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Abstract
Aim  To ascertain the predictors of remission and relapse in patients of Cushing’s disease (CD) undergoing pituitary trans-
sphenoidal surgery (TSS).
Methods  Patients with CD subjected to TSS over 35 years at a tertiary care center were included. Patients were grouped 
into remission and persistent disease at 1 year after surgery, and were further followed up for relapse. Demographic, clinical, 
biochemical, histological, radiological and post-operative follow-up parameters were analyzed.
Results  Of the 152 patients of CD, 145 underwent TSS. Remission was achieved in 95 (65.5%) patients at 1 year. Patients in 
remission had shorter duration of symptoms prior to presentation (p = 0.009), more frequent presence of proximal myopathy 
(p = 0.038) and a tumor size of < 2.05 cm (p = 0.016) in comparison to those with persistent disease. Post-TSS, immediate 
post-operative 0800-h cortisol (< 159.85 nmol/L; p = 0.001), histological confirmation of tumor (p = 0.045), duration of 
glucocorticoid replacement (median 90 days; p = 0.001), non-visualization of tumor on MRI (p = 0.003), new-onset hypog-
onadism (p = 0.001), 3-month 0800-h cortisol (< 384.9 nmol/L; p = 0.001), resolution of diabetes (p = 0.001) and hyperten-
sion (p = 0.001), and recovery of hypothalamic–pituitary–adrenal axis (p = 0.018) favored remission. In logistic regression 
model, requirement of glucocorticoid replacement (p = 0.033), and resolution of hypertension post-TSS (p = 0.003) predicted 
remission. None of the parameters could predict relapse.
Conclusion  The study could ascertain the predictors of remission in CD. Apart from the tumor characteristics, surgical 
aspects and low post-operative 0800-h cortisol, the results suggest that baseline clinical parameters, longer glucocorticoid 
replacement, and resolution of metabolic complications post-TSS predict remission in CD. Long-term follow-up is essential 
to look for relapse.
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Introduction

Cushing’s disease (CD) is the most common form of endog-
enous Cushing’s syndrome (CS) accounting for more than 
70% of cases of endogenous hypercortisolism [1, 2]. The 
chronic, autonomous and unabated release of cortisol by the 

adrenal glands, under tumoral corticotroph influence, results 
in characteristic metabolic, musculoskeletal, neuropsychi-
atric, and dermatological complications [3]. The cause of 
CD is a microadenoma in 90% cases and a macroadenoma 
in 10% cases. Despite clinical and biochemical evidence of 
hypercortisolism, the tumor is not radiologically evident in 
up to 40% cases [1, 4]. Mortality is increased in patients 
with CD (crude mortality rate: 4.25), particularly in patients 
with active CD [5, 6]. Normalization of hypercortisolism 
improves the mortality rate to near normal by decreasing the 
risk of cardiovascular disease, metabolic syndrome, infec-
tions, and psychiatric disorders, all of which significantly 
impact the risk of mortality in patients with CD [7, 8]. Pitui-
tary transsphenoidal surgery (TSS) is the first-line treatment 
of CD with a remission rate of 78% (25–100%) and a relapse 

Aditya Dutta and Nidhi Gupta are the first authors.

Supplementary Information  The online version contains 
supplementary material available at https​://doi.org/10.1007/s4061​
8-020-01495​-z.

 *	 R. Walia 
	 ramawalia@rediffmail.com

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s40618-020-01495-z&domain=pdf
https://doi.org/10.1007/s40618-020-01495-z
https://doi.org/10.1007/s40618-020-01495-z


1870	 Journal of Endocrinological Investigation (2021) 44:1869–1878

1 3

rate of 13% (0–65.6%) during 10-year period after surgery 
[5]. Therefore, up to one-third patients with CD encounter 
lack of remission (persistent disease) and/or relapse (tumor 
re-growth) and require further treatment in the form of a 
second surgery, medical therapy, pituitary radiotherapy and/
or adrenalectomy [5, 9].

Despite the plethora of accessible data on CD, the facet 
of remission and cure in CD remains enigmatic. The terms 
remission and cure have been used interchangeably in the 
context of CD. However, although remission can be seen 
immediately after surgery, the cure is a prospective realiza-
tion in CD and is often elusive. Isolated low post-operative 
cortisol due to suppression of surrounding normal cortico-
trophs in itself is insufficient to predict remission; hence, we 
require a gamut of predictors to foresee remission in CD. In 
addition, there is unpredictable relapse of CD in patients 
who are in remission during the 10 years after surgery [1, 
10–14]. Demonstrating remission in patients with CD is cru-
cial as there is evidence that patients with persistent disease 
and/or relapse after initial surgery have the higher mortality 
rate [15]. There is no single robust predictor of remission 
in CD [5, 10, 16–20]. Parameters such as a localized tumor 
(imaging, intra-operative) [16, 21], histological evidence of 
tumor [10, 17, 21, 22], low post-operative (day 1–7) cor-
tisol [10, 21, 23–25], normal or low urinary free cortisol 
(UFC) [1, 9, 11, 22, 26], low adrenocorticotrophic hormone 
(ACTH) [27] and prolonged duration of glucocorticoid 
replacement [10, 25] favorably predict remission, whereas 
factors such as male gender [17, 28], macroadenoma [29], 
cavernous sinus invasion [28, 30], lack of pre-operative or 
intra-operative localization [5], absence of tumor on his-
tological examination [16, 17, 28] and higher post-opera-
tive basal and Corticotrophin releasing hormone (CRH)-
stimulated cortisol/ACTH levels [18] are unfavorable for 
remission. In this analysis of 152 patients of CD, we try to 
ascertain the factors predicting remission and relapse in CD 
after TSS.

Materials and methods

This is a single-center study of 152 patients of CD treated at 
the Department of Endocrinology, Postgraduate Institute of 
Medical Education and Research (PGIMER), Chandigarh, 
India over 35 years (1984–2019) with a prospective follow-
up from 2004 and retrospective data retrieval from 1984 to 
2003. The study was approved by the Institutional Ethics 
Committee, PGIMER, Chandigarh (INT/IEC/2017/85). An 
informed written consent was obtained only from the pro-
spective participants.

Baseline demographic data for this analysis included 
age, gender, BMI, duration of symptoms prior to presenta-
tion, and clinical features of CS (hyperpigmentation, striae, 

easy bruisability, proximal myopathy, cuticular atrophy, 
psychiatric manifestations, hypertension and diabetes). 
Baseline cortisol dynamics included 0800 and 2300-h cor-
tisol and ACTH, overnight dexamethasone suppression 
test (ONDST), low-dose dexamethasone suppression test 
(LDDST) and high-dose dexamethasone suppression test 
(HDDST) as per standard protocol [31]. 2300-h cortisol 
was collected in a prechilled vial in the awake state, and 
after centrifugation, plasma was stored at – 20 ºC. Cortisol 
and ACTH were measured using radioimmuno-assay (RIA) 
before 2009 and electro-chemiluminescence-immunoassay 
(ECLIA; Roche Diagnostic, Germany) after 2009. The tech-
nique for sample collection, intra-assay and inter-assay coef-
ficient of variation of ECLIA and RIA have been described 
previously [32, 33]. Pre-operative imaging of the pituitary 
by contrast-enhanced magnetic resonance imaging (CEMRI; 
1.5 and 3 T; Siemens Magnetom) was done in all patients. 
In subjects having non-visualized pituitary tumor, computed 
tomography (CT) of thorax and abdomen was performed 
in all, whereas somatostatin receptor-based scintigraphy 
and inferior petrosal sinus sampling (IPSS) were performed 
in select individuals, to rule out an ectopic source of CS. 
Dual-energy X-ray absorptiometry (DXA) scan done using 
the HOLOGIC Discovery A machine. Microscopic TSS 
was performed by two experienced neurosurgeons (K.K.M. 
and S.D.). After TSS, hydrocortisone succinate 100 mg i.v. 
thrice daily was administered to patients having hypocorti-
solism, i.e., 0800-h serum cortisol ≤ 138 nmol/L [9]. If the 
patient did not achieve hypocortisolism, then 0800-h corti-
sol was monitored till day 7. Hydrocortisone was tapered to 
10–20 mg (per-oral) in three divided doses. Post-operatively, 
patients were assessed for pituitary hormone deficiencies 
and relapse. During follow-up, patients with persistent 
disease or relapse were recommended a second surgery or 
radiotherapy with or without medical therapy (ketoconazole) 
on a case to case basis.

Post-operative 0800-h cortisol (day 1–7), histology of 
the resected tissue including immunohistochemistry (IHC) 
(wherever possible) for ACTH, post-operative pituitary 
hormones, cortisol at 3 months (0800- and 2300-h cortisol, 
and ONDST, if hypercortisolemic), resolution of clinical 
and metabolic features, pituitary CEMRI, duration of ster-
oid replacement and recovery of the hypothalamic–pitui-
tary–adrenal (HPA) axis were assessed.

Immediate post-operative remission was defined as a 
post-operative 0800-h (day 1–7) ≤ 138 nmol/L. Delayed 
remission was defined as 0800-h cortisol < 350 nmol/L at 
3 months with a normal 2300-h cortisol (< 207 nmol/L) or 
a suppressed ONDST (< 50 nmol/L). During follow-up, 
0800 h cortisol was measured after stopping hydrocorti-
sone for 24 h. Any patient with a follow-up 0800-h corti-
sol of ≤ 138 nmol/L was regarded to be in remission. At 
6–12 weeks, patients with a 0800-h cortisol ≥ 500 nmol/L 
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and 2300-h cortisol > 207 nmol/L or ONDST ≥ 50 nmol/L 
were deemed to have persistent CD. Patients with cortisol of 
> 138 and < 349 nmol/L and an ONDST < 50 nmol/L were 
either observed or subjected to a 250 μg synacthen stimula-
tion test (6 months onwards) to check for the recovery of 
HPA axis (normal > 550 nmol/L). Patients with stimulated 
cortisol < 550 nmol/L were supplemented with hydrocorti-
sone during illness.

Statistical analysis

Data obtained were analyzed by IBM SPSS version 22.0 
(IBM Corp., Armonk, NY). Variables were analyzed for 
descriptive data and normality of distribution. Categorical 
variables were shown as numbers and percentages. Continu-
ous data were reported as median and interquartile (IQR) 
range. Inter-group analysis of baseline and post-operative 
parameters was done using Chi-Square/Fisher’s Exact test 
for categorical variables and Mann–Whitney U test for 
continuous variables without normal distribution. Cor-
relation between ≥ 2 continuous variables was done using 
Spearman’s Rho, and between continuous and categorical 
variables was done using Kruskal–Wallis H test. Receiver-
Operating Characteristic (ROC) curves were calculated to 
find cutoff values for various parameters as required. A mul-
tivariate logistic regression analysis was carried out to find 
predictors of remission amongst various factors found to be 
different between the remission and persistent subgroups. 
For all statistical tests, p < 0.05 was considered significant.

Results

This study comprises 152 patients of CD. Five patients died 
pre-operatively, while two were lost to follow-up pre-oper-
atively leading to their exclusion from this analysis. A total 
of 145 patients underwent TSS. The median duration of fol-
low-up was 6 years (3 months-15 years). The post-operative 
management and outcome of the patients is shown in Figs. 1 
and 2. Ninety-four patients achieved remission at 3 months. 
Of these, 6 patients relapsed within the first year of follow-
up while, amongst the 51 patients with persistent disease, 7 
went into remission. At the end of the first year of follow-up, 
95 patients were in remission. Out of these 95 patients, 58 
remained in remission, 23 patients had a relapse and 14 were 
lost to follow-up. Remission rates at 3 months and 1 year 
were 64.8% (94/145) and 65.5% (95/145), respectively.

Comparison of baseline parameters 
amongst remission and persistent subgroups

Demographics and comorbidities of CD were similar 
between the two groups (Table 1). Patients in remission had 

shorter duration of symptoms prior to presentation (median 
2 years; p = 0.009) and higher prevalence of proximal myo-
pathy (p = 0.038) (Table 1). The presence of diabetes was 
slightly higher in the remission subgroup, although it did 
not reach statistical significance (p = 0.063). Conventional 
microadenoma versus macroadenoma scrutiny did not reveal 
meaningful results, therefore subgroups were analyzed for 
tumor diameter at different cutoffs (5, 15, 20, and 25 mm). 
A tumor size of < 2.05 cm was significantly associated with 
remission (p = 0.016). Other, discriminatory clinical param-
eters of protein catabolism were not significantly different 
between the two groups (Table 1). Cortisol dynamics (base-
line cortisol, ONDST, LDDST, HDDST) and ACTH were 
comparable across the groups (Table 1).

Comparison of post‑operative parameters 
amongst remission and persistent subgroups

Patients in remission had lower immediate post-operative 
0800-h cortisol (p = 0.001), greater histological confirma-
tion of tumor (p = 0.045), longer duration of steroid replace-
ment (median 90 days; p = 0.001), greater frequency of non-
visualization of tumor on follow-up CEMRI (p = 0.003), 
new-onset hypogonadism (p = 0.001) and 3-month 0800-h 
cortisol < 350 nmol/L (p = 0.001), resolution of diabetes 
(p = 0.001) and hypertension (p = 0.001) along with recov-
ery of HPA axis (p = 0.018) as compared to patients with 
persistent disease (Table 2).

Predictors of remission

From the ROC curve analysis, the cutoff values for imme-
diate post-operative 0800-h cortisol and 3-month cortisol 
to predict remission were 159.85 nmol/L and 384.9 nmol/L 
with sensitivity/specificity of 77%/84.1% and 81.6%/61.4%, 
respectively. For immediate post-operative 0800-h corti-
sol, a cutoff of 49.7 nmol/L had a sensitivity and specific-
ity of 33.3% and 93.2%, respectively, to predict remission 
(p = 0.002). A logistic regression model studying the effects 
of the aforementioned parameters on the likelihood of remis-
sion in CD was statistically significant and explained 70.1% 
(Nagelkerke R2) of the variance in remission achieved and 
correctly classified 91.5% of cases in remission. Patients 
with the duration of steroid replacement > 90 days and reso-
lution of hypertension post-TSS were 15.8 times (p = 0.033) 
and 12.2 times (p = 0.003) more likely to enter remission, 
respectively.

Evidence of cortisol burden and its withdrawal

The protein catabolism features of myopathy (p = 0.014), 
striae (p = 0.006), easy bruisability (p = 0.011), cuticu-
lar atrophy (p = 0.007), and low bone density (p = 0.02) 
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correlated with baseline cortisol level. Metabolic complica-
tions of hypertension (p = 0.000), diabetes (p = 0.017), and 
hypokalemia (p = 0.037) correlated with baseline cortisol 
level, as did psychiatric manifestations (p = 0.005). The 
duration of symptoms at presentation did not correlate with 
baseline cortisol levels (p = 0.39). Post-TSS, no correlation 
was seen between baseline cortisol and immediate post-
operative 0800-h cortisol, 3-month 0800-h cortisol, duration 
of glucocorticoid replacement, and resolution of diabetes 
and hypertension (p = 0.298, p = 0.384, p = 0.315, p = 0.074, 
and p = 0.879, respectively). Post-TSS, resolution of hyper-
tension correlated with immediate post-operative 0800-h 
cortisol (p = 0.003), 3-month 0800-h cortisol (p = 0.024), 
and duration of glucocorticoid replacement (p = 0.005).

Comparison of baseline and post‑operative 
parameters amongst long‑term remission 
and relapse subgroups

Out of the 95 patients in remission, 58 remained in remis-
sion, 23 patients had a relapse and 14 were lost to follow-up. 
Unlike the previous analyses, no differences were found in 
either baseline or post-operative parameters of these subgroups 
(Supplementary Tables 1, 2).

Fig. 1   Flowchart depicting post-operative follow-up at our center
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Fig. 2   Flowchart of outcome 
of all the patients of CD in this 
study

Table 1   Comparison of the 
baseline clinical, biochemical 
and imaging characteristics 
between patients in remission 
and patients with persistent 
disease at 1 year

*Denotes values in median and IQR

Serial no Parameter Remission (n = 95) Persistence (n = 50) p value

1 Age (years) 29 (21–39)* 24.5 (19–35)* 0.11
2 Gender (female:male) 2.5:1 2.8:1 0.757
3 BMI (kg/m2) 26.6 (24–30)* 28 (24–30)* 0.32
4 Duration of symptoms prior to presenta-

tion (months) (n = 49/144)
24 (12–48)* 36 (24–60)* 0.009

5 Pigmentation (n = 104/144) 66.3% 33.7% 0.664
6 Striae (n = 93/145) 63.4% 36.6% 0.482
7 Bruise (n = 86/144) 67.4% 32.6% 0.507
8 Proximal myopathy (n = 103/143) 70.9% 29.1% 0.038
9 Cuticular atrophy (n = 100/143) 62% 38% 0.151
10 Psychiatric manifestations (n = 10/145) 80% 20% 0.494
11 Presence of hypertension (n = 104/145) 73.7% 68.0% 0.470
12 Presence of diabetes (n = 82/145) 72.0% 46.0% 0.063
13 Cortisol 0800 h (nmol/L) 880 (687–1100)* 817 (590–1029)* 0.14
14 Cortisol 2300 h (nmol/L) 714 (524–905)* 614 (494–833)* 0.20
15 ACTH (pg/mL) 96 (38–94)* 133 (46–128)* 0.150
16 ONDST (nmol/L) 698(406–961)* 599.7 (350–736)* 0.176
17 LDDST (nmol/L) 571 (259–834)* 539.1 (244–777)* 0.646
18 HDDST (nmol/L) 352 (88–529)* 365.1 (96–593)* 0.914
19 Maximum diameter of adenoma (mm) 6 (4–10)* 6.4 (4.7–18.4)* 0.37
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Discussion

In this study, we could ascertain the predictors of remis-
sion in CD. The clinical parameters reflecting cortisol 
burden (shorter duration of symptoms prior to the pres-
entation, presence of proximal myopathy), its withdrawal 
after surgery (low post-operative cortisol, longer duration 
of glucocorticoid replacement and resolution of metabolic 
derangements), tumor characteristics (size, pre- and intra-
operative localization, post-surgery non-visualization), and 
surgical aspects (new-onset hypogonadism, histologically 
confirmed tumor) predicted remission favorably while none 
of the parameters could predict relapse. Overall, the remis-
sion rates in the present study, are comparable to the earlier 
studies from India [17, 25], and elsewhere [10, 23, 28, 30].

Remission: baseline parameters

The parameters of shorter duration of symptoms prior to 
presentation and presence of proximal myopathy signifi-
cantly favored remission. In an earlier study, none of the 
discriminatory clinical features could predict remission [34]. 
The clinical features are a mirror of the cortisol excess in a 
patient of CD. Yet, other features (hyperpigmentation, striae, 
easy bruisability, hypokalemia, cuticular atrophy, psychiatric 
manifestations, low bone density and hypertension) which 
are also the manifestations of hypercortisolism did not pre-
dict remission in this study. Proximal myopathy correlated 
with cortisol levels (p = 0.014) in our study, and it is one of 
the most specific manifestation of hypercortisolism (discrim-
inatory index: 8) [35]. A recent study has shown that certain 
glucocorticoid receptor polymorphisms are associated with 
reduced handgrip strength in patients with active CS [36]. 
Thus, a shorter duration of symptoms and the presence of 
proximal myopathy in patients who achieved remission sug-
gests higher initial cortisol burden.

An adenoma size < 2.05 cm favored remission. Similar 
to findings of the current study, a previous study has shown 
an increased risk (odds ratio: 3.5) of residual disease at 
an tumor size of > 2 cm [29]. Conversely, the results of a 
meta-analysis have shown that tumor size and macroscopic 
invasion are not associated with relapse in CD, providing 
conflicting evidence [19].

Remission: post‑operative parameters

In the current study, immediate post-operative 0800-h cor-
tisol, 3-month 0800-h cortisol, non-visualization of tumor 
on follow-up CEMRI, histological confirmation of tumor, 
new-onset hypogonadism, duration of steroid replacement, 
resolution of diabetes and hypertension and recovery of HPA 
axis significantly favored remission.

In CD, the HPA axis is functional despite the presence 
of an autonomous tumor. Cortisol negatively feedbacks to 
the normal (surrounding) corticotrophs as well as tumoral 
corticotrophs. Hence, the remission in CD is predicted by a 
low post-operative 0800-h cortisol due to the prolonged and 
intense suppression of the surrounding normal corticotrophs 
after adenoma removal. A low post-operative 0800-h corti-
sol is a well-established predictor of remission [9]. It is usu-
ally measured serially from day 1–7 after surgery [9]. Two 
cutoffs, < 138 nmol/L [21, 22, 24, 28] and < 50 nmol/L [10, 
23, 30] have been used, and both are predictive of remission. 
Through the ROC, the values obtained in our study were 
< 49.7 nmol/L and < 159.85 nmol/L, respectively. Latter 
had a sensitivity/specificity of 77%/84.1%, suggesting that 
patients with a borderline value may enter delayed remission 
or relapse during follow-up and thus, watchful waiting for 
6–12 weeks is warranted in every case. At 3-months 0800-h 
cortisol of < 384.9 nmol/L also favored remission. There are 
multiple caveats in the interpretation of post-operative cor-
tisol. First, delayed remission of hypercortisolism is well 
known. This may be a result of factors such as vascular 

Table 2   Comparison of post-operative characteristics between patients in remission and patients with persistent disease at 1 year of follow-up

*Denotes values in median and IQR

Serial no Parameter Remission (n = 95) Persistence (n = 50) p value

1 Immediate post-operative 0800-h cortisol (nmol/L) 76.7 (40–150.8)* 437 (207–628)* < 0.001
2 Histologically confirmed adenoma (n = 120/145) 70% 30% 0.045
3 Duration of hydrocortisone replacement (> 90 days)

(n = 62/142)
96.8% 3.2% < 0.001

4 Post-surgery residual adenoma not visualized (n = 68/150) 64.3% 35.7% 0.003
5 New-onset hypogonadism (n = 84/127) 75% 25% < 0.001
6 Post-surgery 3-month morning cortisol (< 350 nmol/L) (n = 98/145) 76.5% 23.5% < 0.001
7 Resolution of diabetes post-surgery (n = 49/76) 85.7% 14.3% < 0.001
8 Resolution of hypertension post-surgery (n = 56//100) 85.7% 14.3%  < 0.001
9 Recovery of HPA axis (n = 23/145) 87% 3% 0.018
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insufficiency and late necrosis of residual tumor, ameliora-
tion of autonomous cortisol production from the hyperplas-
tic adrenals and stress of the surgery along with cortisol 
estimated on hydrocortisone replacement [37, 38]. Second, 
low cortisol does not necessarily imply remission. This can 
be due to pre-operative ketoconazole use [9], partial resec-
tion causing transient secondary adrenal insufficiency fol-
lowed by gradual resumption of ACTH secretion [37, 39] 
or cyclicity of the residual adenoma [40]. Further, the use 
of glucocorticoids post-operatively can suppress residual 
tumoral tissue resulting in a false negative result [41].

Patients in remission had more frequent non-visualization 
of tumor on follow-up CEMRI. Yet, this finding cannot be 
considered specific. Just like a non-visualized pre-operative 
adenoma, a small remnant is good enough to keep the patient 
symptomatic, necessitating further management [39]. In our 
cohort, 15 patients with persistent disease had a non-visual-
ized adenoma on follow-up CEMRI. This scenario may be 
due to the inability of the MRI to delineate a microscopic 
remnant or dural invasion. Conversely, in 20% of patients 
with clinical and biochemical remission, CEMRI sella was 
reported to have a residue. This possibly happened due 
to post-operative changes being misconstrued as remnant 
adenoma.

Histological presence of tumor has been reported to have 
a high remission rate of 82.1% [5]. Our findings were simi-
lar (88%), but were not specific as adenoma was identified 
in 72% of patients with persistent disease. It is likely that 
microscopic or macroscopic, functionally active remnants 
of adenoma or capsule led to persistent disease or relapse. 
Thus, presence of tumor tissue on histology is not confirma-
tory of a surgical remission. Patients in remission without 
histological confirmation are likely to have had loss of tissue 
due to tumor necrosis or tissue handling [42].

CD is a state of functional and/or anatomical suppression 
of hypothalamic-pituitary–gonadal (HPG) axis. The surgi-
cal intervention can further result in structural damage to 
residual gonadotrophs as they are diffusely scattered in the 
pituitary. In the current study, frequency of hypogonadism 
was higher post-operatively than pre-operatively (65.9% 
vs. 30.9%; p = 0.001). This could be a result of extensive 
surgical exploration and wide excision of tumor (including 
pseudocapsule). New-onset hypogonadism was significantly 
associated with remission contrary to the findings of a previ-
ous study [23].

HPA axis is likely to remain suppressed in the event of 
successful surgery, leading to low post-operative cortisol. 
The duration of this suppression and subsequent steroid 
replacement is of clinical importance as far as remission is 
concerned. Both these factors have been reported as predic-
tors in multiple studies [10, 21, 25]. Our result agrees with 
previous studies suggesting that glucocorticoid replacement 
for > 90 days duration predicts remission in CD.

Resolution of diabetes (77%) and hypertension (71%) 
at 3 months predicted remission at 1 year in our cohort. 
The protean metabolic manifestations of CD are a result of 
hypercortisolism. Previous studies have shown either resolu-
tion or reduction in doses of medications for both diabetes 
and hypertension after remission in CD [23, 43, 44]. How-
ever, another study failed to correlate metabolic profile at 
1-year follow-up with remission [34]. It is likely that sudden 
withdrawal of glucocorticoids leads to resolution of meta-
bolic parameters and predicts remission. Post-operative cor-
tisol significantly correlated with resolution of hypertension 
(p = 0.003) in our study.

The factor underlying most of the predictors of remission 
in this study is cortisol burden and its withdrawal following 
surgery. Patients in remission had higher cortisol burden 
indicated by more frequent presence of proximal myopa-
thy and shorter duration of symptoms prior to presentation 
and following surgery, possibly, withdrawal of this cortisol 
burden led to lower cortisol level and prolonged duration 
of glucocorticoid replacement. We hypothesize that cortisol 
burden is a product of cortisol levels and the tissue sen-
sitivity to cortisol. Since cortisol levels were comparable 
across the remission and persistence groups, a greater tissue 
sensitivity to cortisol probably resulted in lesser lag time, 
differences in myopathy and low post-operative cortisol 
due to suppression of surrounding corticotrophs. We also 
propose that the cortisol sensitivity at the pituitary could 
have resulted in a smaller tumor size. Corticotroph tumors 
have an acquired relative resistance to feedback inhibition 
by cortisol, thus implying that they are still partly sensitive 
to glucocorticoid negative feedback. This is evident from 
cortisol/ACTH suppressibility on HDDST in 60–70% adeno-
mas [1] and cyclicity in some adenomas [40]. Molecular 
mechanisms (e.g., Heat-shock protein 90, testicular nuclear 
receptor 4) leading to this relative resistance have now been 
elucidated [45]. Some of these are now targets for medical 
management of CD at the level of pituitary [46]. Although 
these alterations are pituitary specific, the phenotype of CS 
is dependent on individual sensitivity to the effects of glu-
cocorticoids. The mechanisms responsible for variations in 
phenotype of CS are not yet elucidated. The differences in 
glucocorticoid levels and sensitivity determine the severity 
of disease and tumor size as well as prediction of remission.

Relapse

A total of 23 patients (15.8%) had a relapse of CD. After 
scrutinizing various clinical, biochemical, radiological and 
post-operative parameters, we could not find any factor indi-
cating relapse in this cohort. No absolute value of cortisol 
can give a 100% assurance of not having a relapse [47]. Even 
the stringent criteria of < 50 nmol/L has not been found to 
be superior to predict relapse compared to post-operative 
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eucortisolemia [10]. Aforementioned clinical and post-oper-
ative factors predicting remission in CD were all comparable 
in the relapse subgroup. This affirms the theory that TSS 
may lead to either stunning of the adenoma tissue (for a 
variable time) or partial removal of the adenoma, resulting 
in transient biochemical and clinical remission of CD. In the 
latter scenario, the doubling of remnant adenoma is a very 
slow process and thus relapse is possible even after 10 years 
[1, 10–14].

Strengths and limitations

The current study had many strengths including the data col-
lection of a large cohort of patients of CD at a single center, 
long-term follow-up, pre-defined criteria for cortisol dynam-
ics and post-operative cortisol, two experienced neurosur-
geons throughout the duration of the study (K.K.M., S.D.), 
two continuing investigators (R.W. and A.B.) and its ability 
to ascertain multiple predictors of remission in CD, few of 
which (presence of proximal myopathy, resolution of hyper-
tension) have not been previously reported. The cutoff values 
of immediate 0800-h cortisol and 3-month 0800-h cortisol 
are similar to previously described values in the literature.

Retrospective data collection for a significant duration 
and the consequent data unavailability for various clinical, 
biochemical and radiological parameters for that period rep-
resents the major limitation of this study. Certain tests such 
as 24-h UFC, CRH stimulation, IGF-1 and prolactin could 
not be performed in participants of this study.

Conclusion

Overall, our study has laid out a conglomeration of clinical, 
biochemical and radiological parameters predicting remis-
sion in CD, with a competent rate of remission in compari-
son to national and international centers. The results suggest 
that the parameters of cortisol burden such as shorter dura-
tion of symptoms prior to presentation, presence of proximal 
myopathy and cortisol withdrawal such as low post-operative 
cortisol and prolonged requirement of steroid supplementa-
tion, and resolution of diabetes and hypertension post-TSS 
can possibly predict remission in CD. In addition, previ-
ously described factors such as adenoma size, pre-operative 
localization, histologically confirmed adenoma, and new-
onset hypogonadism could also predict remission. However, 
no parameter could predict relapse and thus, long-term and 
regular follow-up of patients in remission is mandatory. Fur-
ther studies are warranted to explore the effect of cortisol 
sensitivity to better understand its possible impact on the 
disease course and remission.
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