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Abstract

Patients with Cushing disease (CD) may present with both chronic and acute perioperative complications that necessitate multidisciplinary
care. This review highlights several objectives for these patients before and after transsphenoidal surgery. Preoperative management includes
treatment of electrolyte disturbances, cardiovascular comorbidities, prediabetes/diabetes, as well as prophylactic consideration(s) for thrombo-
embolism and infection(s). Preoperative medical therapy (PMT) could prove beneficial in patients with severe hypercortisolism or in cases of
delayed surgery. Some centers use PMT routinely, although the clinical benefit for all patients is controversial. In this setting, steroidogenesis
inhibitors are preferred because of rapid and potent inhibition of cortisol secretion. If glucocorticoids (GCs) are not used perioperatively, an imme-
diate remission assessment postoperatively is possible. However, perioperative GC replacement is sometimes necessary for clinically unstable
or medically pretreated patients and for those patients with surgical complications. A nadir serum cortisol of less than 2 to bug/dL during 24
to 74 hours postoperatively is generally accepted as remission; higher values suggest nonremission, while a few patients may display delayed
remission. If remission is not achieved, additional treatments are pursued. The early postoperative period necessitates multidisciplinary aware-
ness for early diagnosis of adrenal insufficiency (Al) to avoid adrenal crisis, which may also be potentiated by acute postoperative complications.
Preferred GC replacement is hydrocortisone, if available. Assessment of recovery from postoperative Al should be undertaken periodically. Other
postoperative targets include decreasing antihypertensive/diabetic therapy if in remission, thromboprophylaxis, infection prevention/treatment,
and management of electrolyte disturbances and/or potential pituitary deficiencies. Evaluation of recovery of thyroid, gonadal, and growth
hormone deficiencies should also be performed during the following months postoperatively.

Key Words: Cushing, perioperative management, cardiovascular, thromboprophylaxis, infection, remission
Abbreviations: ACTH, adrenocorticotropin; Al, adrenal insufficiency; BLA, bilateral adrenalectomy; CD, Cushing disease; CS, Cushing syndrome; CV, cardiovas-
cular; DI, diabetes insipidus; DST, dexamethasone suppression test; DVT, deep vein thrombosis; GC, glucocorticoid; HPA, hypothalamic-pituitary-adrenal; PJP,

Pneumocystis jiroveciipneumonia; PMT, preoperative medical therapy; SIADH, syndrome of inappropriate antidiuretic hormone; (TSS, transsphenoidal pituitary
surgery; UFC, urinary free cortisol; ULN, upper limit of normal; VTE, venous thromboembolism.

Cushing syndrome (CS), comprising all etiologies of cortisol
excess, is associated with important morbidities including
cardiovascular (CV), thromboembolic, metabolic, infectious,
musculoskeletal, psychiatric, and other complications [1-4].
Cushing disease (CD), the most frequent cause of endogenous
CS, is due to an adrenocorticotropin (ACTH)-producing
corticotroph pituitary adenoma leading to cortisol overpro-
duction. Mortality in patients with untreated CS is high and
mostly due to CV, thromboembolic, and infectious causes
[1, 2, 5]. The management of patients with CS is complex
and requires clinicians to address multiple aspects of this
multimorbid condition from the moment of initial diagnosis.

The first line treatment for most patients with CD is
transsphenoidal pituitary surgery (TSS), which generally
achieves remission in 70% to 90% of microadenoma cases but
is lower for macroadenomas [3, 4]. Surgery should ideally be
performed in a high-volume center by an experienced pituitary
surgeon [3, 4]. While surgery is expected to induce remission
and improve cortisol-related morbidities, the perioperative

period, from the time of diagnosis until at least 3 months
postoperatively, is marked by the highest rate of morbidity
and mortality [6, 7]. Therefore, it is crucial to assess and treat
hypertension, hypokalemia, hyperglycemia/diabetes, as well as
assess the risk of thromboembolic and infectious complications
and use preventive measures to reduce this risk. Notably, the
risk of complications such as stroke, thromboembolism, and
sepsis could persist even during long-term remission [8].

Furthermore, besides management of complications, the im-
mediate postoperative period is critical in assessment for surgical
success. Adrenal insufficiency (Al) indicates postoperative remis-
sion, and requires adequate glucocorticoid (GC) replacement to
prevent severe GC withdrawal symptoms or even adrenal crisis
[3]. Additionally, sodium derangements are common and require
close monitoring and treatment [3, 9, 10].

In this review, we discuss in detail the aforementioned
aspects of care. We aim to provide comprehensive and
evidence-based information to help clinicians with periopera-
tive care of patients with CD (Fig. 1 [4, 9, 11, 12]).
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* biochemical and/or clinical evidence

of AI (all patients with cortisol < 5 pg/dl,

most with 5-10 pg/dl); start GC
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Figure 1. Suggested algorithm for perioperative management of Cushing disease. Al, adrenal insufficiency; DI, diabetes insipidus; DST, dexamethasone
suppression test; GC, glucocorticoids, HPA, hypothalamic-pituitary-adrenal; I&QO, intake and output; IPSS, inferior petrosal sinus sampling; LNSC, late-
night salivary cortisol; Na*, sodium; SIADH, syndrome of inappropriate antidiuretic hormone; UFC, urinary free cortisol. *See Tables 1 and 2. Adjust
antihypertensive and antihyperglycemic regimen proactively if remission is achieved postoperatively. Urine osmolality/specific gravity may be checked
daily and/or as needed paired with serum sodium every 6 to 12 hours depending on local protocols.

Management Considerations for Patients With
Cushing Disease Before Pituitary Surgery

Case 1

A 54-year-old woman presents with centripetal weight gain,
skin thinning, easy bruising, poor wound healing, hyperten-
sion, and muscle weakness. She has a history of a stress foot
fracture, complicated by deep vein thrombosis (DVT) after
surgical repair. Her 24-hour urinary free cortisol (UFC) is
480 pg/d (< 45 pg/d), serum cortisol of 15 pg/dL on a 1-mg
dexamethasone suppression test (DST; normal < 1.8 pg/dL), a
late-night salivary cortisol of 1.114; 0.564 pg/dL (< 0.112 pg/
dL), and ACTH of 55 (normal <45 pg/mL). Pituitary mag-
netic resonance imaging scanning shows a 4-mm pituitary ad-
enoma. Inferior petrosal sinus sampling confirms a pituitary
source. Transsphenoidal surgery is recommended.

Should This Patient Be Anticoagulated? When
and for How Long?

Hypercortisolism creates a prothrombotic state by al-
tering multiple factors of coagulation cascade, regulators

of fibrinolysis, and platelet function [1, 2, 13, 14]. Several
studies have shown that procoagulation factors (eg, factor
VIII, fibrinogen, von Willebrand factor) exhibit increased ac-
tivity resulting in shortened activated partial thromboplastin
time and compensatory increase in coagulation inhibitors
(protein C, protein S, and antithrombin III) [13-17]. Platelets,
thromboxane A2, and thrombin-antithrombin complexes are
also increased, while fibrinolytic capacity is decreased [13,
14, 18]. In addition, chronic endothelial damage and athero-
sclerosis observed in patients with CS as well as in obesity,
diabetes, and hypertension also contribute to thrombogenesis
[19-22]. Abnormal coagulation parameters are not always
present in CS cases and they do not correlate with the de-
gree of hypercortisolemia or risk of thrombosis [14, 16, 17].
Therefore, they cannot be reliably used in clinical practice to
assess the need for anticoagulation. Instead, the risk of throm-
bosis is assessed based on current knowledge of epidemiology
of DVT/pulmonary embolism in CS as well as the individual’s
medical history and clinical scenario [2].

The risk of venous thromboembolism (VTE) in patients with
CS is roughly 18 times higher than in the general population
[14]. The risk appears to be higher during the first year after
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diagnosis, peaking 2 to 3 months postoperatively [5, 6, 23], and
VTE rates in the postoperative period could be up to 20% [18].
While surgery itself is a VTE risk factor because of reduced am-
bulation and changes in the coagulation system [24], an acute
cortisol drop that occurs in the postoperative period has been
implicated as a cause of this increased risk [2, 14]. Withdrawal
of GC anti-inflammatory action could further enhance a
procoagulatory state. Bilateral adrenalectomy (BLA) has been
associated with even higher odds of VTE, though it is not known
whether BLA itself or the underlying disease (eg, severe CS or
presence of cancer) is responsible for this observation [2, 23].

Retrospective studies have shown a reduction in
VTE events when using several weeks of postoperative
thromboprophylaxis with heparin, low-molecular-weight
heparin, and warfarin in patients with CS [25, 26]. In one
study, a 2-week treatment with unfractionated heparin fol-
lowed by 4 months of warfarin resulted in a 3-fold reduc-
tion of VTE events (6% in treated vs 20% in the untreated
group), though retrospective design and changes in practice
over time may have affected the results [26]. Importantly,
no statistically significant bleeding events were reported [25,
26]. A recent consensus on management of CS provided ex-
pert recommendation for anticoagulation, advising the con-
sideration of it for all patients with the highest risk of VTE
[4]. As such, patients with a history of VTE, thrombophilic
states, severe hypercortisolism, use of estrogen/testosterone,
prolonged preoperative or postoperative hospitalization, and
high postoperative cortisol levels or GC overreplacement
should be considered for anticoagulation [4]. Holding es-
trogen/testosterone supplementation perioperatively has also
been suggested [4]. In addition, clinicians should take into
account other factors that may increase VTE risk, such as ac-
tive cancer, smoking, immobilization, and older age. However,
risk of bleeding and intracranial hemorrhage should be as-
sessed individually in a multidisciplinary fashion.

Commonly wused thromboprophylaxis agents include
low-molecular-weight heparin, fodaparinux, and direct oral
anticoagulants (Table 1 [2, 27, 28]). Aspirin, unfractionated
heparin, and warfarin are rarely used. VITE prophylaxis
may be initiated 24 to 48 hours after surgery and continued
for 2 to 6 weeks [2, 4]. Longer regimens of 2 to 3 months
should be considered for patients with the highest throm-
botic risk, particularly after BLA [2, 5]. Some clinicians ini-
tiate thromboprophylaxis immediately after the diagnosis
of CS if the risk of VTE is considered high. In this case,
anticoagulation should be held before the surgery and the
timing coordinated with the surgeon [4]. Additionally, early
ambulation and intermittent compression devices are recom-
mended during the postoperative period [2, 29].

Case 1 continued

Given a prior history of DVT, this patient is started on
Lovenox (enoxaparin) shortly after diagnosis and held 2 days
before surgery and reinitiated 3 days after with continuation
for 6 weeks. No thromboembolic events or bleeding compli-
cations are encountered.

How Can Cardiovascular Risk Be Reduced
Perioperatively? Does This Patient Need a
Preoperative Cardiology Evaluation?

Chronic hypercortisolism elevates CV risk via a combin-
ation of pathophysiological mechanisms; development of

insulin resistance and diabetes by inducing visceral fat ac-
cumulation, decreasing insulin secretion and incretin action,
and by inducing lipolysis and free fatty acid release [30-32].
These changes, along with endothelial damage and chronic
inflammation, are major contributors to atherosclerosis and
CV disease [33, 34]. Hypercortisolism also induces hyperten-
sion by activating mineralocorticoid receptor(s), the renin-
angiotensin-aldosterone system, and the sympathetic nervous
system [2, 35]. In addition, mineralocorticoid receptor acti-
vation leads to hypokalemia, which can cause QT interval
prolongation and serious heart arrhythmias [36, 37].

CV events occur more frequently around the time of CS
diagnosis and postoperatively [5, 6]. Therefore, height-
ened attention to the recognition and active management
of cardiometabolic comorbidities should reduce periopera-
tive risk. Many patients with CS are already being treated
with antihypertensive, antihyperglycemic, and lipid-lowering
medications at the time of a CS diagnosis; however, treatment
is not always optimized. Though comorbidities typically im-
prove with CS remission, hazard ratios for myocardial in-
farction and stroke remain elevated compared to the general
population (hazard ratio = 3.7 and 2.0 for myocardial infarc-
tion and stroke in patients with CS) [6].

Treatment of hypertension in patients with CS includes the
use of mineralocorticoid antagonists, angiotensin-converting-
enzyme inhibitors, angiotensin receptor 2 blockers, and
B-blockers [2]. Loop diuretics are helpful in edematous states,
but may further worsen hypokalemia and potassium replace-
ment is often necessary in moderate-to-severe CS cases. Of
note, medical therapy with mifepristone, metyrapone, or
osilodrostat may cause or worsen hypokalemia, hyperten-
sion, and peripheral edema in some patients. Mifepristone
blocks GC receptors, thus cortisol levels often increase during
treatment, and these excessive levels could activate min-
eralocorticoid receptors [38]. Metyrapone and osilodrostat
block 11-B-hydroxylase (converts 11-deoxycortisol into cor-
tisol and 11-deoxycortisone into corticosterone) and aldos-
terone synthase (converts corticosterone into aldosterone).
Accumulation of deoxycorticosterone and subsequent activa-
tion of mineralocorticoid receptors can induce hypertension
in some patients [39]. However, patients with controlled and
partially controlled mean UFC on osilodrostat in the LINC3
study had improvement in their blood pressure at week 24,
whereas patients with uncontrolled mean UFC did not.
Interestingly, at week 48, improvement in blood pressure oc-
curred regardless of UFC status [40, 41].

Mineralocorticoid blockade with spironolactone or
eplerenone could be effective at controlling these side effects
[38,40,42]. Postoperatively, if remission is achieved, it is often
necessary to promptly reduce or discontinue antihypertensive
medications as well as potassium supplements.

The identification and treatment of CV cortisol-related
comorbidities such as coronary artery disease or heart failure
necessitates a proactive approach, based on personalized risk
and on the clinical situation (more rarely observed in young
patients), and if suspected, the patient should be referred
to cardiology for risk evaluation. It is unknown whether
screening with echocardiogram or stress testing is needed in
asymptomatic patients with CS, particularly before surgery.
Aspirin is used for secondary prevention of CV events and is
also effective in primary prevention of coronary artery disease
[43-45]; as such it may be considered for high-risk patients
preoperatively if surgery is delayed or postoperatively in
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Agent class Examples

Comments

Low-molecular-weight heparin Enoxaparin

— Subcutaneous daily administration

—Dose adjustment is necessary for renal impairment and weight

— Subcutaneous twice or thrice daily administration

—May not be available in the outpatient setting

—No adjustment needed for renal impairment

— Subcutaneous daily administration

— Sometimes used in patients with heparin induced thrombocytopenia

— Contraindicated in severe renal impairment

— Oral administration

— Rivaroxaban is approved for acutely ill hospitalized medical patients and
for orthopedic patients (knee and hip replacement)”

— Dabigatran is approved for hip replacement and apixaban for knee and
hip replacement®

— Not used in severe renal impairment

— Levoketoconazole increases levels of dabigatran (avoid combination) [27]

— Ketoconazole increases levels of rivaroxaban (avoid combination),

Dalteparin
Tinzaparin
Unfractionated heparin
Factor Xa inhibitor Fondaparinux
Direct anticoagulants Rivaroxaban
Dabigatran
Apixaban
Acetyl salicylic acid Aspirin

dabigatran, and apixaban (consider therapy modification) [28]

— Very rarely used in nonorthopedic patients

— May be used if other agents are contraindicated or not available

— Consider concomitant use of gastrointestinal prophylaxis with a proton-

Warfarin

pump inhibitor

— Very rarely used for routine thromboprophylaxis; concurrent use of
ketoconazole results in increased level of warfarin [28]

Mechanical prophylaxis using intermittent pneumatic compression or elastic stockings in addition to pharmacologic agents for higher-risk patients.

“Food and Drug Administration—approved indications.

persistent CD patients who are at increased risk of CV events.
However, this should be balanced with the risk of bleeding.
Statins have an established benefit of CV risk reduction, and
initialization in high-risk patients is recommended [46].

Treatment of hyperglycemia and diabetes is essential and
should not be delayed. Mild hyperglycemia may be ameli-
orated with metformin. Sodium-glucose cotransporter 2
(SGLT-2) and glucagon-like-1 (GLP-1) could be particularly
beneficial in patients with CS who also have CV disease
[47], but severe hyperglycemia should be addressed by in-
sulin therapy. In more severe cases, such as hospitalized pa-
tients with CS, intravenous insulin infusion may be required
for hyperglycemia control [2, 48] (Table 2 [27, 28, 39, 44,
47-55]). In patients with postoperative remission, proactive
reduction of antihyperglycemic medications is necessary be-
cause of the risk of hypoglycemia.

How Can one Lower This Patient’s Risk of
Infection, Including Pneumocystis jirovecii?

CS causes immunosuppression and increases the risk of a var-
iety of infections, both typical and opportunistic bacterial,
viral, and fungal [1, 6]. Similar to CV and thromboembolic
complications, the incidence of infections is highest during
active hypercortisolism and the first 3 months after surgery
[S, 6]. Urinary tract infections, skin and soft-tissue infections,
pneumonia, and sepsis are the most frequent types [5].
Pneumocystis jirovecii pneumonia (PJP) is a rare,
life-threatening opportunistic infection with a high mortality

rate [1, 2, 56]; risk is highest during rapid cortisol decline
either after surgery or on initiation of medical therapy [56].
The pathophysiology behind this is thought to be immune re-
constitution syndrome, manifesting as a vigorous response to
the infectious organisms colonizing the lungs of an immuno-
compromised patient [56]. It presents with substantial hyp-
oxia, dyspnea, fever, and ground-glass opacities on imaging.
If not promptly recognized and treated, PJP can be fatal, and
therefore clinicians should be aware of the possibility of this
rare complication. Treatment of PJP is with trimethoprim-
sulfamethoxazole, usually in combination with prednisone
[57-59].

There is no current guideline on the prevention of PJP in
patients with CS. Based on published case reports and retro-
spective series, the risk of PJP is the highest in those with
severe CS, particularly when UFC is greater than 20 times
the upper limit of normal (ULN) [56]. However, milder
cases of CS (UFC ~ 5 x ULN) with PJP have been described
[56]. It has been previously suggested that PJP prophylaxis
be considered for patients with UFC greater than 10 times
the ULN and patients with other risk factors for immuno-
deficiency [2]. Prophylaxis, if considered, should be initiated
before surgery or cortisol-lowering therapy and continued for
at least 2 weeks or until the patient is no longer considered
immunosuppressed [2]. The most commonly used agent is
the trimethoprim-sulfamethoxazole double-strength tablet
(160/800 mg) or single-strength tablet (80/400 mg) admin-
istered daily. Side effects include fever, rash, agranulocytosis,
nausea/vomiting, and elevated transaminases. There is a risk
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fatal [14]. The severity of COVID-19 disease may depend on
the degree of hypercortisolemia and comorbidities and fur-
ther worsened by hypercoagulability associated with both
conditions [14]. Of note, computed tomography scan appear-
ances of SARS-CoV-2 infection (ground-glass opacities) may

of QT prolongation and hepatotoxicity if administered con-
currently with ketoconazole. Other prophylaxis regimens are
also available [57, 59].

A few cases of SARS-CoV-2 infection in patients with CS have
been reported in the literature, varying from asymptomatic to

Table 2. Management considerations for cardiovascular and metabolic complications in Cushing syndrome

Complication Agent Considerations Drug-drug interactions®
DM Metformin First-line agent in all patients unless contraindicated Levoketoconazole increases
levels of metformin [27]
Beneficial in insulin resistant states [47, 49, 50, 55] - Monitor
SGLT-2 inhibitors ~ Demonstrated CV benefit for DM2 patients with atherosclerotic CV disease
or kidney disease [44, 47, 49, 50, 55]
Risk of genitourinary infections might be higher in CS
Risk of fractures
GLP-1 agonist Demonstrated CV benefit for DM2 patients with atherosclerotic CV disease
May be beneficial in CS given impaired insulin secretion/incretin effect
induced by glucocorticoids [48, 49, 55]
DPP4 inhibitors May be beneficial in CS given impaired insulin secretion/incretin effect Ketoconazole may increase
induced by glucocorticoids [48, 49, 55| levels of saxagliptin [54]
- Monitor
Sulfonylureas May be less effective in CS Mifepristone may increase
levels of sulfonylureas
[53]
- Monitor
Thiazolinediones Cause fluid retention and contraindicated in heart failure Ketoconazole increases
levels of pioglitazone
[54]
Side effects may outweigh insulin-sensitizing benefit - Monitor
Insulin Use for severe hyperglycemia and when rapid reduction of blood glucose is
necessary
-Monitor Mineralocorticoid  Block effects of cortisol and cortisol/aldosterone precursors at MR receptor Ketoconazole increases
hypertension levels of eplerenone [54]

Receptor blockers

ACE inhibitors/ARBs

Thiazide diuretics

Loop diuretics

Dihydropyridine
calcium channel
blockers

[-Blockers

Effective for hypokalemia, edema, and hypertension in CS and during
treatment with mifepristone, metyrapone, and osilodrostat

Additional cardiovascular benefits [44, 47]

Target activated RAAS system in CS

Reduce risk of CV events in patients with DM and atherosclerotic disease
[44]

Potential benefit for hypokalemia

Reduce risk of CV events in patients with DM [44]
May worsen hypokalemia

Beneficial in edematous states
May worsen hypokalemia

Reduce risk of CV events in patients with DM

May be used for patients with previous MI, active angina, or heart failure

- Contraindicated

Mifepristone increases
levels of eplerenone [52]

- Avoid

Ketoconazole increases
levels of losartan [54]

- Monitor

Mifepristone increases
levels of losartan [52]

- Monitor

Ketoconazole increases
levels of nifedipine [28]

- Consider therapy
modification

Mifepristone may increase
levels of carvedilol [52]

- Monitor

Ketoconazole increases
levels of amlodipine [28]

Osilodrostat may increase
levels of carvedilol and
propranolol [39]
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Table 2. Continued

Complication Agent Considerations Drug-drug interactions®
Hyperlipidemia  Statins First-line in all patients with DM and atherosclerotic disease Ketoconazole and
levoketoconazole

increase levels of
simvastatin and
lovastatin [27, 54]

For patients with DM but without established atherosclerotic disease, use - Contraindicated

based on ADA guidelines [44] Ketoconazole and

Levoketoconazole
increase levels of
atorvastatin [27, 28]

- Monitor

Mifepristone increases
levels of simvastatin and
lovastatin [53]

- Contraindicated

Osilodrostat increases level
of simvastatin [51]

- Monitor

Mifepristone increases level
of atorvastatin [52]

- Monitor
Ezetimibe Add-on therapy to maximally tolerated statin in patients with very high CV
risk [44]
PCSK9 inhibitors Add-on therapy to maximally tolerated statin in patients with very high CV
risk [44]
Antithrombotic ~ Aspirin (or Secondary prevention in patients with DM and atherosclerotic CV disease ~ Ketoconazole decreases
therapy clopidogrel if [44] effects of clopidogrel

allergy to aspirin) Primary prevention in patients with DM who are at increased CV risk (after  [54]; consider alternative
risk-and-benefit discussion) [44]

Hypokalemia Potassium Oral in most cases, intravenous in severe cases
replacement
Mineralocorticoid ~ Block effects of cortisol and cortisol/aldosterone precursors at MR receptor Ketoconazole increases
levels of eplerenone [54]
Receptor blockers  Effective for hypokalemia in CS and during treatment with mifepristone, - Contraindicated
metyrapone, and osilodrostat Mifepristone increases
levels of eplerenone [52]
- Avoid
ACE inhibitors/ARBS Potential benefit for hypokalemia Ketoconazole increases
level of losartan [54]
- Monitor
Mifepristone increases
levels of losartan [52]
- Monitor
Screening for Multidisciplinary evaluation in conjunction with PCP, cardiology and preoperative medicine
CV disease History, symptoms (eg, dyspnea, chest pain, edema), physical exam
Resting EKG preoperatively; additional CV testing and imaging may be needed based on clinical
evaluation
CV risk assessment using established tools (eg, revised cardiac risk index, American College of
Surgeons surgical risk calculator) prior to surgery

Referral to cardiology for established CV disease and/or if CV disease is highly suspected

Abbreviations: ACE, angiotensin-converting enzyme; ADA, American Diabetes Association; ARB, angiotensin II receptor blocker; CS, Cushing syndrome;
CV, cardiovascular; DM, diabetes mellitus; DM2, type 2 diabetes mellitus; EKG, electrocardiogram; GLP-1, glucagon-like peptide 1; MI, myocardial
infarction; MR, mineralocorticoid receptor; PCP, primary care provider; RAAS, renin-angiotensin-aldosterone system; SGLT-2, sodium-glucose
cotransporter 2.

“Summary of major drug-drug interactions.

be similar to those of PJP [60]. It is important not to overlook Because hyperglycemia is one of the major risk factors for
PJP as cases of concurrent SARS-CoV-2 infection and PJP as infection, optimal glucose control is paramount. Continuous
well as post—-COVID-19 development of PJP have been re-  insulin infusion with frequent blood sugar monitoring may

ported [61, 62]. need to be initiated in severely ill hospitalized patients or
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postoperatively, when tighter glucose control is usually ne-
cessary [2,48].

Perioperative antibiotic prophylaxis is frequently used to
reduce the risk of meningitis and sinusitis after TSS for pi-
tuitary adenomas, though there are no controlled studies in
this area [63, 64]. Cerebrospinal fluid leak, comorbidities
(particularly those observed in CD cases), preexisting sinus
disease, nasal packing, and other factors increase the risk of
infection, and researchers support perioperative antibiotics in
such situations [64].

Last, vaccination against SARS-CoV-2, pneumococcus, in-
fluenza, and herpes zoster are recommended in all eligible
patients [3, 65]. However, live vaccines should not be admin-
istered to immunocompromised individuals [66].

Are There any Benefits in Starting
Medical Therapy to Treat Cushing Disease
Preoperatively?

Once a diagnosis is established, pituitary surgery by an experi-
enced surgeon should ideally be performed shortly. However,
some patients may experience delays lasting weeks because of
a lack of access to surgery or other factors, or may be con-
sidered “too ill” to undergo surgery [4, 67]. Furthermore, in
light of the COVID-19 pandemic, many patients had their
surgery further delayed [68, 69]. When surgery cannot be per-
formed within a reasonable period of time, preoperative med-
ical therapy (PMT) can be considered [4]. The goal of PMT is
to reduce hypercortisolemia or block GC receptor(s) to reduce
symptoms and CS complications such as hyperglycemia/dia-
betes, hypertension, hypokalemia, infection, and psychiatric
symptoms [67]. Some centers use cortisol-lowering therapy
routinely, with a rationale of improving postoperative re-
covery and wound healing and reducing infection risk [67,
70]. Other potential proposed benefits include reduction of
intraoperative bleeding (though not confirmed) and reduction
in the degree of postoperative Al [67, 70].

Despite PMT’s potential advantages, the data on out-
comes, either perioperative or postoperative, are scarce and
heterogeneous. One retrospective study found a lower VTE
rate in medically pretreated patients before TSS compared to
treatment-naive patients (2.5% vs 7.2%) [71]. On the other
hand, data from a large European registry showed no differ-
ence in perioperative mortality or prevalence of postsurgical
morbidities, including thromboembolism, within 6 months
postoperatively between the groups of patients with CS who
received and did not receive PMT [67]. Of note, patients who
received PMT were “sicker” as determined by their higher
blood pressure, muscle weakness, and skin changes; UFC data
were lacking in this study. Future prospective studies would
help clarify the role of routine PMT.

If medical therapy is considered, most clinicians select ad-
renal steroidogenesis inhibitors, as they have a rapid onset
of action (except mitotane) and the ability to suppress cor-
tisol in a dose-dependent manner [39]. Currently available
steroidogenesis inhibitors approved by the US Food and
Drug Administration and European Medical Agency include
osilodrostat for the treatment of patients with CD and CS,
respectively. Approved in Europe, but used off-label in the
United States, are metyrapone and ketoconazole. Etomidate,
an anesthetic with cortisol-inhibiting properties, is available
in an intravenous form and is used for severe, life-threatening

hypercortisolism as a bridge therapy to definitive surgical
therapy [3, 4, 72]. Mitotane is rarely used in CD cases [39].
Other classes of medications include somatostatin-receptor lig-
ands (pasireotide) and dopamine agonists (cabergoline), which
potentially reduce ACTH production by the corticotroph ad-
enoma. However, they are rarely used preoperatively given
their lower efficacy compared with adrenal steroidogenesis
inhibitors. In addition, because pituitary-targeted therapies
have been shown to reduce adenoma size [73, 74], there is
a theoretical risk that very small adenomas can become even
more difficult to identify during surgery. The GC receptor
blocker mifepristone has also been used in selected cases with
severe diabetes as preoperative treatment [3, 4, 72]; however,
it is usually not first line. Of note, high doses of dexametha-
sone are needed to overcome cortisol receptor blockade [38]
if used preoperatively to avoid intraoperative Al

Retrospective data show that the preoperative use of
steroidogenesis inhibitors ketoconazole, metyrapone, or both
is able to achieve cortisol normalization in approximately
40% to 50% of patients at an average of 3 o 4 months [735,
76]. A rapid reduction (~70%) in UFC occurred within
1 month of treatment with metyrapone at a median dose of
1000 mg/d [77]. Ketoconazole also has a rapid onset of ac-
tion and induces rapid decrease in cortisol at doses of 600 to
800 mg/d [78]. Clinical improvement (hypertension, diabetes,
hypokalemia) was noted in approximately 50% of patients
treated with ketoconazole preoperatively during a median of
4 months [75]. Treatment with metyrapone similarly results
in clinical improvement [70, 76, 77]. Osilodrostat has been
studied mostly in patients who had failed TSS, but showed
rapid UFC improvement. Therefore, it could be envisioned
to work in a preoperative setting, also. A prospective, open-
label, phase 2 trial of 19 patients treated with osilodrostat
demonstrated that 84.2% of patients had normalized UFC
at 10 weeks [79]. Median time to normalization of UFC was
41 days in a phase 3 trial, and clinical improvement was
noted within the first 12 weeks of treatment [40].

Interestingly, the Study of levOketocoNazole In Cushing’s
Syndrome (SONICS) included almost one-third of patients
naive to all treatments for CS, but efficacy in normalizing
UFC was somewhat lower (~ 40% using similar criteria with
previous studies) [80].

If a very rapid control of hypercortisolism is desired, higher
doses of steroidogenesis inhibitors are needed, thus poten-
tially increasing the risk of Al. One approach to prevent Al is
to administer replacement doses of hydrocortisone or dexa-
methasone concurrently with steroidogenesis inhibitors. This
is known as the block-and-replace strategy and it allows the
achievement of eucortisolemia, particularly in severe cases.
On the other hand, lower starting doses of steroidogenesis
inhibitors (eg, osilodrostat 1-2 mg twice daily, metyrapone
250 mg 4 times daily, or ketoconazole 200 mg twice daily)
and slower titration is preferred in patients with less severe
disease as cortisol withdrawal symptoms and Al are common
even with typical doses [39].

Medical therapy is frequently associated with various
other side effects. Ketoconazole and levoketoconazole
may cause gastrointestinal distress, hepatotoxicity, and QT
interval prolongation, especially if coadministered with other
QT-prolonging drugs [39]. Metyrapone and osilodrostat,
but also mifepristone, could cause hypokalemia, edema, and
hypertension. Given an unclear benefit of routine PMT and



potential adverse effects, PMT should be offered on an indi-
vidual basis, mainly if the surgery is delayed, not feasible, or
if hypercortisolism is severe or life-threatening [4].

Low and undetectable postoperative cortisol is generally
interpreted as evidence of remission, while “normal” levels
are interpreted as a marker of persistent disease, as discussed
later. Importantly, PMT may affect postsurgery cortisol levels.
It has been suggested that preoperative cortisol normaliza-
tion helps suppressed corticotropes to recover, thus leading
to less postoperative Al [67, 81]. In the European Registry
on Cushing’s Syndrome (ERCUSYN) registry, patients who
received PMT were less frequently reported to have low or
undetectable cortisol levels compared to a group that re-
ceived surgery only (60% vs 69% respectively, P =.01) [67].
However, this has not been confirmed in other studies, which
showed either no difference in remission or even improved
remission rates after PMT [76, 82, 83].

Management Considerations Immediately
After Pituitary Surgery

Case 1 continued

The patient undergoes an uncomplicated transsphenoidal re-
section of the pituitary mass. Pathology confirms corticotroph
adenoma. The patient’s postoperative cortisol levels are 2.6,
1.7,1.2,and 1.0 pg/dL, and ACTH levels are 6, 5, 4, and 4 pg/
mL, measured every 6 hours starting postoperative day 1. The
patient is started on hydrocortisone replacement 20 mg 2
times daily with subsequent gradual dose taper.

How Should one Assess for Disease Remission
in the Immediate Postoperative Period?

Disease remission immediately postoperatively is assessed by
measuring nadir serum cortisol, which usually occurs within
48 hours after surgery if no perioperative GC was adminis-
tered, but this is variable [84, 85]. Since normal corticotroph
cells are suppressed in CD, secondary Al after complete re-
moval of the tumor is regarded as evidence of remission, and
can continue for months and even years [3, 12]. Most studies
report a high likelihood of durable remission if postoperative
nadir serum cortisol is less than 2 pg/dL (< 55 nmol/L) [4,
12, 85-87]. A cortisol nadir of 2 to 5 pg/dL (55-138 nmol/L)
has also been considered as remission in many studies; the
likelihood of recurrence appears to be similar in most studies
to that of patients with cortisol of less than 2 pg/dL (10% in
the long term in some studies) [81, 88, 89]. A cortisol greater
than 5 to 10 pg/dL signifies nonremission; however, some pa-
tients experience a delayed remission [90]. Indeed, cortisol
nadir on day 3 has been sometimes observed, suggesting that
monitoring for up to 72 hours without GC maybe needed, es-
pecially if early reoperation is considered [85]. Nevertheless,
earlier hypocortisolemia of less than or equal to 2 pg/dL, be-
fore 21 postoperative hours, appeared to more accurately pre-
dict 1-year remission in one study [91]. Last, because medical
pretreatment of CD can alter postoperative cortisol levels,
normal levels in those who received PMT could be misleading.

Measurement of ACTH is often incorporated into early
postoperative assessment(s); however, its role is less clearly
defined. A postoperative nadir ACTH value lower than 15 to
20 pg/mL (3.3-4.4 pmol/L) has been described as a prognostic
marker for remission [92, 93]. A combination postoperative
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nadir cortisol of less than 2 pg/dL and ACTH of less than §
pg/mL had a 100% positive predictive value for remission in
one study [86]. In the same study, persistent disease was be
predicted by an ACTH greater than 15 pg/mL (87.5% posi-
tive predictive value) [86].

A 24-hour UFC level of less than 10 to 20 pg/d
(<28-56 nmol/d) suggests remission; however, it may be
difficult to obtain accurate 24-hour UFC in the imme-
diate postoperative period, particularly if GC is given
perioperatively, and very few centers use this currently [94,
95]. Late-night salivary cortisol may be more useful in pa-
tients with normal 24-hour UFC preoperatively, cyclic CS, and
those pretreated medically as their morning serum cortisol
may not fall drastically after TSS [95]; the DST is considered
less reliable in the assessment of remission especially because
cortisol cutoff is not agreed on [96]. While some of these tests
are not routinely used in the immediate postoperative period
in the United States, differences in local practice exist world-
wide as reflected in the International Pituitary Society Delphi
Survey [97].

Delayed normalization of 24-hour UFC and DST has been
also described. In a study of 620 cases of TSS for CD, 5.6% of
patients with early postoperative normal or elevated 24-hour
UFC had a delayed cortisol decrease and remission achieved
at 38 days (SD = 50 d) postoperatively [90]. Another study
evaluating long-term outcomes of 426 patients with CD found
that 4% of patients who failed to adequately suppress cor-
tisol after a 2-mg DST in the early postoperative period were
in remission 6 months postoperatively [98]. Therefore, ini-
tial postoperative hormonal evaluation might be misleading
and expectant management and follow-up testing for 6 to 12
weeks [90], depending on the clinical and biochemical pic-
ture, might be needed to avoid unnecessary early reoperation.

Which Factors Predict Remission and
Recurrence? IsThere a Role of Pathological
Confirmation?

A recent meta-analysis (88 studies) confirmed consistent re-
mission rates over the last 4 decades, 83% in microadenomas
and 68% in macroadenomas [3, 87]. Factors that affect re-
mission rates include adenoma size, invasiveness, presence of
adenoma on imaging, and ACTH* adenoma on pathology,
number of surgeries, the surgeon’s experience, and others
[3, 87]. Postoperative remission is lower in patients with
larger and invasive macroadenomas (Knosp grades 3 and
4) and in patients with microadenomas that lack a surgical
pseudocapsule [99, 100]. Macroadenomas have higher Ki-67
and p53 expression and are more commonly sparsely granu-
lated [99]. In addition, low expression of O-6-methylguanine-
DNA methyltransferase (MGMT) is associated with larger
tumors, higher p53, and lower probability for early clinical
remission [101]. On the other hand, one study showed that
remission may be higher in patients with USP8-mutated al-
leles [102].

While the presence of ACTH staining on pathology confirms
CD, a pathology sample may not always be adequate, raising
the question of whether the tumor was actually removed.
Patients with microadenomas who achieve postoperative
hypocortisolemia and require GC in the absence of a tumor
on imaging and/or confirmative pathology are considered to
have achieved surgical remission [103]. However, patients
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with persistent hypercortisolemia and no adenoma on path-
ology either had their adenoma missed during surgery or the
diagnosis of CD may need to be reconsidered (consider ec-
topic CS or pseudo-Cushing). Most patients with CD have
a Crooke hyaline change in nontumorous corticotrophs on
pathology, and the absence of Crooke change has been asso-
ciated with reduced chance of remission [104]. Also, double
pituitary adenomas are also very rarely reported in patients
with CD and may be the cause of nonremission [105].
Patients who achieve remission postoperatively may develop
a disease recurrence/relapse during the following months and
years. In those who achieve early remission, there is no imme-
diate postoperative test that best predicts the risk of recurrence
[4, 12]. Some studies have suggested that a desmopressin test
could potentially play a role [4, 12]. A corticotropin-releasing
hormone test early in the postoperative period does not yield
adequate information on recurrence likelihood [88].

What Glucocorticoid Regimen Is Used
Postoperatively?

GC replacement regimens for patients with CD perioperatively
vary from center to center, with 2 protocols dominating
clinical approaches; however, none has been systematically
studied: 1) intraoperative and early postoperative GC, and
2) no intraoperative and early postoperative GC until docu-
mentation of low nadir cortisol or development of signs
of hypoadrenalism. The first approach is used to avoid the
risk of Al perioperatively in patients not monitored on in-
tensive therapy floors (GCs are withheld a few days later to
measure morning or serial serum cortisol levels during the
first postoperative week, with timelines differing, depending
on local practices) [10, 95]. Nevertheless, patients with CD
have a considerably activated hypothalamic-pituitary-adrenal
(HPA) axis and cortisol levels could remain high during the
first 10 hours following surgery (this is expected given the
half-life of cortisol) [106]. Based on this, the second approach
in many centers is not to administer any GCs until biochem-
ical remission is confirmed or clinical symptoms of Al develop
[29, 84]. Cortisol levels are measured every 6 hours for 24 to
72 hours postoperatively [10, 85, 95, 107], though some cen-
ters measure only morning cortisol on days 1 to 2 [29, 94].
Close monitoring for signs/symptoms of hypoadrenalism (eg,
hypotension, lightheadedness, weakness, nausea, and abdom-
inal pain) and a fast laboratory turnaround of serum cortisol
levels are required.

Distinguishing between GC withdrawal from Al can be dif-
ficult [108]; therefore multidisciplinary clinician and nursing
awareness about the possibility of adrenal crisis and prompt
management is warranted. Given a reported high incidence
of postoperative acute complications (especially infections) in
patients with CD, special attention should be paid to patients
with acute postoperative complications who may acutely de-
velop AI [5].

Patients who had PMT could have lower cortisol levels
and will often receive a GC stress dose intravenously
perioperatively to prevent an adrenal crisis. Steroidogenesis
inhibitors should be stopped several days before surgery to
minimize the risk of Al and interference with postoperative
cortisol assessment for remission [29].

GCs should be started not only for cortisol levels of less
than 5 pg/dL [10] but also for levels of 5 to 10 pg/dL because

these patients may have symptoms of Al or experience de-
layed remission in the following days [29, 84]. Patients with
cortisol levels of 10 to 15 pg/dL may also require GC replace-
ment on a case-by-case basis, particularly in case of a surgical
complication or clinical manifestations of AI [29]. Subsequent
retesting of morning serum cortisol can be performed 1 to
2 weeks after discharge and after withholding GCs for 24
hours. The dose of GC replacement also varies among centers.
Endocrine Society guidelines recommend hydrocortisone at
10 to 12 mg/m?d (or equivalent) in divided doses [3, 9, 10].
However, many centers prefer supraphysiologic replacement
up to 20 mg of hydrocortisone 2 to 3 times daily with a 2- to
4-week taper afterward, as tolerated. Dexamethasone has a
long half-life and should be avoided postoperatively because
it may prolong HPA axis suppression [3].

Patients in nonremission can be considered for early re-
peated TSS, which may be successful in achieving at least
short-term remission, but is associated with higher rates of
postoperative hypopituitarism and cerebrospinal fluid leak
when compared to the initial intervention [4, 109]. Other
treatment options for persistent disease include medical
therapy, radiation therapy, and BLA [4]; however, they are
not the focus of this review and can be found detailed else-
where [3, 4].

How Should one Monitor for Postoperative
Hyponatremia, Diabetes Insipidus, and Other
Pituitary Deficiencies?

Transsphenoidal surgery for any sellar or suprasellar lesion
may lead to posterior pituitary dysfunction manifesting as
hyponatremia or diabetes insipidus (DI). Hyponatremia is
usually related to the syndrome of inappropriate antidiur-
etic hormone (STADH), occurring in 5% to 30% of patients
after pituitary surgery for all tumors [3, 107], with a peak
incidence on days 4 to 7 (range, 3-12 d) [107, 110]. Some
studies reported a higher incidence of hyponatremia after TSS
for CD [111-113], while other risk factors include tumor size,
hypopituitarism, female sex, and low body mass index [107,
114]. Postoperative fluid restriction has been shown to reduce
the risk of hyponatremia and hospitalization after TSS for
various pituitary lesions [115]. In one study, 1L fluid restric-
tion effectively prevented readmissions for hyponatremia in
patients with CD, who comprised 13.3% of the cohort [116],
but this has to be balanced with avoiding dehydration. Of
note, postoperative Al is also a risk factor for hyponatremia
[114], and one could suggest that inadequate GC replacement
may contribute to hyponatremia post TSS for CD, particu-
larly in patients with delayed remission.

Transient postoperative DI has been reported in 4% to
30% of patients with sellar lesions, with 0.3% to 7.3%
persisting long term [10, 117, 118]. Few studies have dem-
onstrated a higher occurrence of postoperative DI in CD pa-
tients, attributing it to more extensive exploratory surgery
and repeated surgery [107, 119]. DI usually develops within
24 to 48 hours postoperatively and resolves within 3 to 5 days
[96]. Sometimes it is followed by transient hyponatremia
and a subsequent return of DI, which is usually permanent
(triphasic response).

To monitor for electrolyte disturbances, it is recommended
to measure serum sodium every 6 to 12 hours, urine osmo-
lality daily, and record inpatient fluid intake and urine output
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[10, 95]. When serum sodium is abnormal or shows a trend
to move toward the extremes of the normal range, measure-
ment of serum sodium paired with urine osmolality or specific
gravity is necessary for correct diagnosis. In clinical practice,
several centers, including ours, monitor paired serum sodium
and urine osmolality or specific gravity routinely. Elevated
urine output is often observed after large fluid administration
intraoperatively, and should be differentiated from DI. A com-
bination of high output of hypotonic urine (>250-300 mL/h
for 2 consecutive h) and high serum sodium (> 145 mmol/L)
usually signifies DI [3, 9, 10].

DI is treated with desmopressin, for example, starting with
0.5 pg subcutaneously or intravenously or 50 to 100 pg orally
and repeated as needed, rather than administering scheduled
doses, unless persistent DI is clearly established. Scheduled
doses should be avoided to reduce the risk of hyponatremia
during the time when SIADH may occur [3, 9, 10]. Sodium
should also be measured after discharge at least once on days
5 to 7, and as needed up to day 15 guided by the patient’s
previous sodium levels, fluid intake, and urine output [3, 10].
Mild hyponatremia (125-135 mmol/L) can be managed with
fluid restriction as outpatient, but severe and symptomatic
hyponatremia requires evaluation and treatment in the hos-
pital and possible administration of hypertonic saline with
close monitoring to avoid overcorrection [10]. Sodium can
be rapidly corrected by 4 to 6 mmol/L if the known value
was normal less than 24 to 48 hours previously [120, 121].
Symptomatic hyponatremia of chronic or unknown duration
requires a slow correction (< 8-10 mmol/L per 24 h) with
small boluses of hypertonic saline or slow infusion rates and
sodium monitoring every 2 hours [120, 121].

Patient education on postoperative water-electrolyte im-
balances, symptoms that accompany them, and when to seek
medical help is essential [3, 9, 10]. Close monitoring for in-
crease urinary output after starting GCs is also needed as re-
starting GCs could unmask DI [3, 9, 10].

Assessment for anterior hypopituitarism is usually per-
formed during the following 4 to 6 weeks. Abnormal thy-
roid function is frequent in CD cases [122], likely mediated
by subnormal nocturnal thyrotropin, and is reversible in
many patients after cure [123]. Since free thyroxine half-life
is approximately 1 week, free thyroxine measurement is re-
commended at 1 to 2 weeks postoperatively [3, 29], and
reevaluated 4 to 6 weeks thereafter. Testing for HPA axis
recovery should be conducted periodically (starting 1-2 wk
postoperatively and then every 4-6 wk) with morning serum
cortisol or dynamic testing [3, 9, 10]. Assessment for growth
hormone deficiency should be delayed until 6 to 12 months
postoperatively because of the possibility of recovery of the
growth hormone axis [4]. Postoperative pituitary magnetic
resonance imaging within 1 to 3 months of successful TSS is
also needed as a new baseline [3, 9, 10, 124].

Conclusion

CD has many comorbidities and has high mortality if not
treated promptly and adequately. Hypercortisolemia is ad-
dressed by pituitary surgery in most patients, but preoperative
medical therapy may be necessary in case of surgical delay or
severe disease. Management and prevention of CV, thrombo-
embolic, and infectious complications should be proactive
and intensive, particularly during the first 3 months after diag-
nosis and surgery, when the incidence of complications is the
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highest. Postoperative remission is confirmed by low serum
cortisol levels, though protocols for remission assessment and
GC coverage vary across centers. Close monitoring for Al,
hyponatremia, and/or DI is of paramount importance, and
prompt management is required to prevent adverse outcomes.
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