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106.5 ± 58.7  ug/dL) reaching their peak (154.5 ± 69.5 and 
153.5 ± 68.6 ug/dL; respectively) at 15 h after extubation. 
None of the patients acquired any hormone deficits.
Conclusions  Under the maximal stimulation of the 
peri-operative stress, HPA function in patients with SCA 
behaved in an identical manner to others with ACTH-
negative macroadenomas. Thus, despite the strong ACTH-
positive immunostaining of these tumors, SCAs are truly 
non- functional.

Keywords  HPA function · Silent corticotroph adenomas · 
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Introduction

The frequency of atypical pituitary adenomas is reported to 
vary from 2.7 to 15% [1, 2]. The World Health Organiza-
tion (WHO) classification system for pituitary tumors has 
outlined characteristics that aid in identifying such tumors 
such as invasive growth, an elevated mitotic index, a Ki-67 
labelling index >3% and nuclear staining for the cellular 
tumor antigen p53 [3]. Many of these atypical tumors have 
been found to be silent corticotroph adenomas (SCAs) [1]. 
A case of SCA was first diagnosed in 1978 and reported as 
a disease category by Hassoun et al. in 1979 [4]. It was then 
described in more detail by Horvath et  al. in 1980 where 
17 cases were discovered among 300 adenomectomy speci-
mens [5]. The hallmark of these tumors is that they have 
positive immunoreactivity for ACTH but have no clinical 
manifestations or biochemical evidence of hormone excess 
suggestive of Cushing’s syndrome, such as central obe-
sity, moon face, facial plethora, diabetes, hypertension and 
osteoporosis. Because these tumors lack a distinguishing 

Abstract 
Background  Silent corticotroph adenomas (SCAs) are 
characterized by strong ACTH immunostaining without 
clinical manifestations of hypercortisolism. Patients with 
SCAs often present with mechanical symptoms related to 
tumor growth. This study investigates the hypothalamic 
pituitary adrenal axis (HPA) characteristics after adenom-
ectomy in patients with SCAs.
Methods  Biochemical parameters of HPA function were 
monitored frequently after surgical resection of non-func-
tioning macroadenomas. Levels of ACTH, cortisol, DHEA 
and DHEA-S were measured frequently for 48 h after ade-
nomectomy. HPA data of patients with SCAs (n = 38) were 
compared to others (Controls) with non-secreting, ACTH-
negative immunostaining adenomas of similar age and gen-
der distribution (n = 182) who had adenomectomy.
Result  Plasma ACTH increased (P < 0.0001) equally 
in patients with SCA and controls reaching a peak at 3 h 
(238 ± 123 vs. 233 ± 96  ng/L, respectively) after extuba-
tion declining thereafter to baseline values 24–36 h. Simi-
larly, serum cortisol levels increased (P < 0.0001) equally 
in both groups reaching a maximum at 7  h (36.8 ± 13.9 
vs. 39.3 ± 13.3  ug/dL). Serum DHEA also increased 
(P < 0.001) equally in both groups in parallel to the rise in 
serum cortisol. Serum DHEA-S levels similarly increased 
(P < 0.001) from their respective baseline (105.9 ± 67.5 and 

 *	 Baha M. Arafah 
	 baha.arafah@case.edu

1	 Division of Clinical and Molecular Endocrinology, 
University Hospitals Cleveland Medical Center and Case 
Western Reserve University, Cleveland, OH 44106, USA

2	 Department of Neurological Surgery, University Hospitals 
Cleveland Medical Center and Case Western Reserve 
University, Cleveland, OH 44106, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s11102-017-0809-7&domain=pdf


472	 Pituitary (2017) 20:471–476

1 3

clinical phenotype, SCAs are not detected unless they cause 
mass effects or are discovered serendipitously [6].

Though the lack of clinical manifestations of hypercor-
tisolism in patients with these tumors is well documented 
in the literature, the pathogenesis of SCAs remain unclear. 
Various mechanisms for the clinical silence of these tumors 
have been postulated and include, but are not limited to: 
biological inactivity of ACTH, increase in intracellular 
disposal by lysosomes, defective packaging of ACTH into 
secretory granules due to an inadequately developed Golgi 
complex and failure of exocytosis of hormone from the cell 
membrane [6, 7]. As there is no characteristic phenotype, 
the diagnosis of SCA is typically made postoperatively. 
This therefore makes the evaluation of pre- and peri-opera-
tive hypothalamic-pituitary adrenal (HPA) function in such 
patients generally limited.

One of the unique features of the postoperative period 
is a robust activation of the HPA function [8–12]. We have 
conducted several investigations that allowed us to charac-
terize the HPA function during the peri-operative period 
in a large number of patients with pituitary adenomas irre-
spective of the immunostaining [8–12]. With the ACTH 
positive immunostaining within cells of these tumors, we 
questioned whether the acute surgical stress causes any 
alterations in HPA function in patients with SCAs and 
whether their HPA function in the peri-operative period 
would be similar to those of ACTH-secreting tumors. 
The aim of this investigation is to examine the HPA axis 
function in patients found to have a SCAs during the first 
48  h following adenomectomy since this would represent 
maximal HPA activation. In evaluating the HPA function 
after adenomectomy, we follow a detailed published proto-
col that is applied to all patients who have pituitary tumor 
resection [8–12]. This has allowed for the examination of 
the HPA axis in patients with SCA and compare that to 
those with immune-negative tumors.

Subjects and methods

Subjects

This was a prospective study on all patients with pitui-
tary adenomas who had surgical resection of their adeno-
mas over a 10 year period (2006–2015) and had normal 
HPA function before surgery. The data on a total of 220 
patients with clinically non-functional macroadenomas 
who had surgical resection and also had normal HPA 
function were reviewed. All patients underwent complete 
evaluation of pituitary function preoperatively. Only data 
pertaining to the HPA axis are presented here. Tumor type 
was characterized on the basis of immune-histochemical 
staining of multiple sections of the resected adenoma. We 

excluded patients who had secreting adenoma including 
those with Cushing’s disease, acromegaly and prolactino-
mas. We also excluded patients who had pre or postop-
erative impairment in HPA function and those who have 
conditions or were taking medications that alter the inter-
pretation of serum cortisol measurements [13].

Among the 220 patients with clinically non-functional 
tumors, we identified the SCA patients (n = 38) based on 
ACTH (moderate to strongly positive) immunoreactiv-
ity and the absence of preoperative clinical and labora-
tory features of hypercortisolism. The remaining patients 
(control group; n = 182) was comprised of subjects with 
clinically non-functional macroadenomas that had nega-
tive immunohistochemical staining for ACTH. However, 
adenomas in the control group had either totally negative 
immunostaining (n = 42) for any of the tested hormones 
(Prolactin, GH, FSH, LH and ACTH) or moderate stain-
ing for GH/prolactin (n = 35), FSH and/or LH (n = 64) 
and the remaining 41 had scattered cells that had posi-
tive immunostainig for multiple hormones. 11 of the 38 
patients with SCA had scattered focal staining for other 
hormones including FSH, LH, GH and prolactin but had 
no clinical or biochemical abnormalities related to these 
hormones.

Endocrine evaluation of all subjects was done pre- and 
postoperatively at specified time points as described below 
[8–12]. Management of patients in the perioperative period 
followed the same standards and protocols established at 
our institution as previously described [8–12]. The primary 
objective of this study was to determine whether the bio-
chemical response to stress in patients with SCAs would 
be different when placed under considerable physiological 
stress with regards to the ACTH-dependent steroids when 
compared to their immunonegative counterparts. The study 
was approved by the Institutional Review Board.

As stated earlier, the diagnosis of a SCA is typically 
made postoperatively upon immunohistochemical review in 
patients who did not exhibit clinical features of hypercorti-
solism. It would therefore be hard to prospectively perform 
detailed dynamic testing of HPA axis as one would expect 
in patients with clinical suspicion for hypercortisolism. 
In all patients however, preoperative testing is primarily 
focused on assessing pituitary function and ensuring ade-
quate HPA function. We have, over the past 30 years fol-
lowed an established protocol detailing perioperative man-
agement of all patients who underwent surgical resection of 
pituitary masses. This has allowed for obtaining consistent 
data at specific perioperative time points in patients who 
were subsequently shown to have a SCA and others who 
had an immunonegative tumors.

Thus, a total of 38 patients (18 women; 20 men, mean 
age 50.1 ± 13.7 years) were included in the analysis for the 
SCA group. The control group comprised 182 patients (89 
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women/93 men, mean age 51.8 ± 15.9 years) who had simi-
lar pre and postoperative data acquisition (Table 1).

Assessment of HPA function

HPA function was assessed in all patients as follows. Pre-
operative laboratory tests were obtained which included 
serum cortisol, ACTH, DHEAS, DHEA, prolactin, IGF-1, 
TSH, free thyroxine, FSH and LH in all patients, total and 
free testosterone in men and estradiol in women. Patients 
with a normal plasma ACTH concentration and a random 
serum cortisol of 12  µg/dL or greater were considered to 
have a normal HPA function [14, 15]. Patients with a ran-
dom serum cortisol of >5  ug/dL and an age-appropriate 
serum DHEA-S levels were also considered to have a nor-
mal HPA function [14, 15]. Patients with a random serum 
cortisol of 5–11 ug/dL but had a low or low-normal serum 
DHEA-S levels had a 1 ug Cosyntropin test to assure nor-
mality of the HPA function [14, 15]. Post-operative labo-
ratory evaluation included the aforementioned laboratory 
tests obtained at 2–4, 6–8, and every 6 h thereafter for 48 h 
[8–12]. The protocol stipulates that glucocorticoids are not 
administered before and during surgery to patients who 
have normal HPA function as previously defined [8–12].

Peri-operative HPA function was defined on the basis of 
repeated measurements of serum cortisol in response to the 
surgical stress. A normal response to surgery is defined on 
the basis of serum cortisol levels of >15 ug/dL on multiple 
occasions during the first 36 postoperative hours without 
having values below 5 ug/dL.

Laboratory analysis

Plasma ACTH concentrations were measured using solid-
phase, two-site sequential chemiluminescent immunomet-
ric assay, using the Immulite 2000XPi (Siemens, Malvern, 
PA). The lower limit of quantitation for the assay is 5 ng/L. 

Intra-assay coefficients of variation for the lower and upper 
limits are 4.4 and 3.1%, respectively. Inter-assay coeffi-
cients of variation for the lower and upper assay ranges are 
9.0 and 8.5%, respectively. The normal AM plasma ACTH 
in this assay was 5–46 ng/L. Serum cortisol measurements 
were made using the direct chemiluminescent immunoas-
say method, using Advia Centaur XP instrument (Siemens, 
Malvern, PA). The lower limit of quantitation for the assay 
is 0.2  ug/dL. Intra-assay coefficients of variation for the 
lower, mid and upper assay measurement ranges are 4.7, 
3.9 and 2.3%, respectively. The inter-assay coefficients of 
variation for the lower, mid and upper limits are 6.1, 8.2 
and 4.4%, respectively. The normal AM cortisol in this 
assay was 5–20 µg/dL. Serum DHEA levels were measured 
with HPLC-tandem mass spectroscopy method developed 
by Quest Diagnostics Nichols Institute (San Juan Capist-
rano, CA). The lower limit of detectability was 10 ng/dL. 
The intra-assay coefficients of variation at the lower, mid 
and upper limits are 13.5, 5.2 and 3.3% respectively. The 
interassay coefficients of variation at the lower, mid and 
upper and limits are 14.3, 7.7 and 7.1% respectively. The 
normal DHEA in this assay was 61–1636 ng/dL, depend-
ing on the age and gender of the subject. Serum DHEA-S 
levels were measured using solid-phase, chemiluminescent 
enzyme-labeled immunoassay, using the Immulite 2000XPi 
(Siemens, Malvern, PA). The lower limit of quantitation for 
the assay is 15 ug/dL. Intra-assay coefficients of variation 
at the lower, mid and upper limits are 7.4, 5.4 and 4.8%, 
respectively. The inter-assay coefficients of variation at the 
lower and upper limits are 8.5 and 7.9%, respectively. The 
normal DHEA-S in this assay was 28–290 µg/dL, depend-
ing on the age and gender of the subject.

Statistical analysis

Data are presented as mean ± standard deviation, unless 
stated otherwise. The perioperative data from the SCA 
as well as those with immunonegative tumors were first 
analyzed using the Kruskal–Wallis test, as a nonparamet-
ric alternative to the ANOVA test. Comparisons between 
groups were done using the Wilcoxon rank sum test for 
nonparametric measurements. Categorical data were com-
pared using Chi square (χ2) and Fisher exact tests. Differ-
ences were considered significant when the two-sided P 
values were <0.05. All data analysis was made using the 
SPSS program (SPSS Inc., Chicago, IL).

Results

The Preoperative patients’ characteristics are shown in 
Table 1. As shown in Table, preoperative ACTH, cortisol, 
DHEA and DHEAS values in patients with SCAs and those 

Table 1   Preoperative characteristics of patients with corticotropin-
positive (silent corticotroph adenomas) and others with corticotropin-
negative adenomas (control groups)

NS not significant

Silent cortico-
troph adenomas
n = 38

ACTH-nega-
tive adenomas
n = 182

p value

Age at surgery (years) 50.1 ± 14.1 51.8 ± 15.9 NS
Gender NS
 Females/males 18/20 89/93

Cortisol (µg/dL) 15.0 ± 6.2 13.4 ± 5.3 NS
DHEA (ng/dL) 4.4 ± 4.3 3.6 ± 3.3 NS
DHEAS (µg/dL) 105.9 ± 58.2 106.5 ± 68.6 NS
ACTH (ng/L) 31.1 ± 23.4 25.3 ± 19.9 NS
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of the Control group were identical and not shown to be 
statistically significant.

Peri‑operative HPA function

The peri-operative data on all patients are illustrated in 
Figs. 1 and 2. Plasma ACTH as well as serum cortisol levels 
promptly increased shortly after extubation in both groups 
of patients. The response was identical in the two groups 
(Fig. 1). The rise in plasma ACTH was robust reaching a 
peak at around 2–4 h and persisting for nearly 24 h. This 
was followed by a gradually and robust increase in serum 
cortisol levels that reached a peak at 6–8 h after extubation 
and decreased gradually thereafter where it became close to 
baseline values at 48 h. A parallel rise in the serum level of 
another ACTH-dependent steroid, DHEA was observed to 
reach its peak at the same as that of serum cortisol (Fig. 2). 
The rise in serum DHEA was identical in both groups of 
patients.

An additional response to the robust increase in ACTH 
secretion after surgery was the observed rise in serum 
DHEA-S as a result of increased DHEA secretion and sul-
fation. As expected, the observed peak in serum DHEA-S 
levels was not detected until 15–18 h after extubation with 
gradual return to preoperative baseline values by the 36th 
to the 48th postoperative hour (Fig. 2).

HPA function 3 months after surgery

HP function was normal and similar to preoperative data 
in all patients. That is none of the patients acquired new 
hormonal deficits.

Discussion

Although the lack of clinical manifestations of hypercor-
tisolism is well appreciated in subjects with SCAs, the 
HPA axis response to stressful events in these patients 
has not been previously characterized. The current study 
provides such characterization. The presence of ACTH-
positive immunostaining tumors in these patients did 
not influence HPA activation in response to the surgical 
stress. More specifically, the data presented herein dem-
onstrate that under immense physiological stress, there 
was no difference with regards to ACTH and its three 
dependent steroids in the post-operative period between 
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Fig. 1   Repeated measurements of plasma ACTH (top panel) and 
serum cortisol (lower panel) levels during the 48 postoperative hours 
obtained in patients with normal HPA function who had surgical 
resection of ACTH-negative (solid line) and ACTH-positive (dashed 
line) pituitary macroadenomas. There were no differences in plasma 
ACTH and serum cortisol levels between the two groups at any of the 
postoperative times these were determined
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Fig. 2   Repeated measurements of serum levels of DHEA (Top 
panel) and DHEA-S (lower panel) during the 48 postoperative hours 
obtained in patients with normal HPA function who had surgical 
resection of ACTH-negative (solid line) and ACTH-positive (dashed 
line) pituitary macroadenomas. There were no differences in serum 
DHEA levels between the two groups at any of the postoperative 
times these were determined. Serum DHEA levels reached a peak 
at 6–8  h and returned to baseline values 24  h after surgery in both 
groups of patients. The response paralleled that observed for the rise 
in serum cortisol depicted in Fig. 1. The peak DHEA-S response was 
noted at 15–18 h following which, the level declined t baseline values 
by 36–48 h
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SCA subjects and their immunonegative counterparts 
with normal HPA axis function. The data reaffirm the 
complete absence of ACTH biologic effects in these 
tumors. The absence of Crooke’s hyaline changes histo-
logically is consistent with the lack of excess glucocorti-
coid effects on these tumors.

The majority of SCA patients presented in the fifth and 
sixth decades of life, similar to most previous reports [16]. 
SCA affected both genders with a slightly higher prevalence 
in men, which is similar to three previous reports [16–18]. 
The hallmark of SCAs is that they have positive immuno-
reactivity for ACTH but demonstrate no biochemical evi-
dence or clinical manifestations of cortisol excess. Because 
there is no specified clinical phenotype, these tumors are 
likely to go undetected unless mass effects occur because of 
their size (macroadenomas). A number of features, though 
nonspecific, characterize the presentation of patients with 
SCAs, namely high frequency of symptoms attributable 
to mass effects, particularly visual field defects and hypo-
pituitarism [6]. The pathogenesis of SCAs is intriguing 
and not completely understood. Various mechanisms for 
the clinical silence of these tumors have been postulated 
and include, but are not limited to: biological inactivity 
of ACTH, increase in intracellular disposal by lysosomes, 
defective packaging of ACTH into secretory granules due 
to an inadequately developed Golgi complex and failure of 
exocytosis of hormone from the cell membrane [6, 7]. In a 
study by Gibson et al., it has been found that ACTH may 
be functionally inactive because of abnormal processing 
of POMC [19]. SCAs have also been found to have lower 
expressions of PC1/3, which is the enzyme that is responsi-
ble for cleaving POMC into ACTH [20, 21].

Currently, two distinct pathologic subtypes of SCAs are 
recognized [6]. Macroscopically, both SCA subtypes are 
generally macroadenomas with variable invasion or com-
pression of parasellar structures. This is in stark contrast 
to functional ACTH adenomas, which are mostly found to 
be microadenomas at the time of clinical presentation due 
to the manifestations of hypercortisolemia. Type I SCA, 
which accounts for 68%, is histologically and ultrastructur-
ally indistinguishable from classical Cushing’s adenoma 
with the exception of having the Crooke’s hyaline changes, 
which are pathognomonic for Cushing’s as a result of per-
sistent hypercotisolemia. These type-1 tumors show strong 
ACTH expression by the majority of tumor cells. In con-
trast, the type II SCA has only patchy or faint ACTH-posi-
tivity by immunohistochemistry.

Medical treatment is not currently included in the ther-
apeutic protocol of SCAs and surgery remains the main 
therapeutic approach. There have been attempts to iden-
tify predictors for recurrence but these were proven to be 
unsuccessful. Preoperative tumor invasiveness, cavern-
ous sinus extension, tumor subtype, degree of ACTH 

immunoreactivity and Ki-67 index do not seem to be asso-
ciated with increased risk of recurrence [17].

In summary, the current investigation shows that under 
the immense physiological stress of the postop period, the 
pattern and magnitude of HPA activation in patients with 
SCAs were similar to other patients who had surgical resec-
tion of tumors that had negative ACTH immunoreactivity. 
Specifically, there were no differences in plasma ACTH 
levels or in any of the three ACTH-dependent adrenal ster-
oids when SCAs were compared to their immunonegative 
counterparts. The data reaffirm the complete absence of 
ACTH biologic effects in these tumors.
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