10–40 mm (%) 90.4 85.3

Parasellar Involvement (%)

Cavernous sinus 48.1 30.1 <0.01b

Sphenoid sinus 18.4 10.3 0.08b

Chiasm compression 77.0 47.4 <0.01b

Hormone secreting (%) 28.2 42.2 0.03b

Preoperative medical therapy (%) 11.4 21.2 0.05b

Preoperative hormone replacement (%) 40.9 32.8 0.19b

Primary surgery (%) 77.3 78.4 0.83b

Gross total resection (%) 65.9 87.1 <0.01b

Surgical technique (%) <0.01b

Endoscopic endonasal 46.4 98.4 N/A

Other (microscopic transnasal, sublabial, subfrontal) 53.6 1.6

Abbreviations: MDT, multidisciplinary team; N/A, not available; SD, standard deviation.
aIndependent Samples Student’s t-test.
bPearson’s Chi-square test.
cMann–Whitney U-test.

Fig. 1 Comparison of perioperative length of hospital stay in days
before and after multidisciplinary team (MDT) introduction.
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staxis 1%, intracranial hemorrhage 2%, and meningitis 2%, at
similar rates pre- and post-MDT. New visual deficits were
present in 2% of cases, due to cranial nerve III or VI palsy.
Unplanned return to theater within 30 days of surgery was
required in 9% of all cases, due to definite residual tumor on
immediate postoperative imaging or previously stated com-
plications. There was no perioperative mortality.

Transient DI occurred in 25% of cases and was less
common post-MDT (20 vs. 36%, p< 0.01). SIADH was also

diagnosed in 25% of cases, most instances were mild (70%),
with moderate and severe hyponatraemia in 21 and 9%,
respectively. SIADH was also less common post-MDT (18
vs. 39%, p< 0.01).

Postoperative Outcomes (More than 30 Days
Postsurgery)
New anterior pituitary hormone deficits were seen in 16%
(most commonly hypocortisolaemia> hypothyroidism>Gn

Table 2 Comparison of perioperative outcomes (within 30 days) between pre- and post-MDT groups

Pre-MDT (n¼ 89) Post-MDT (n¼ 190) p-Value

Length of hospital stay (d) 7 (5) 5 (3) <0.01a

Unplanned representation (%) 12.5 9.1 0.39b

Endocrinological

Transient DI (%) 36.4 19.9 <0.01b

SIADH (%) 38.6 17.7 <0.01d

Mild (%) 28.4 11.8 N/A

Moderate (%) 6.8 4.3

Severe (%) 3.4 1.6

Surgical

CSF leak (%) 4.5 4.3 1.00c

Epistaxis (%) 1.1 1.1 1.00c

Intracranial hemorrhage (%) 1.1 1.6 1.00c

Meningitis (%) 2.3 2.2 1.00c

Mortality (%) 0 0 N/A

New visual deficit (%) 1.1 1.6 1.00c

Return to theater (%) 7.0 10.2 0.40b

Abbreviations: CSF, cerebrospinal fluid; DI, diabetes insipidus; MDT, multidisciplinary team; N/A, not available; SIADH, syndrome of inappropriate
antidiuretic hormone.
aIndependent Samples Mann-Whitney U-test.
bPearson’s Chi-square test.
cFisher’s exact test.
dKendall’s tau B.

Table 3 Comparison of long term postoperative outcomes (>30 days) between pre- and post-MDT groups

Pre-MDT (n¼ 89) Post-MDT (n¼ 190) p-Value

Intrasellar residual (%) 34.8 8.4 <0.001a

Endocrinological

Permanent DI (%) 8.0 3.2 0.13b

Hypocortisolaemia (%) 14.8 8.6 0.14b

Hypothyroidism (%) 14.8 4.8 <0.01b

Gn deficiency (%) 6.8 4.3 0.39b

GH deficiency (%) 2.3 0 0.10b

Reoperation within 1 year (%) 6.8 2.6 0.11b

Radiotherapy (%) 11.4 6.4 0.16b

cFree of complication (%) 31.0 58.6 <0.001b

Abbreviations: DI, diabetes insipidus; GH, growth hormone; Gn, gonadotropin; MDT, multidisciplinary team.
aPearson’s Chi-squared test.
bFischer’s exact test.
cFree of all peri- and postoperative complications.
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deficiency>GH deficiency> combinations). Permanent DI
was seen in 5%. Reoperationwithin 1 year was required in 4%
of cases and adjuvant radiotherapy in 8%.

Among the long-term outcomes (>30 days postsurgery),
there were fewer intrasellar residuals in the post-MDT group
(8.4 vs. 35.0%, p< 0.001;►Table 3). Newhypothyroidismwas
also less common in the post-MDT group (5.0 vs. 15%,
p< 0.01). Other outcomes were similar between the groups.

More cases of post-MDTwere free of any peri- or postop-
erative endocrine or surgical complication (59 vs. 31%,
p< 0.001). This difference was retained on multivariate
regression analysis including MDT group, tumor size, hor-
mone secreting status, and surgical technique (odds ratio
[OR]¼ 2.13 [1.05–4.32], p¼ 0.04; ►Table 4 and ►Fig. 2).

Discussion

Since the introduction of a pituitary MDT clinic, in our
institution, there has been benefit in reduction of inpatient
hospital days, less transient DI, less SIADH, less hypothyroid-
ism, less unexpected residual tumor, and overall less com-
plication. This study was implemented and the original
motivation to create a pituitary MDTwas out of convenience
for the involved specialists and patients and less about
improving outcomes. However, after several years, it was

clear that patient outcomes were improving beyond changes
in technology or medication options alone.

However, there were several patient and treatment fac-
tors that have changed in the post-MDT era. Notably, the shift
to endoscopic only surgical approach (46.4 vs. 96.4%,
p< 0.01), more functional tumors undergoing surgical inter-
vention (28.2 vs. 42.2%, p¼ 0.03), higher case load (5 years
either side: n¼ 190 vs. n¼ 89), and fewer participating
surgeons with two surgeons performing the majority of
cases post-MDT (78.2 vs. 56.2%, p< 0.01). There was also
an increased rate of gross-total resection (GTR) in the post-
MDT era. This increase may be a reflection of the increased
number of functional tumors that were treated post-MDT, as
the goal for these patients would include emphasis on GTR of
the tumor. As a direct result of the MDT, tumors were being
discussed earlier and regularly during their management
and were potentially referred for surgical intervention soon-
er in the treatment paradigm. The MDT institution also
culled out the “occasional” pituitary surgeon as they did
not attend meetings, were not comfortable meeting the
standard or request of the MDT, and subsequently referral
patterns changed. This in turn led higher case-loads for the
participating surgeons and potentially skill improvement.
This occurred in both neurosurgical and otolaryngology
surgeons in our study. High volume surgical centers with
higher individual surgeon caseloads have been associated
with lower postoperative complication rates,28 but the con-
cept of achieving a better endocrinological outcome or GTR is
as much a product of theMDT involvement and expectations
that are set for a patient care pathway, in our opinion.

Less transient DI, SIADH, and permanent hypothyroidism
postpituitary surgerywas found post-MDT. Rates of CSF leak,
epistaxis, severe intraoperative hemorrhage, meningitis,
new visual deficits, and intraoperative mortality were in
line with rates reported in the literature.22,29–33 In the post-
MDT era, more patients were free of any complication and
length of hospital stay was shorter.

Following the introduction of an MDT, a lower rate of
intrasellar residual tumor was detected on the 3-month
postoperative MRI, consistent with the increased number
of surgeries post-MDT with curative intent. This is likely a

Table 4 factors influencing any peri- or postoperative
complication

Risk of complication during pituitary care

Treatment and disease
factors

OR (95% CI) p-Value

Pre-MDT 2.13(1.05–4.32) 0.04a

Microadenoma 1.19(0.52–2.72) 0.68a

Endoscopic only
surgical access

0.51(0.21–1.27) 0.15a

Nonfunctioning adenoma 1.24(0.69–2.24) 0.47a

Abbreviations: CI, confidence interval; MDT, multidisciplinary team.
aBinomial logistic regression.

Fig. 2 Factors influencing any perioperative or postoperative complications
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combination of the skills of more dedicated pituitary sur-
geons needing to meet the MDT’s expectations. Similar care
models, in the United Kingdom, inwhich one to two pituitary
surgeons per center, undertaking 30 to 40 operations per
year are established.34,35 All of these findings suggest a
correlation between the introduction of an MDT and is not
explained simply by increased endoscopic surgical tech-
nique, as this is not a significant factor in regression analysis,
(pre-MDT, OR¼ 2.13[1.05–4.32]; p¼ 0.04).

Multidisciplinary collaboration is likely to allow for better
awareness and adoption of technical and conceptual advan-
ces,14 and integration of these into appropriate treatment
algorithms. This has already been demonstrated for endo-
scopic techniques and newer medical and radiographic
therapies.23,36 Centers where pituitary surgery is currently
performed at a high volume may benefit from the introduc-
tion of an MDT or consider referral to MDT driven centers as
suggested in the Pituitary Society Centers of Excellence
guidelines.9

Conclusion

Outcomes of pituitary surgery were demonstrated improve-
ment after introduction of an MDT at a single center. This
included increased curative resection rates, lower complica-
tion rates, and shorter hospital stays.
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