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Introduction
Secondary adrenal insufficiency (SAI) has a prevalence of 150–280 
per million [1]. The most frequent cause is a pituitary or hypotha-
lamic tumor with the pituitary macroadenoma being the prevai-
ling tumor entity. No generally accepted recommendations for the 
diagnostic approach in SAI exist [2]. While diagnosis of glucocorti-
coid deficiency is straightforward in primary adrenal insufficiency 
(AI) [3], diagnosis of SAI is difficult and demanding. Basal morning 

cortisol below 100 nmol/l confirms AI and cortisol greater than 
500 nmol/l indicates intact hypothalamic-pituitary adrenal (HPA 
axis) [1, 4]. Results in the wide range between 100 and 500 nmol/l 
are equivocal and confirmatory biochemical examinations and  
stimulation tests are required. The diagnostic procedures [i. e.,  
insulin stimulation test (IST), short synacthen test (SST), and  
corticotropin releasing hormone (CRH) stimulation test] are not 
performed uniformly. They differ nationally and between countries 
[2, 5].
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AbStr Act

Great heterogeneity seems to exist regarding diagnosis, ther-
apy, and teaching of patients with secondary adrenal insuffi-
ciency (SAI) across Germany resulting in different diagnosis and 
treatment strategies. The aim of the work was to present the 
first national audit on diagnosis, treatment, and patient teach-
ing of SAI reflecting common clinical practice in Germany. A 
self-designed questionnaire was sent via e-mail to all members 
of the German Endocrine Society (approx. 120 centers). Re-
turned questionnaires (response rate 38.3 %) were checked for 
duplicity of institutions and analyzed. Diagnostic testing focus-
es on those patients with relevant risk for adrenal insufficiency. 
Basal serum cortisol is mostly used as screening test. Short 
synacthen and CRH tests are the preferred confirmatory tests, 
however, cut-off values vary due to different assays used. Pa-
tients with radiation, second surgery, progressive disease or 
new symptoms are followed by serial re-testing. Perioperative 
management and frequency of postoperative re-evaluations 
differ among centers. Hydrocortisone is the preferred gluco-
corticoid for replacement therapy, but daily doses vary consid-
erably (10–30 mg/day). Some centers perform hormone meas-
urements for dose adjustment of glucocorticoid replacement 
therapy whereas others rely on clinical judgement. Patients’ 
teaching is done in 84 % of centers, but only half of the centers 
include patients’ relatives. Homogeneity exists in patients’ 
teaching regarding intercurrent illnesses (fever, diarrhoea). 
Recommendations regarding dose adaptations in situations 
such as sport-activities, dental-procedures, or coughing are 
highly variable. This first national audit reveals great heteroge-
neity among German centers and could improve patients’ care 
in SAI, for example, by initiating new trials and developing clin-
ical practice guidelines.

 *  These authors contributed equally to this work
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Treatment of SAI is also a matter of ongoing debate [6]. Stan-
dard replacement therapy is mostly performed with hydrocortiso-
ne (HC). It is challenging to mimic the physiological requirement 
of glucocorticoids (GC) with conventional HC tablets [6, 7]. The 
practice regarding daily total dose, division of the dose during the 
day, and time points of administration varies considerably among 
centers and physicians. A modified-release preparation of HC has 
been developed recently as an alternative [8]. The treatment of SAI 
is aggravated by the fact that even physicians with training in en-
docrinology have significant knowledge gaps regarding medical 
replacement [9].

No randomized controlled studies assess the perioperative need 
of GC replacement in pituitary surgery [10]. Categorical periope-
rative replacement minimizes the risk of adrenal crisis. However, 
most currently used perioperative replacement schemes overtreat 
the HPA axis and unnecessary GC administration is associated with 
adverse sequelae [11, 12].

No consensus exists concerning the ideal surveillance of GC the-
rapy in SAI. While the importance of clinical signs and symptoms is 
generally accepted, the usefulness of hormonal assessment for 
dose adjustment of GC therapy is an unsettled issue [13–15]. An 
alarming high incidence of adrenal crises despite patient education 
has recently been shown in AI. Thus, 8.3 adrenal crises and 0.5 cri-
sis-related deaths were found per 100 patient-years [16]. Emergen-
cy cards are supposed to be handed to the patients that he/she can 
be identified more easily in emergency situations by medical per-
sonnel [17]. Besides national emergency cards, a common Euro-
pean emergency card was introduced recently [18, 19]. Patient’s 
teaching has been emphasized recently as cornerstone of adrenal 
insufficiency therapy [17, 20, 21]. It is especially important to teach 
the patient how to adapt his glucocorticoid dose during episodes 
of intercurrent illness, stress [3, 20–22], and especially in life thre-
atening situations such as gastrointestinal infections and infections 
with fever, which are the most common situations leading to adre-
nal crisis [16, 23].

Recently, national initiatives have been undertaken to standar-
dize the diagnostic and therapeutic procedures in AI [3, 24]. The 
aim of our audit was to gain information on daily practice in diag-
nosis, treatment and teaching in SAI in Germany. We hypothesized 
that diagnosis, treatment and patient’s teaching is handled very 
differently among German endocrine centers. Based on the  
findings, it is intended to develop recommendations and to stan-
dardize diagnostic procedures, treatment and teaching in SAI in 
Germany.

Materials and Methods
The audit was a joint project of the pituitary working group and the 
adrenal section of the German Endocrine Society. The question-
naire was initially constructed by the authors (S.P, J.H., M.Q), and 
presented for discussion both at meeting of the Pituitary Working 
group and the Adrenal section of the German Endocrine Society. 
Conceptually, a selection of predefined answers was offered for 
each queried item. Boxes for additional answers were provided 
whenever appropriate. Space was provided for comments and ex-
planations. The questionnaire was constructed for digital proces-
sing. The questionnaire was sent via e-mail to all members of the 

German Endocrine Society (DGE) 4 times between April and Octo-
ber 2015. The original German questionnaire is provided as Sup-
plementary file.

In Germany, approximately 90 endocrine private practices and 
30 endocrine units at university and city hospitals exist. Forty-six 
of these 120 centers (38.3 %) returned the

questionnaire and participated in the audit. In addition, 2 pedi-
atric endocrine units, 2 neurosurgical units, and one center in Swit-
zerland sent the questionnaire. From each center, only one repre-
sentatively answered questionnaire was accepted. The centers were 
contacted in the case of multiple answered questionnaires. In total, 
questionnaires from 50 centers were eligible for the study. Eleven 
centers are treating less than 20 patients, 16 centers 20–50 pati-
ents, 12 centers 50–150 patients, and 6 centers more than 150 pa-
tients with SAI (no information provided from 5 centers).

Results
A total of 50 questionnaires were analyzed. We present each ques-
tioned item first in italics, and then an analysis and summary of the 
responses below.

Diagnosis
[Q1.1] In which pathologies and under which clinical circumstan-
ces do you test for SAI?

Patients with macroadenomas and patients after pituitary sur-
gery are almost always tested for SAI (▶Fig. 1). In contrast, the ma-
jority of centers evaluate patients with microadenomas or patients 
with TBI (traumatic brain injury)/stroke only in the presence of sym-
ptoms. Interestingly, 2 third of the centers screen patients with 
hyponatremia for SAI independent of the presence of symptoms.

[Q1.2a] Which is your initial test for SAI?
As first line test (screening test) 38 centers use basal serum cor-

tisol, 23 centers basal ACTH, 3 centers the low-dose short synac-
then test (SST), 24 centers the 250 μg SST, 11 centers the CRH test, 
9 centers the insulin tolerance test (ITT), and 2 centers the mety-
rapone test.

▶Fig. 1 Situations in which to test for secondary adrenal insufficiency 
according to the 50 responding endocrine centers. TBI: Traumatic 
brain injury.
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[Q1.2b] Which is your confirmatory test to confirm or exclude 
SAI?

As secondary test (confirmatory test) 18 centers use the 250 μg 
SST, 23 centers the CRH test, 21 centers the ITT, and 3 centers the 
metopyrone test.

[Q1.3] Which cut-off values do you use for the commonly used 
functional tests of HPA axis?

With respect to the SST, nearly half of the centers use a cut-off 
of 20 μg/dl (550 nmol/l) to define AI, with a considerable range of 
16–25 μg/dl (441–690 nmol/l) in the remaining centers (▶Fig. 2). 
Cut-offs for the CRH test vary even stronger, with quite homoge-
nous distribution between 16 and 25 μg/l (441 and 690 nmol/l), or 
alternatively considering relative stimulation of 2x–3x. In contrast, 
a narrow range of cut-offs (18–20 μg/dl; 500–550 nmol/l) is used 
for the ITT by the vast majority of centers.

[Q1.4] Which assay do you use to measure serum cortisol and 
plasma ACTH levels?

The most commonly used assays are: Diasorin Liason (cortisol 
n = 4; ACTH n = 6), Roche Cobas (cortisol n = 9; ACTH n = 9), Siemens 
Advia (cortisol n = 2; ACTH n = 0), Siemens Immulite (cortisol n = 10; 
ACTH n = 11), CLIA (cortisol n = 3; ACTH n = 3), RIA (cortisol n = 2; 
ACTH n = 0), other assays (cortisol n = 4; ACTH n = 3).

[Q1.5] When do you pause hydrocortisone replacement before 
re-evaluation of HPA axis?

The duration of the hydrocortisone pause varies strongly among 
the centers: 8 h (n = 2), 12 h (n = 7), 16 h (n = 6), 24 h (n = 23), 48 h 
(n = 2), 72 h (n = 4),  > 120 h (n = 1).

[Q1.6] How often do you re-evaluate patients who are post-ope-
ratively evaluated a) as adrenal-sufficient, b) with SAI?

For patients who are adrenal-sufficient after surgery (a), the ma-
jority of centers will limit re-evaluation to a yearly schedule [in de-
tail: 3-monthly (n = 10), 6-monthly (n = 10), yearly (n = 25), other 
(n = 5)]. In contrast, patients initially tested with SAI (b) will be re-
evaluated mostly either every 3 or 6 months [3-monthly (n = 16), 
6-monthly (n = 17)), yearly (n = 5), or depending on symptoms 
(n = 8), (other (n = 4)].

[Q1.7] How do you re-evaluate patients who are post-opera-
tively evaluated a) as adrenal-sufficient, b) with SAI?

Both for adrenal-sufficient patients and for patients with SAI, 
the vast majority of centers (a: 36 centers, b: 34 centers) will rely 
on clinical signs of hypocortisolism and measure basal hormone le-
vels. Salivary cortisol (a: 2, b: 0), low-dose SST (a: 3, b: 1), SST (a: 
6, b: 5), and CRH test (a: 4, b: 2) are used with a low frequency.

[Q1.8] In which situation do you repeat pituitary function tests?
The majority of centers (n = 26) re-assess with function tests if 

new symptoms occur, 10 centers after radiotherapy/radiosurgery, 
8 centers in the case of tumor re-growth, 7 centers if tests did not 
show clear results at initial testing, 6 centers after repeated neuro-
surgical operation, 3 centers on patients requesting to stop hor-
mone substitution, 2 centers in the case of macroadenomas (on a 
yearly basis), and one center if changes in the basal hormone levels 
occur.

Hormone replacement therapy
[Q2.1] What is the average daily dose (range) of hydrocortisone, 
which you prescribe to patients with SAI?

The doses varied widely among the centers (▶Fig. 3). Some cen-
ters mentioned fixed doses [15 mg (n = 5), 20 mg (n = 8), 25 mg 
(n = 5), 30 mg (n = 5)], whereas others varied their doses ranges by 
5–15 mg (variation of dose ranges: 10–15 mg up to 15–30 mg).

[Q2.2] In how many doses do you divide the daily glucocortico-
id dose?

Hydrocortisone is prescribed in 2 daily doses by 33 centers, and 
in 3 doses daily in 17 centers. Prednisolone is given once daily by 3 
centers, and twice daily by 2 centers. Modified-release hydrocorti-
sone is given once daily by 23 centers, and twice daily by 2 centers. 
Dexamethasone is given once daily by one center.

[Q2.3] Which are the time points of hydrocortisone tablet in-
take in your patients?

Morning doses are given between 6 AM and 8 AM, midday doses 
between 11 AM and 2 PM, and afternoon doses between 3 PM and 
6 PM (▶Fig. 4).

[Q2.4] Do you measure hormones to evaluate the required glu-
cocorticoid dose in your patients with SAI?

▶Fig. 2 Cut-off values for commonly used pituitary function tests 
to assess secondary adrenal insufficiency according to the 50  
responding endocrine centers. ITT: Insulin tolerance test.

▶Fig. 3 Dose of daily hydrocortisone dose (advised by the physician) 
according to the 50 responding endocrine centers. Black column: 
fixed dose; Black and gray column: minimum dose (black) and range 
from x to y mg.
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Thirty-three centers stated that they do not measure any hor-
mones to adjust the appropriate glucocorticoid replacement dose, 
whereas 17 centers responded that they do.

[Q2.5] If you do measure hormones to evaluate the glucocorti-
coid replacement dose in your patients with SAI, which hormones 
do you measure?

The hormonal parameters used were morning serum cortisol 
(n = 9), 24-h urinary cortisol excretion (n = 4), plasma ACTH (n = 3), 
serum cortisol profile (n = 2), salivary cortisol profile (n = 2), single 
salivary cortisol (n = 1).

[Q2.6] If you do measure hormones to evaluate the glucocorti-
coid replacement therapy dose in your patients with SAI, do you 
measure before or after glucocorticoid intake?

Sixteen centers responded that they evaluate hormones before 
glucocorticoids are taken in the morning, whereas 15 centers take 
blood after tablet intake.

[Q2.7] If you do measure hormones after glucocorticoid intake, 
after which time interval following tablet intake do you draw blood?

2 centers stated that they perform blood sampling after 4 h, and 
one center each at 30 min, 2 h, 3 h and 12–24 h.

[Q2.8] In which dosage steps do you lower the hydrocortisone 
daily dose if dose reduction is required?

Seven centers prefer dose reduction in steps of 2.5–5 mg hyd-
rocortisone, 24 centers in steps of 5 mg, 13 centers in steps of 
5–10 mg, and 4 centers in steps of 10 mg.

[Q2.9] In which dosage steps do you increase the hydrocortiso-
ne daily dose?

Four centers use dosage steps of 2.5–5 mg of hydrocortisone, 
26 centers increase hydrocortisone by 5 mg steps, 17 centers by 
5–10 mg steps, and 2 centers by 10 mg steps.

[Q2.10] What is the usual time interval between clinical control 
visits in your patients with SAI?

The range of clinical follow-up intervals is broad. Scheduled in-
tervals are 3–6 months in 14 centers, 6 months in 14 centers, 6–12 
months in 12 centers and 12 months in 6 centers.

[Q2.11] What is the usual time interval between laboratory con-
trol visits in your patients with SAI?

The range of intervals between laboratory controls is similar to 
the intervals between clinical follow-up visits. Laboratory controls 
are scheduled every 3–6 months in 12 centers, every 6 months in 

12 centers, every 6–12 months in 13 centers, and every 12 months 
in 4 centers.

[Q2.12] Which clinical or biochemical signs do you use as indi-
cator of an insufficiently low daily glucocorticoid replacement dose?

Signs indicating a too low glucocorticoid replacement dose were 
weakness, loss of energy, exhaustion (74 % of the responding en-
docrine centers), tiredness (50 %), weight loss (24 %), nausea (20 %), 
listlessness (14 %), frequent adrenal crisis (8 %), muscle pain/aching 
(6 %), sleep (4 %), abdominal pain (4 %), dizziness, loss of appetite, 
joint pain, paleness, exsiccosis, depressive mood (each 2 %).

[Q2.13] Which clinical or biochemical signs do you use as indi-
cator of a too high daily glucocorticoid replacement dose?

Regarding clinical signs, weight gain (n = 41) was the mostly 
mentioned sign followed by cushingoid features (n = 27), sleep dis-
turbances (n = 6), thin skin and easy bruising (n = 3), muscle weak-
ness (n = 3), depression and psychological problems (n = 3) and 
edema (n = 2). Measurable variables were hypertension (n = 29), 
blood glucose increase (n = 21), increase of sodium levels (n = 7), 
worsening of bone mineral density (n = 6), hypokalemia (n = 4), 
worsening of lipid profile (n = 4), impaired growth in children (n = 2).

[Q2.13] Do you use peri-operative glucocorticoid substitution 
during transsphenoidal surgery?

Thirty centers answered yes, whereas 14 centers only use a pe-
ri-operative substitution scheme in patients with pre-operative ad-
renal insufficiency.

[Q2.14] Do you use peri-operative glucocorticoid substitution 
during transsphenoidal surgery for Cushing’s disease?

Twenty-four centers use peri-operative glucocorticoid substi-
tution, whereas 21 do not.

[Q2.15] If you do not use a peri-operative glucocorticoid subs-
titution during transsphenoidal surgery for Cushing’s disease, when 
do you start with glucocorticoids after transsphenoidal surgery?

Twelve centers start to give glucocorticoids directly after ope-
ration. Others start at post-op day 1 (n = 4), post-op day 2 (n = 1), 
post-op day 3 (n = 1), if cortisol is below  < 2 μg/dl (n = 1), or depen-
ding on the neurosurgeon’s preference (n = 3).

[Q2.16] What is your average hydrocortisone dose at the time 
of postoperative discharge after surgery for Cushing’s disease?

The daily hydrocortisone doses vary considerably: 200 mg 
(n = 3), 150 mg (n = 1), 100 mg (n = 2), 60 mg (n = 1), 50 mg (n = 8), 
30–50 mg (n = 2), 40 mg (n = 3), 30 mg (n = 9), 25 mg (n = 3), 20 mg 
(n = 1), and 15 mg (n = 2).

[Q2.17] What do you prescribe to your SAI patient as emergen-
cy kit?

For an emergency kit, 61 % of the centers prescribe additional 
hydrocortisone tablets, 59 % prescribed prednisone/prednisolone 
suppositorium, 65 % a 100 mg hydrocortisone ampoule, 2 % a 50 mg 
prednisolone ampoule, 4 % hydrocortisone suppositorium, and 5 % 
betamethasone liquid.

[Q2.18] Which emergency card do you hand out to your patients?
Sventy-three percent of the centers hand out the emergency 

card of the German patient's selfhelp network (Netzwerk für Hypo-
physen- und Nebennierenerkrankungen eV), whereas 16 % use 
emergency cards distributed from 4 different pharmaceutical com-
panies. Six percent use self-made emergency cards, 2 % the Swiss 
emergency card and 2 % do not hand out any card.

▶Fig. 4 Time of hydrocortisone intake (advised by the physician) 
according to the 50 responding endocrine centers.
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[Q2.19] Do you hand out also the European emergency card 
(German version) to your patients?

Fifty-one percent of the centers distribute the German version 
of the European emergency card [19] to their patients, whereas 
49 % did not.

Patient’s teaching
[Q3.1] Do you offer and perform teaching in your patients with ad-
renal insufficiency?

Eighty-four percent of the centers answered that they perform 
teaching, whereas 12 % of the centers do not teach their patients. 
Four percent did not answer the question.

[Q3.2] If you perform teaching of your patients regarding adre-
nal insufficiency, who is the teaching person?

In 47.8 % of the centers it is done by the doctor, in 28.8 % of the 
centers by the doctor’s assistant, in 14.5 % by a trained endocrine 
nurse, in 7.4 % of the centers by a nurse or study nurse, and in 2.5 % 
of centers by a diabetes nurse.

[Q3.3] Do you incorporate relatives into the teaching process of 
your SAI patient?

Relatives are involved in the teaching on adrenal insufficiency in 
52 % of the centers, but are not in 34 % of the centers. Fourteen per-
cent of the centers are not able to teach the relatives, but wish to 
be capable.

[Q3.3] Does the teaching of your patients also include the sym-
ptoms and signs of hypocortisolism?

Ninety percent of the centers marked “yes”, 10 % answered 
“no”.

[Q3.4] Does the teaching of your patients incorporate the ad-
aptation of the glucocorticoid dose in different situations?

Ninety-four percent of the centers marked “yes”, 6 % answered 
“no”.

[Q3.4] Does the teaching of your patients incorporate the use 
of the emergency set?

Sixty-eight percent of the centers marked “yes”, 32 % answered 
“no”. However 11 % of the centers who marked “yes”, did not 
prescribe an emergency kit to their patients.

[Q3.5] In the event of reduced gastrointestinal resorption (diar-
rhoa, vomiting), which advise do you give to your patients?

Thirteen centers advise to use hydrocortisone parenteral, 7 cen-
ters to use prednisolone suppositorium, 7 centers recommend im-
mediate presentation to a physician, and 2 centers advise to dou-
ble or triple the glucocorticoid dose.

[Q3.6] After an intercurrent illness period, which recommenda-
tion is given to your patients regarding dose reduction?

Eight centers advise to reduce speedily, 5 centers recommend 
to reduce the dose over the next 3–4 days, 4 centers state to do it 
depending on the situation, another 4 centers emphasize to redu-
ce it directly to normal dose in the case of only light stress, 3 cen-
ters advise to reduce the dose over 2–3 days, 2 centers recommend 
that it should be done over one week, and one center reduces by 
50 % after 3 days and to the normal dose after one week.

[Q3.7] Which advise do you give to your patients in the case of 
diarrhoea, light fever (flu) or fever of 38.5 °Celsius: a) no increase, 
b)  + 5 mg HC, c)  + 10 mg HC, d) at least double the dose, e) at least 
triple the dose, f) possible HC i.m., i. v., s.c.?

The majority of centers advise their patients to at least double 
the dose in case of diarrhea and fever of 38.5 °Celsius (▶Fig. 5a).

[Q3.8] Which advise do you give your patients in the case of nau-
sea, coughing (no fever), or running nose (no fever): a) no increa-
se, b)  + 5 mg HC, c)  + 10 mg HC, d) at least double the dose, e) de-
pending on the situation, f) possible HC i.m., i. v., s.c.?

The answers of the centers varied widely in the advice how to 
behave in these situations (▶Fig. 5b).

[Q3.9] Which advise do you give your patients in the case of den-
tal treatment, 60 min sports activity, or psychological stress: a) no 
increase, b)  + 5 mg HC, c)  + 10 mg HC, d) at least double the dose, 
e) depending on the situation?

The answers of the centers varied widely in the advice how to 
behave in these situations (▶Fig. 5c).

▶Fig. 5 Patient’s teaching in the event of a diarrhea, fever 38.5 °C, 
or light fever; b nausea, coughing (no fever), or running nose (no 
fever); c dental treatment, 60 min sport activity, or psychological 
stress in secondary adrenal insufficiency according to the 50  
responding endocrine centers. HC = Hydrocortisone.
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Discussion
Our survey reveals a very heterogeneous approach of the different 
centers to nearly all aspects of care of patients with SAI in Germany. 
This is clearly visible with respect to the diagnosis of SAI, where  
a large variety of tests are applied during initial evaluation and  
follow-up with different cut-offs and at variable time points. Such 
heterogeneity may result in the same patients being considered 
adrenal sufficient in one center and adrenal insufficient in another 
center. Potential explanations are the huge variety of tests and  
assays available [1, 25–28], as well as the small number of well-
founded recommendations by endocrine societies or health care 
authorities for SAI [24, 29]. Any study evaluating tests, assays and 
specific cut-off is also hindered by the lack of a well-established 
gold standard to define SAI. Although the ITT is considered as a  
reference by some authors [30], the test is unpleasant for patients, 
is resource-consuming, is not without risk, and most importantly, 
lacks patients’ outcome correlation [5]. Furthermore, some studies 
have questioned its reproducibility [31, 32]. The potential problems 
with the ITT are mirrored by the results of our survey, with less than 
half of the centers using the ITT. Instead, when combining scree-
ning and confirmatory investigation, the SST is the stimulatory test 
used most frequently. Indeed, this is the only test, for which long-
term outcome correlation has been published, supporting its use 
in clinical practice [33]. On the contrary, a meta-analysis found low 
sensitivity of the SST to diagnose SAI and suggests to use instead 
tests involving stimulation of the hypothalamus [25] supported by 
a recent study comparing ITT and SST [34].

Interestingly, most centers perform initial screening for SAI by 
measuring morning serum cortisol, with few centers applying sa-
livary cortisol. Considering the advantages of salivary cortisol, such 
as its simple and cost-effective collection, as well as its indepen-
dency of binding proteins like albumin or cortisol binding globulin 
(CBG), which are often adversely affected by diseases or drugs, this 
most probably relates to difficulties in measurement. However, re-
cent studies have supplied cut-offs by comparison to the ITT [4], 
and studied measurement by automated assay [35], hopefully im-
proving the availability for screening purposes.

In general, dynamic testing for ACTH reserve is performed after 
an interval of 2–3 months after pituitary surgery to allow recovery 
of altered pituitary function, determining the need for life-long re-
placement therapy. Quite interestingly, in our survey many centers 
will perform post-operative re-evaluation, especially in those pati-
ents initially tested with SAI. For postoperative re-evaluation, only 
basal hormones were measured in the majority of centers. This 
most frequently relates to patients with new symptoms, but also 
to patients with progressive tumor, after second surgery, and after 
radiation. In agreement, many studies have demonstrated new pi-
tuitary insufficiency even many years after radiation [36, 37] or 
after second surgery [38]. However, recent data also suggests that 
there is potential for subsequent improvement of pituitary func-
tion due to surgical decompression of the normal pituitary gland 
and stalk, justifying re-evaluation of patients with initial SAI [39–
41]. This would prevent unnecessary life- long substitution in a 
number of patients, which in itself may be harmful.

Replacement therapy
Hydrocortisone (HC) is the preferred replacement therapy for AI 
[7]. Our survey showed that the administered daily HC dose varies 
considerably between the centers. Inconsistent replacement doses 
have also been shown in a UK survey, although the majority use 
20 mg/day or more [2]. Daily cortisol production rates are lower 
than previously believed. They vary between 5 and 10 mg/m²/day 
[13, 42], which corresponds to 15–20 mg oral HC. An increase in 
morbidity, mortality and impairment of quality of life has been 
shown with HC doses above 30 mg/day [15, 43]. Despite these 
facts, 30 mg HC or even more are still widely used [15]. We would 
suggest re-evaluation of the replacement dose in those German 
centers that use 25 mg daily or more.

The high variability of treatment regimens and suggested time 
points of HC intake [6] are confirmed by our survey. Simon et al. [6] 
calculated a model for best treatment. They found that HC 10-5-
5 mg taken at 7.30, 12.00, and 16.30 h, respectively, is the best cal-
culated regimen to achieve cortisol levels in the physiological tar-
get range. Mah et al. [7] showed that weight-adjusted HC with a 
morning dose of 0.12 mg/kg decreased interpatient variability of 
cortisol profiles.

Prednisolone and dexamethasone are less suitable to replicate 
the circadian rhythm of cortisol secretion due to their long half-life 
and could result in unfavorable night-time GC levels [1] and proba-
bly in an adverse lipid profile [44].

A modified-release formulation of HC has been developed to 
obtain a more physiological circadian cortisol profile [8]. A decre-
ase of BMI and HbA1c with modified-release HC compared with 
conventional HC has been shown [45]. Despite a more recent mar-
keting approval of this HC formulation, half of our centers already 
have experience with this preparation.

There is general agreement that clinical assessment is pivotal 
for monitoring of the appropriate replacement dose [1]. The use-
fulness of hormone measurements for adjustment of HC replace-
ment therapy is still a matter of debate [13, 15]. Objective bioche-
mical parameters would be most helpful to avoid over-treatment 
or under-treatment. Cortisol day profile, time-point serum cortisol 
measurement, urinary cortisol secretion and salivary cortisol have 
been proposed to monitor replacement therapy in AI [14]. Each of 
these methods has well-known limitations for monitoring of repla-
cement therapy [13, 15]. Regarding time-point measurement, Jung 
et al. [15] found that plasma, salivary and urine cortisol at 2 h after 
oral HC seems to provide good information of peak cortisol con-
centration. Mah et al. [7] have shown that a plasma cortisol level at 
4 h after a single morning HC dose correlates well with the cortisol 
AUC. For a thrice daily regimen, Rousseau et al. [14] found that a 
cortisol measurement 2 h after morning HC intake best correlates 
with the cortisol AUC.

No guidelines or generally accepted recommendations exist 
concerning follow-up intervals for patients with SAI. In our audit, 
the reported intervals for clinical follow-up were not different from 
the intervals for biochemical re-assessment. The range was from 3 
to 12 months. In the long-term follow-up with stable insufficiency, 
tight control intervals of 6 months or less are too prudent and 
might be caused by a lack of recommendations and guidelines. In 
the UK, patients not ACTH-deficient by pituitary surgery who re-
ceived postoperative radiotherapy (RT) are usually tested annually 
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[2]. In patients without RT, 29 % of the endocrinologists did no rou-
tine biochemical testing unless the patient was symptomatic or had 
tumor recurrence on imaging.

Perioperative replacement
Surprisingly, the majority of centers use perioperative replacement 
therapy in every patient undergoing pituitary surgery. Postopera-
tive assessment of hypothalamo-pituitary-adrenal (HPA) axis is dif-
ficult while on replacement therapy and patients with normal pi-
tuitary function may unnecessarily stay on GC treatment after post-
operative discharge [12, 46]. Transsphenoidal surgery without 
perioperative GC replacement was found to be safe in patients wi-
thout evidence of adrenal insufficiency and with normal SST prior 
to surgery [12]. We support this concept to abstain from GC repla-
cement in adrenal sufficient patients. However, the neurosurgeon 
must be experienced and confirm selective adenomectomy [10]. 
The need of postoperative replacement therapy can be guided by 
early postoperative morning cortisol levels [10].

Great variations exist regarding postoperative tapering of GC 
replacement following successful pituitary surgery in Cushing's di-
sease (CD) [47]. This finding was confirmed by our audit. The dose 
at the time of discharge after pituitary surgery for CD was highly 
variable with a range from 15 to 200 mg daily. Again, the hetero-
geneity is most likely caused by a lack of concise recommendations. 
There is no good evidence from the literature that supraphysiolo-
gical GC replacement prevents or ameliorates GC withdrawal syn-
drome following transsphenoidal surgery for CD [48]. However, 
some patients have symptoms of hypoadrenalism after successful 
surgery for CD if HC is tapered too rapidly. Therefore, we suggest 
to discharge on 40–60 mg daily.

Emergency set
Only 60 % of the endocrine centers in Germany prescribe their pa-
tients additional hydrocortisone tablets or suppositorium or a hy-
drocortisone ampoule for their emergency kit. This results that ne-
arly 40 % of patients have no medications in the case of emergency 
and rely completely on the emergency personnel, which often gives 
extra glucocorticoids too late or are even refusing it [49]. This situ-
ation needs to be improved. Besides the emergency kit it seems to 
be necessary to avoid too many different national emergency cards 
which might result in a lower recognition rate among emergency 
personnel. In addition, the new European emergency card [18, 19] 
should be promoted and distributed more thoroughly.

Teaching
Teaching of patients is performed in over 80 % of the centers. Con-
sidering the tight time schedules of doctors in hospitals and endo-
crine practices, the time used for patient teaching by doctors is 
probably minimal and mainly takes place during the short consul-
ting time (average appointment time 5–15 min). We suggest that 
more endocrine trained medical personal is needed and extra time 
slots (e. g., 2–3 h) should be implemented for small group teaching 
for adrenal insufficiency. Small patient’s group teaching has been 
reported to be a useful tool [21] for prevention and treatment of 
adrenal emergency. It is advisable to include also relatives into the 
teaching process to guarantee patient’s emergency treatment in 
cases of unconsciousness, severe sleepiness or weakness.

The content of the teaching seems to vary considerably across 
Germany. In one Dutch center teaching consisted of a lecture about 
the disease, its treatment and instructions on ‘sick rules’, that is, 
the recommended stress-related glucocorticoid dose adjustment 
[21]. Among the German centers there was a broad agreement on 
advices given to patients regarding behavior in conditions, such as 
diarrhoea, fever 38.5 °C and light fever (flu). However recommen-
dations and teaching varied considerably regarding situations in-
volving psychological stress, 60 min sport activity, common cold 
(no fever), coughing (no fever), or dental treatment. Recently the 
first study was published addressing the question if pre-exercise 
HC dose increases short-term physical performance in female pa-
tients with PAI [50]. The patients did not benefit from an extra dose 
of HC in short strenuous exercise in this setting. In general, we think 
that more studies should be performed to investigate possible do-
se-adaptation in these situations. In addition, we believe that it is 
necessary to implement a structured education and treatment pro-
gram for patients with AI.

A limitation of our survey is that we did not gather data regar-
ding further analysis on academic vs. peripheral practices and 
younger vs. older physicians and internists vs. endocrinologists. In 
addition our self-designed questionnaires may lack specificity by 
not describing an exact context (a case vignette), but rather relate 
to general practice.

In conclusion, this first national German audit reveals great he-
terogeneity among German centers in diagnosis, treatment and 
teaching of patients with SAI. We believe that this survey could be 
used to improve patient’s care and therapy in SAI.

First of all, this audit gives the centers an important feedback 
and insight how colleagues in other centers diagnose and treat pa-
tients with SAI. Regarding diagnostic procedures this audit, for ex-
ample, might initiate new trials to clarify and validate different tests 
and cut-offs used for different assays. But it also might initiate in-
vestigations, for example, regarding the necessary hydrocortisone 
dose adjustment in cases of psychological stress, sport activities, 
common cold (no fever), coughing (no fever), or dental treatments. 
Overall we hope that this first national German audit might be  
a start for the development of clinical practice guidelines for SAI 
patients.
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