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Abstract
Purpose  Remission from Cushing disease (CD) after pituitary adenoma resection may be predicted by a postoperative 
reduction in serum cortisol level. A 2008 consensus statement recommends assessing morning cortisol levels during the 
first postoperative week, and replacing glucocorticoid (GC) if cortisol nadir of < 2 or < 5 µg/dL is achieved. We sought 
to evaluate adherence to consensus recommendations following adrenocorticotropic hormone (ACTH)-secreting pituitary 
adenoma resection at our tertiary medical center, and assess time to cortisol nadir to better define the window for assessment 
and intervention.
Methods  We retrospectively analyzed data extracted from in-hospital electronic medical records for CD surgeries between 
January 1991 and September 2015. We compared cortisol levels and collection times, ACTH measurement, and postopera-
tive and discharge GC treatment before and after consensus statement publication in July 2008.
Results  107 surgeries were performed in 92 patients with CD. After 2008, more surgeries had at least one cortisol value 
assessed (67.9% before vs. 91.3% after, p = 0.033), with median initial cortisol measurement at 14 h post-surgery. However, 
ACTH measurement remained unchanged (42.9% vs. 43.5%; p > 0.99). Cortisol collection during GC treatment tended to 
increase (32.7% vs. 57.1%; p = 0.068). Of surgeries performed without prior GC treatment, 31.7 and 55.0% had a cortisol 
nadir of < 2 and < 5 µg/dL, respectively, within 72 h postoperative.
Conclusions  Our physicians were more diligent in measuring in-hospital postoperative cortisol levels consistent with 
2008 consensus recommendations. Better management of cortisol measurements and their timing is an opportunity for 
improvement.
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Introduction

Cushing disease (CD) is caused by endogenous hyper-
cortisolism driven by an adrenocorticotropic hormone 

(ACTH)-secreting pituitary adenoma. CD accounts for 
10–12% of all pituitary adenomas and 65–70% of patients 
with Cushing’s syndrome [1]. Surgical excision by an expe-
rienced neurosurgeon is the preferred treatment [2, 3], with 
remission rates of up to 65–98% reported after first surgery 
[3, 4].

Suppression of normal pituitary ACTH-secreting cortico-
trophs is caused by prolonged negative feedback inhibition 
due to high circulating cortisol levels [2]. Transient loss of 
ACTH secretion and related lack of adrenal glucocorticoid 
production, which may last for months, is seen upon com-
plete pituitary tumor resection; the presence of this central 
adrenal insufficiency is suggestive of remission. Postop-
erative morning cortisol level nadir < 2 µg/dL is strongly 
associated with remission [1, 3, 5], and nadir < 5 µg/dL 
is suggestive of remission [2, 3, 6, 7]. The potential pres-
ence of adrenal insufficiency in these patients mandates 

 *	 Anat Ben‑Shlomo 
	 benshlomoa@cshs.org

1	 Pituitary Center, Department of Medicine, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA

2	 Biostatistics Core, Research Institute, Cedars-Sinai Medical 
Center, Los Angeles, CA, USA

3	 Department of Neurosurgery, Cedars-Sinai Medical Center, 
Los Angeles, CA, USA

4	 Pituitary Center, Division of Endocrinology, Diabetes & 
Metabolism, Cedars-Sinai Medical Center, Davis Building, 
Room 3021, 8700 Beverly Blvd., Los Angeles, CA 90048, 
USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s11102-017-0845-3&domain=pdf


42	 Pituitary (2018) 21:41–49

1 3

glucocorticoid (GC) treatment until adrenal gland recov-
ery occurs [2, 3, 8]. However, some advocate initiating GC 
replacement even in the absence of confirmatory biochemi-
cal testing [1, 6]. A consensus statement endorsed by the 
European Neuroendocrine Association and the Pituitary 
Society published in 2008 recommends measuring morn-
ing serum cortisol level during the first postoperative week 
while withholding GC treatment or using low doses of dexa-
methasone. When there is evidence of secondary adrenal 
insufficiency, initiating GC at doses equivalent to hydrocor-
tisone 12–15 mg/m2 is recommended [3]. A more recent 
guideline from the Endocrine Society on the treatment of 
Cushing’s syndrome recommends a hydrocortisone dose of 
10–12 mg/m2, but does not address timing of serum cortisol 
assessment [2].

As part of an effort to identify areas for quality improve-
ment in our tertiary Pituitary Center, we evaluated the time 
and number of serum cortisol measurements after surgery 
and use of postoperative GC treatment, comparing practice 
standards before and after publication of the July 2008 con-
sensus, and identifying potentially unnecessary tests. We 
also calculated median time to cortisol nadir reached during 
hospitalization to better define the critical time window for 
postoperative cortisol assessment and GC initiation.

Materials and methods

Subjects and data collection

We retrospectively searched our electronic medical records 
(EMR) system (EPIC and WebVS) for patients with 
the ICD-9 code 255.0 (http://www.icd9data.com/2013/
Volume1/240-279/249-259/255/255.0.htm), which includes 
the diagnosis of CD, and who also underwent pituitary sur-
gery between January 1, 1991, and September 1, 2015. Of 
the 1030 patients with ICD-9 code 255.0, 101 patients also 
underwent pituitary surgery during this time frame; 929 
patients did not undergo surgery and were excluded. Of the 
101 patients identified, 9 were excluded due to pituitary 

surgery outside of our center, insufficient data in the EMR, 
or incorrectly documented diagnosis (e.g., Rathke’s cleft 
cyst) (Fig. 1). As some patients underwent more than one 
procedure, 107 pituitary surgeries among 92 patients with 
CD met inclusion criteria.

Data were collected from the time the patient was hospi-
talized for resection until discharge. We recorded the date 
and time of surgery; patient age and sex; whether it was 
the initial or a follow up surgery; length of hospital stay; 
operating neurosurgeon; preoperative biochemical assess-
ment for CD including 24-h urinary free cortisol (24UFC), 
late night salivary cortisol (LNSC), and low and high dose 
dexamethasone suppression tests (DST); tumor size on pitui-
tary magnetic resonance imaging (MRI); and whether infe-
rior petrosal sinus sampling (IPSS) validated the diagnosis. 
Initial biochemical assessment, MRI, and IPSS data were 
used in the few patients with two close subsequent surger-
ies at our facility if no additional workup was done in the 
interim. Results of pituitary tissue immunohistochemistry 
were recorded.

The value, date, and time of all postoperative serum cor-
tisol and ACTH measurements were collected, and results 
grouped by time after surgery (0–6, 7–12, 13–24, 25–48, 
and 49–72 h). Morning serum cortisol measurement was 
defined as any collection between 5 am and 10 am. We also 
recorded the type of GC used (hydrocortisone, prednisone, 
or dexamethasone) and specified whether it was adminis-
tered intraoperatively (during surgery), postoperatively (any 
time after surgery but during hospitalization), or prescribed 
at discharge (to be initiated after release from the hospital).

Study endpoints, including time to first postoperative cor-
tisol measurement, number of postoperative serum cortisol 
and in-hospital ACTH measurements, and use and type of 
postoperative GC treatment were compared for surgeries 
performed before and after publication of the consensus 
statement in July 2008 (identified below as the before and 
after study groups). Time to cortisol nadir was calculated 
for all patients not treated with GC during hospitalization.

Fig. 1   Flow chart of patients 
included in the analysis. CD 
cushing disease. aIncorrectly 
documented ICD-9 code

Pa�ents with CD (ICD-9 code 255.0)  
who underwent pituitary surgery  

N=101 

Before 2008 guidelines 
84 surgeries among 72 pa�ents 

A�er 2008 guidelines 
23 surgeries among 20 pa�ents 

Excluded 9 pa�ents: 
2 Pituitary surgeries outside of our center  
4 Incomplete medical records 
3 Incorrect diagnosisa

Pituitary surgeries for CD performed at our center 
N=107 (n=92 pa�ents) 

http://www.icd9data.com/2013/Volume1/240-279/249-259/255/255.0.htm
http://www.icd9data.com/2013/Volume1/240-279/249-259/255/255.0.htm
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Statistical analysis

Statistical analysis was done using SAS version 9.2 (SAS 
Institute, Cary, NC). Analyses were performed on individ-
ual surgeries. Categorical variables were compared across 
groups by the Fisher exact test and numerical variables were 
compared between groups by the Wilcoxon rank sum test. 
A 2-sided statistical significance level of < 0.05 was used 
throughout.

Results

Patient demographics

A total of 92 patients underwent 107 surgeries for CD 
between January 1991 and September 2015; 84 surgeries 
comprised the before group and 23 surgeries comprised 
the after group (Fig. 1; Table 1). Mean age at surgery was 
41.9 years (range 16.0–71.0) and was similar in the before 

and after groups. A higher percentage of females was treated 
(86.9%). In total, 68.2, 21.5, 9.4, and 0.9% of surgeries were 
the first, second, third, and fourth surgeries, respectively, and 
the distribution was similar for the before and after groups. 
Four patients (3.7%) underwent total hypophysectomy, three 
of whom were in the before group (data not shown). Hos-
pital length of stay was longer in the after group (4 days) as 
compared to the before group (3 days; p = 0.002).

A total of 75.7% (81/107) of surgeries [84.5% (71/84) 
before and 43.5% (10/23) after] had a documented diag-
nosis of Cushing’s syndrome with two of three positive 
tests (24UFC, LNSC, DST). The remaining surgeries were 
performed on patients diagnosed with CD by an endocri-
nologist outside our center without full EMR documenta-
tion of biochemical results confirming the diagnosis. MRI 
results were available for 93 of 107 surgeries. Among these, 
7.5% (7/93) were pituitary macroadenomas (largest diam-
eter ≥ 1 cm). Median adenoma diameter was 4.0 mm for all 
tumors (range 1.4–37.2). A total of 16.1% (15/93) had no 
identifiable adenoma on MRI [14.3% (10/70 before) and 

Table 1   Patient/surgery 
characteristics before and after 
the 2008 guideline

Analyses were performed on individual surgeries. N total number of surgeries for which data are available, 
IPSS inferior petrosal sinus sampling, IQR interquartile range
a p value comparing before and after
b Documented as confirmed with two of three positive tests (24-h urinary free cortisol, late night salivary 
cortisol, and low and high dose dexamethasone suppression tests)
c Equivocal MRI suggests possibility of an adenoma without a definitive tumor seen
d p value comparing positive versus combined normal and negative pathology

Total Before guideline After guideline p valuea

Surgeries, N (%) 107 84 (78.5) 23 (21.5)
Patients, N (%) 92 72 (78.3) 20 (21.7)
Age at surgery (years; mean [range]) 41.9 [16–71] 42.1 [17–71] 41.0 [16–71] 0.98
Females, n/N (%) 93/107 (86.9) 77/84 (91.7) 16/23 (69.6) 0.011
Surgeries, n/N (%) 0.44
 First 73/107 (68.2) 58/84 (69.1) 15/23 (65.2)
 Second 23/107 (21.5) 18/84 (21.4) 5/23 (21.7)
 Third 10/107 (9.4) 8/84 (9.5) 2/23 (8.7)
 Fourth 1/107 (0.9) 0/84 (0) 1/23 (4.4)

Hospitalization length (days; median [IQR]) 3.0 [3.0–4.0] 3.0 [3.0–4.0] 4.0 [3.0–4.0] 0.002
Number of neurosurgeons 10 8 2
Cushing’s syndrome diagnosis confirmedb

n/N (%)
81/107 (75.7) 71/84 (84.5) 10/23 (43.5) < 0.0001

Adenoma largest diameter on MRI (mm; 
median [range])

4.0 [1.4–37.2] 4.0 [1.5–30] 5.7 [1.4–37.2] 0.135

Macroadenoma (≥ 1 cm), n/N (%) 7/93 (7.5) 2/70 (2.9) 5/23 (21.7) 0.009
No visible adenoma, n/N (%) 15/93 (16.1) 10/70 (14.3) 5/23 (21.7) 0.51
Equivocal MRIc, n/N (%) 8/93 (8.6) 7/70 (10.0) 1/23 (4.3) 0.67
IPSS, n/N (%) 34/94 (36.2) 24/71 (33.8) 10/23 (43.5) 0.46
Surgical pathology, n/N (%) 0.003d

 Positive for ACTH 56/106 (52.8) 38/84 (45.2) 18/22 (81.8)
 Negative for ACTH 5/106 (4.7) 5/84 (6.0) 0/22 (0)
 Normal pituitary 45/106 (42.5) 41/84 (48.8) 4/22 (18.2)
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21.7% (5/23) after], with equivocal results suggesting the 
possibility of an adenoma reported in 8.6% (8/93) of these 
surgeries [10.0% (7/70) before and 4.3% (1/23) after]. Data 
on whether IPSS was performed were available for 94 of 
107 surgeries; 36.2% (34/94) of surgeries had preoperative 
IPSS, all of which localized an ACTH-secreting adenoma. 
Four surgeries without documented IPSS also had negative 
MRI results (three before and one after 2008). Eight neuro-
surgeons performed 84 surgeries before and two neurosur-
geons performed the 23 surgeries after. However, most sur-
geries were performed by two neurosurgeons: one performed 
61.7% (66/107) of all surgeries (78.6% [66/84] before and 
0% [0/23] after) and the second performed 26.2% (28/107) 
of all surgeries (8.3% [7/84] before and 91.3% [21/23] after; 
data not shown). Positive tumor ACTH immunohistochemis-
try was observed in 52.8% of resected tumors (56/106), with 
higher rates seen in the after group (45.2% [38/84] before vs 
81.8% [18/22] after) compared with combined normal and 
negative pathology, p = 0.003. A total of 42.5% (45/106) had 
normal pituitary tissue on surgical pathology (48.8% [41/84] 
before vs. 18.2% [4/22] after), and 4.7% had negative tumor 
ACTH immunohistochemistry (6.0% [5/84] before vs. 0% 
[0/22] after).

Postoperative cortisol measurement

Routine postoperative measurement of cortisol level was 
more diligent after publication of the consensus statement 
(Table 2): postoperative cortisol was measured at least once 
irrespective of GC exposure in 67.9% (57/84) of surgeries 
before versus 91.3% (21/23) after (p = 0.033). These meas-
urements were taken within the first 24 h following surgery 
in 93.0% (53/57) before and 100.0% (21/21) after (p = 0.57). 
Overall median time to first postoperative cortisol measure-
ment irrespective of prior GC exposure (n = 78) was 14 h 
[range 2.0–44.0] (data not shown).

Among the 76 surgeries with documented GC exposure 
during hospitalization (defined as hydrocortisone or pred-
nisone in the prior 24 h or dexamethasone in the prior 48 h) 

and at least one assessed cortisol, more postoperative corti-
sol measurements were taken after (57.1% [12/21] vs. before 
(32.7% [18/55]; p = 0.068), but there was no change in post-
operative measurement of ACTH (42.9% [36/84] before vs. 
43.5% [(10/23] after; p > 0.99; data not shown).

Among the 60 surgeries with at least one serum cortisol 
collected without prior GC exposure, 59 (98.3%) were col-
lected within 24-h of surgery, with a similar distribution 
before (97.7%; 43/44) versus after (100.0%; 16/16; data not 
shown). As depicted in Fig. 2a, first cortisol measurement 
was undertaken mostly at 13–24 h after surgery (60.0%; 
36/60), followed by 7–12 h after surgery (31.7%; 19/60). 
Fewer measurements were taken within the first 6 postop-
erative hours (6.7%; 4/60), and the fewest after 25 h (1.7%; 
1/60).

Among those that reached one of two nadir cortisol level 
thresholds suggested in the consensus statement (Fig. 2a), 
5.3% (1/19) of those with a first cortisol level measured 
at 7–12 h postoperative attained a nadir of < 2 µg/dL, and 
15.8% (3/19) attained a nadir of < 5 µg/dL, while 16.7% 
(6/36) and 38.9% (14/36) attained cortisol nadir of < 2  or 
< 5 µg/dL at 13–24 h postoperative, respectively (p = 0.58 
and p = 0.146, respectively).

Time to cortisol nadir in the subgroup of surgeries with-
out GC exposure is depicted in Fig. 2b. Of the 60 surgeries 
included, 31.7% (19/60) and 55.0% (33/60) reached a nadir 
of < 2 µg/dL and < 5 µg/dL, respectively, within the first 72 h 
(data not shown). All cortisol nadirs were achieved more 
than 7 h post-surgery, and the majority did so by 25–48 h. 
There was no significant difference in the percentage of sur-
geries attaining nadir of < 2 µg/dL (29.5% [13/44] before vs. 
37.5% [6/16] after; p = 0.55), nor in attaining nadir of < 5 µg/
dL (50.0% [22/44] before vs. 68.8% [11/16] after; p = 0.25) 
(data not shown). Of note, among surgeries in which patients 
received prior dexamethasone (> 1 mg/dL), serum cortisol 
suppression below 5 and 2 µg/dL was observed in 46.2% 
(6/13), and 15.4% (2/13), respectively (data not shown).

Endogenous cortisol levels peak in the early morning in 
healthy subjects, which is why measuring morning serum 

Table 2   Postoperative cortisol measurements before and after the 2008 guideline

N Total number of surgeries for which data are available, GC glucocorticoid
Analyses were performed on individual surgeries
a p value comparing before and after
b Surgeries in which patients were not treated with hydrocortisone or prednisone within 24 h or dexamethasone within 48 h prior to the test
c Data collected from 78 surgeries during which at least 1 cortisol level was measured, irrespective of prior GC exposure

Postoperative measurement Total Before guideline After guideline p valuea

≥ 1 Cortisol, n/N (%) All surgeries 78/107 (72.9) 57/84 (67.9) 21/23 (91.3) 0.033
No GC exposureb 60/76 (78.9) 44/55 (80.0) 16/21 (76.2) 0.76

First cortisol measured within 24 
h of surgery, n/N (%)

c 74/78 (94.9) 53/57 (93.0) 21/21 (100.0) 0.57
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cortisol measurements are recommended [3]. Of the 136 
cortisol measurements for surgeries in patients not previ-
ously treated with GC (Fig. 2c), 61.0% (83/136) were per-
formed between 5 and 10 am; in the before group, 68.3% 
(56/82) were performed during this interval versus 50% 
(27/54) in the after group (p = 0.048). The remaining tests 
were performed at other times (39.0% [53/136] overall; 
31.7% [26/82] before vs. 50.0% [27/54] after; p = 0.048).

GC use

Perioperative GC treatment (IV, IM, or PO) is depicted in 
Table 3. In-hospital postoperative GC was administered to 
71.6% (58/81) before versus 82.6% (19/23) after (p = 0.42), 
and GC prescription at discharge was given to 72.1% (31/43) 
before versus 78.3% (18/23) after (p = 0.77). Of the 29 sur-
geries with no in-hospital cortisol assessment, 62.1% (18/29) 
were discharged with GC, 63.0% (7/27) before versus 50.0% 
(1/2) after (p > 0.99; data not shown). Intraoperative GC 
use was rare, and administered to 7.7% (8/104) of patients 

overall, yet its use increased significantly, from 3.7% (3/81) 
before to 21.7% (5/23) after (p = 0.007).

We observed a shift from dexamethasone to hydrocorti-
sone use in both the in-hospital postoperative period and at 
discharge (Fig. 3). In the postoperative period, in the before 
group, 74.2% of surgeries (43/58) were followed with dexa-
methasone treatment versus only 15.8% (3/19) of surgeries 
after. In contrast, 24.1% of surgeries (14/58) were followed 
with hydrocortisone treatment before, and 84.2% (16/19) 
were followed with hydrocortisone after. The shift from 
postoperative dexamethasone to hydrocortisone was highly 
significant (p < 0.0001). A similar shift was observed in 
discharge GC prescribed. While dexamethasone prescrip-
tions were provided in 19.4% (6/31) of surgeries at discharge 
before, only 11.1% (2/18) were prescribed dexamethasone 
after. In contrast, hydrocortisone prescriptions at discharge 
increased from 51.6% (16/31) before to 88.9% (16/18) after. 
This shift from dexamethasone to hydrocortisone prescrip-
tion at discharge was also significant (p = 0.01). Prednisone 
was prescribed in 1.7% (1/58) postoperative and in 29.0% 

Fig. 2   Postoperative cortisol measurement. a Time to first cortisol 
measurement at each time interval after surgery. Black, percentage 
of total surgeries without glucocorticoid exposure (n = 60) with first 
cortisol assessment; light gray, percentage of first cortisol measure-
ments collected at each time interval achieving nadir < 2 µg/dL; dark 
gray, percentage of first cortisol measurements collected at each time 

interval achieving nadir < 5  µg/dL. b Time to cortisol nadir at each 
time interval after surgery. Light gray, cortisol nadir < 2 µg/dL; dark 
gray, cortisol nadir < 5 µg/dL. c Time of day of cortisol measurement. 
Black, percentage of total cortisol measurements (n = 136); light gray, 
before group (n = 82); dark gray, after group (n = 54). *p = 0.048 for 
both comparisons
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(9/31) of surgeries at discharge before, and was not pre-
scribed at all after at either time point. Of the 27% (29/107) 
of patients who had no postoperative cortisol assessment, 
62.1% (18/29) were discharged with GC treatment, 31.0% 
(9/29) had unknown GC discharge status, and 6.9% (2/29) 
had no GC prescribed upon discharge (data not shown).

Discussion

The 2008 consensus statement on treatment of CD recom-
mends measuring morning serum cortisol in the first week 
after resection of the adenoma while withholding GC treat-
ment or treating with low-dose dexamethasone. Cortisol 
level < 2 µg/dL is associated with remission and a recurrence 

rate of only 10% over 10 years, with a slightly higher recur-
rence rate of 15–30% seen if cortisol nadir is < 5 µg/dL [3]. 
A recent review from the American Association of Clinical 
Endocrinologists focusing on CD recurrence noted that there 
is no agreement on the exact postoperative cortisol nadir 
predictive of remission, but that lower cutoffs, i.e., < 2 or 
2–5 µg/dL, are associated with lower risk of recurrence [8].

We analyzed our tertiary center’s practice of in-hospi-
tal assessment of CD patients for postoperative remission 
before and after the 2008 consensus statement was published 
to determine whether it affected perioperative management. 
Use of our EMR afforded us an advantage, as details of labo-
ratory tests, medications, pathology reports, and imaging 
studies were available if performed in our hospital.

Our study sample size of 107 surgeries was relatively 
small due to the rarity of CD, with an incidence rate of 
approximately 1.2–2.4 per million per year and a prevalence 
of up to 40 cases per million [9, 10]. Moreover, not all sur-
geries could be included for each analysis, due to incomplete 
reporting by the treating physician or partial data uploaded 
to the EMR. We found that, of the 60 surgeries without 
IPSS, 4 surgeries also had negative MRI. Three patients 
before 2008 were directly referred for surgery by outside 
endocrinologists, and the lack of IPSS either represents vari-
able practices by practitioners outside of a large pituitary 
center, or IPSS was performed but not documented in our 
EMR. One patient who had a second surgery after 2008 for 
cyclical CD had confirmatory IPSS done prior to the first 
surgery 7 years prior. Importantly, we found that one-fourth 
of surgeries were performed on patients without definitive 
documentation of CD. Although this may be due, at least 
in part, to poor data collection from outside endocrinolo-
gists, it also highlights the danger of potentially unnecessary 
pituitary surgery on patients without complete preoperative 
evaluation.

As adenomas are not always visualized on MRI [5–8, 
11], pathologic confirmation of an ACTH-secreting pituitary 
adenoma is not always available. Our observation of nearly 

Table 3   Perioperative 
glucocorticoid treatment before 
and after the 2008 guideline

Intraoperatively during surgery, postoperatively after surgery during hospitalization, at discharge pre-
scribed upon release from the hospital, GC glucocorticoid
Analyses were performed on individual surgeries
a N surgeries in which GC use (intra-, postoperative, and discharge) was recorded in the electronic medical 
record
b p value comparing before and after
c N surgeries in which GC use at discharge was recorded in the electronic medical record

GC treatment Surgeries, n/Na (%)

Total Before guideline After guideline p valueb

Intraoperatively 8/104 (7.7) 3/81 (3.7) 5/23 (21.7) 0.007
Postoperatively 77/104 (74.0) 58/81 (71.6) 19/23 (82.6) 0.42
At dischargec 49/66 (74.2) 31/43 (72.1) 18/23 (78.3) 0.77

Fig. 3   Type of postoperative and discharge glucocorticoid used. Post-
operative, glucocorticoid treatment following surgery during hos-
pitalization; at discharge, glucocorticoid treatment prescribed upon 
hospital discharge. Before group was compared to after group. Black, 
prednisone; light gray, dexamethasone; dark gray, hydrocortisone. 
*p < 0.0001; **p = 0.01
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50% of surgical specimens without confirmatory ACTH 
staining was higher than the approximately one-fourth of 
surgeries reported by one retrospective study [12]. Our rate 
of pathology confirmation improved over time, increasing 
from 50% of specimens before to 80% after, likely because 
a single specialized and highly experienced neurosurgeon 
(A.M.) performed nearly all surgeries after 2007 [13]. We 
also note that no surgical specimens were ACTH-negative 
adenomas after. Possible explanations for negative histologi-
cal staining for ACTH, including incomplete submission of 
resected specimen, partial staining, or failed resection of the 
adenoma [12], may also be affected by near-exclusive use of 
a specialized neurosurgeon.

We found that, after publication of the 2008 consensus, 
cortisol level was measured after more surgeries during hos-
pitalization, consistent with the recommendation, although 
more measurements were performed per patient and at times 
other than in the morning. Despite the consensus recommen-
dations, it is unclear whether cortisol collection time should 
indeed be restricted to the morning in hospitalized patients 
immediately after resection. Multiple factors may alter cor-
tisol levels in these patients, including the possibility that the 
endogenous CRH-ACTH-cortisol diurnal rhythm may not 
have yet recovered, the potential for hospitalization-related 
altered sleep-wake cycles, surgery or hospitalization stress-
related effects, and, perhaps more common in our referral 
hospital, disruptions in the circadian rhythm due to patients 
travelling across time zones [11]. Studies targeting cortisol 
measurement timing postoperatively are needed to address 
the question whether cortisol levels can reflect likelihood 
of remission at any time of the day in the immediate post-
surgical period.

Our physicians continued their practice of early post-
operative assessment of first cortisol within the first 24 h 
after the 2008 guideline. Whether cortisol should be meas-
ured during the first 24 h is unclear [1, 3, 6], but is sup-
ported by the short half-life of cortisol [5] and our obser-
vation that < 2 and < 5 µg/dL nadirs are attained within 
24 h in approximately a tenth and a third of surgeries, 
respectively. Others have proposed delaying assessment. 
One study of patients in whom GCs were given only upon 
clinical signs of adrenal insufficiency found that cortisol 
levels may not approach 2 µg/dL until 30 h post-surgery, 
even though a decline could be observed as early as 1 
h [1]. Based on this experience, they recommend post-
operative cortisol assessment every 6 h for 3 days while 
withholding GC until there is clinical evidence of adre-
nal insufficiency or a nadir of < 2 µg/dL is achieved [1, 
5]. Another prospective study demonstrated that morning 
serum cortisol can be safely assessed on postoperative 
days 1 and 2 while withholding GC replacement until there 
is biochemical or clinical evidence of hypocortisolemia; 
using this approach, early remission was seen in 80% of 

patients [6]. Measuring cortisol within the first week after 
surgery allows for a longer time for diagnosis of adrenal 
insufficiency, but may miss it due to lack of follow up after 
discharge. In our experience, of the nearly one-fourth of 
patients who did not have a cortisol assessment during 
hospitalization, approximately two-thirds were discharged 
on GC therapy without explicit mention of endocrinology 
follow up within the week after surgery. Presumably, GC 
was prescribed empirically, but it may have been unnec-
essary. It led to missed opportunities to assess remission 
following discharge from the hospital, and could have led 
to harm if given to patients with persistent endogenous 
hypercortisolemia.

As cortisol levels can be falsely elevated due to cross-
reaction of exogenous GC with the cortisol assay or can 
be falsely suppressed by treatment with dexamethasone, we 
considered only patients without prior GC treatment as hav-
ing properly collected cortisol levels [14–16]. Within this 
group, approximately one-third reached a nadir of < 2 µg/dL 
during postoperative hospitalization and more than half had 
a nadir of < 5 µg/dL. Administration of “low-dose” dexa-
methasone, i.e., below the test dose of 1 mg, while evaluat-
ing cortisol for remission can potentially create falsely posi-
tive suppressed cortisol levels [14, 15]. None of our patients 
received low-dose dexamethasone in the hospital; however, 
nearly 50% of patients previously administered dexametha-
sone doses > 1 mg/dL either intra- or postoperatively had 
cortisol levels < 5 µg/dL. This is especially important as pro-
viders may prescribe dexamethasone believing that it will 
not interfere with the cortisol assay or to minimize intrac-
ranial edema [17]. Avoiding any GC treatment while evalu-
ating for cortisol nadir and tightly following for signs and 
symptoms of adrenal insufficiency is recommended [1, 5, 6].

Several factors could have affected our measured total 
cortisol levels. Cortisol-inhibiting treatments prior to sur-
gery, such as ketoconazole, dopamine agonists, metyrapone, 
and pasireotide, may have reduced pre-surgery cortisol levels 
and shortened time to nadir or masked the real nadir levels. 
Alterations in corticosteroid binding globulin and albumin 
due to concomitant hormonal treatment affect cortisol levels, 
and kidney or liver failure affect cortisol metabolism and 
clearance [1, 5, 11]. We could not analyze potentially con-
founding medications and comorbidities as many patients 
were referred from outside facilities and such data were 
missing from their electronic records.

It is unclear whether our continued measurement of 
ACTH is truly necessary. Early ACTH levels are considered 
a poor predictor of sustained remission [1, 3]. Although one 
study showed its utility by demonstrating that none of 38 
patients with plasma ACTH levels < 20 ng/L had disease 
recurrence after a mean follow-up of 83 months [18], others 
have found that low early postoperative ACTH levels may 
predict early cortisol nadirs, but is not always reflective of 
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long-term remission [19]. The true utility of measuring post-
operative ACTH for assessment of CD remission remains 
inconclusive [8].

Without a clear agreement on the most efficient sched-
ule for postoperative cortisol testing, we similarly cannot 
conclude that our observed rise in cortisol measurements 
after GC treatment suggests overuse. However, a practice 
of scheduling recurring blood biochemical measurements 
even after a nadir level of < 2 µg/dL is reached would likely 
contribute to wasted resources.

We found no difference in the percentage of surgeries that 
included postoperative GCs before or after 2008. However, 
we did find that hydrocortisone replaced dexamethasone and 
prednisone as the preferred postoperative and discharge GC 
treatment, which may also be attributed to a more uniform 
treatment approach of a dedicated neurosurgeon. Hydrocor-
tisone use is preferred as it allows for a close extrapola-
tion to the normal diurnal variation of endogenous cortisol 
production due to its short half-life and 2–3 times a day 
weight-based dosing [2]. By contrast, dexamethasone and 
prednisone are longer acting and more potent, and there-
fore carry a greater risk for over-replacement and long-term 
adverse effects such as insulin resistance, bone loss, weight 
gain, and sleep disturbances, in addition to the prolonged 
attenuation of hypothalamic–pituitary–adrenal axis recovery 
[20]. We also observed an unexpected dramatic increase in 
intraoperative GC use in the after group. GCs are frequently 
used by neurosurgeons to manage peritumoral brain edema 
[17], but it is unclear whether this practice is beneficial in 
preventing adrenal crisis. While not specifically commented 
on by the 2008 consensus statement, it is presumed to not 
be supported, as withholding of GC is recommended prior 
to cortisol assessment.

Conclusions

Following publication of the 2008 consensus statement, 
and in accordance with its recommendations, providers at 
our tertiary referral center more often assessed initial early 
serum cortisol after pituitary tumor resection during hos-
pitalization in patients with CD. Hydrocortisone became 
the GC of choice both postoperative and at discharge. How-
ever, we also found continued postoperative ACTH meas-
urements, which may be unnecessary, and an increase in 
cortisol measurement during GC exposure, which represents 
wasteful testing. Our findings have been helpful in the design 
of a new standardized protocol that will be implemented in 
our institute to improve quality and efficiency of periopera-
tive in-hospital care of patients undergoing ACTH-secreting 
pituitary adenoma resection. Our study results support the 
importance of perioperative management of patients with 
CD by an integrated team of experienced endocrinologists, 

pituitary neurosurgeons, and neuroradiologists. Such prac-
tice standards can minimize unnecessary surgery, identify 
patients with possible remission, and avoid inappropriate 
postoperative GC use.
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