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cortisol was 290 nM (196–579) and 786 nM (612–1,050) after 
ACTH stimulation. At cessation of therapy the corresponding 
values were 309 n M  (88–718) and 852 n M  (524–1,011), re-
spectively. Thus, all patients passed a 30-min stimulated 
plasma cortisol of 500 n M . Before treatment plasma ACTH 
was 4.2 pmol/l (4–16) and at cessation of therapy the corre-
sponding value was 4.8 pmol/l (2–9; p = 0.27).  Conclusion:  
Transient suppression of the HPA axis with secondary adre-
nocortical insufficiency does not seem to be a common phe-
nomenon after intravenous methylprednisolone pulse ther-
apy for GO. Therefore, routine precautions are not necessary. 
However, our results do not exclude that transient second-
ary adrenocortical insufficiency might occur occasionally. 
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 Introduction 

 Graves’ disease is an autoimmune disease of the thy-
roid gland leading to hyperthyroidism. An extrathyroidal 
manifestation of Graves’ disease is Graves’ ophthalmopa-
thy (GO): an autoimmune, inflammatory disease in the 
orbital region leading to peri- and intraorbital edema, eye 
muscle palsies and optic nerve neuropathy. Thereby, GO 
can result in prominent cosmetic inconveniences, visual 
disturbances such as double vision, visual impairment 
and eventually blindness. Glucocorticoid, administered 
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 Abstract 

  Objective:  Graves’ ophthalmopathy (GO) is an inflammatory 
disease in the orbital region. The first-line medical treatment 
is glucocorticoids. An important potential side effect of glu-
cocorticoid treatment is suppression of the hypothalamic-
pituitary-adrenal (HPA) axis with impairment of endogenous 
cortisol production, implicating symptoms of adrenocortical 
insufficiency, especially in the period after cessation of ther-
apy with possible risks in cases of intercurrent illness. The 
aim of this study was to evaluate HPA axis function before 
and after methylprednisolone pulse treatment of GO.  Study 

Design:  HPA axis function was evaluated by measurements 
of plasma ACTH and an ACTH stimulation test with plasma 
cortisol measurements at 0 and 30 min after an intravenous 
bolus of synthetic ACTH (Synacthen ®  250 μg). This was done 
in 12 patients with GO before and at cessation of methyl-
prednisolone pulse treatment (500 mg i.v. per week for 6 
weeks followed by 250 mg i.v. per week for an additional 6 
weeks).  Results:  All patients included fulfilled the criteria of 
intact HPA axis function before and at cessation of methyl-
prednisolone pulse treatment. Data are given as medians 
(with ranges). Before glucocorticoid treatment basal plasma 
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as intravenous pulse therapy, is the first-line treatment of 
patients with moderate-to-severe GO  [1]  and the supe-
rior dose schedule seems to be a once weekly infusion of 
methylprednisolone  [1–3] .

  An important potential side effect of glucocorticoid 
treatment is the suppression of the hypothalamic-pitu-
itary-adrenal (HPA) axis with impairment of endogenous 
cortisol production, implicating symptoms of adrenocor-
tical insufficiency, especially in the period after cessation 
of therapy with possible risks in cases of intercurrent ill-
ness  [4] . Suppression of the HPA axis has been reported 
as a side effect of many different glucocorticoid treatment 
schedules for various inflammatory diseases  [5, 6] .

  We hypothesized that transient secondary adrenocor-
tical insufficiency was a common side effect of methyl-
prednisolone pulse therapy. The purpose of this paper 
was to evaluate HPA axis function before and after meth-
ylprednisolone pulse treatment of GO, employing an 
ACTH (Synacthen ® ) stimulation test and plasma ACTH 
measurements.

  Materials and Methods 

 Twelve consecutive patients treated for GO at the Department 
of Internal Medicine and Endocrinology at Copenhagen Univer-
sity Hospital at Herlev were studied from August 2013 to Decem-
ber 2014. There were 3 men and 9 women. The median age was 57 
years (34–71). All patients were euthyroid at the time of treatment. 
In the time period of the study we included, as a safety routine, 
measurements of ACTH and an ACTH stimulation test before and 
at cessation of treatment (see below). The results were collected in 
January 2015. The patients were diagnosed with hyperthyroidism 
and GO with a clinical activity score  ≥ 4  [7] . None of the patients 
had previously been treated with glucocorticoids. None of the 
women received estrogen therapy.

  Data are given as medians (with ranges). Nonparametric statis-
tics were used for the statistical analysis and the analyses were per-
formed using IBM SPSS statistics 21.

  The glucocorticoid treatment for GO comprised a once weekly 
infusion of methylprednisolone: 500 mg over 6 h for the first 
6 weeks and 250 mg over 3 h for the next 6 weeks  [1, 2] . HPA axis 
function was evaluated by measurements (08.00–09.00 h) of plas-
ma ACTH and an ACTH stimulation test with plasma cortisol 
measurements at 0 and 30 min after an intravenous bolus of syn-
thetic ACTH (Synacthen ®  250 μg). These measurements were per-
formed immediately before administration of the first and the final 
(12th) pulse infusion. ACTH was measured by an immunoradio-
metric assay (BRAHMS Diagnostica GmbH, Berlin, Germany) 
with qualities as described previously  [8] . Cortisol was measured 
by autoanalytical methods. All patients were measured with the 
same assay, either Liason (10 patients; August 2013 to August 
2014) or   Cobas (2 patients; August to December 2014). At a corti-
sol concentration in the range of 500–600 n M , the Liason method 
gives results about 5% lower and the Cobas method about 15% 

higher compared to analysis by mass spectrometry (unpubl. data). 
This would apply to cortisol cutoff values for adrenocortical insuf-
ficiency of 475 n M  for the Liason assay and 575 n M  for the Cobas 
assay.

  Results 

 Results of the plasma cortisol measurements are shown 
in  figure 1 . Before glucocorticoid treatment basal plasma 
cortisol was 290 nM (196–579) and 786 nM (612–1,050) 
after ACTH stimulation. At cessation of therapy the cor-
responding values were 309 n M  (88–718) and 852 n M  
(524–1,011). The increment was 463 n M  (179–738) before 
treatment and 523 n M  (177–743) after treatment. None of 
the differences before versus after the glucocorticoid 
treatment were significant (p = 0.70–0.99). All patients 
passed a 30-min ACTH-stimulated plasma cortisol of 500 
n M . Plasma ACTH was 4.2 pmol/l (4–16)   before treat-
ment and 4.8 pmol/l (2–9; p = 0.27) at cessation of thera-
py, as shown in  figure 2 . 

 Discussion 

 Suppression of HPA axis function with adrenocorti-
cal insufficiency is a common side effect of glucocorti-
coid treatment but it is somewhat unpredictable  [9–11] . 
There are no obvious correlations between the total dose 
of oral glucocorticoid or the duration of treatment and 
adrenocortical insufficiency  [12] . This may to some ex-
tent be due to polymorphisms of the glucocorticoid re-
ceptor  [13] . Furthermore, daily versus intermittent ad-
ministration could be of importance. Dinsen et al.  [4]  
reviewed this topic and concluded that oral glucocorti-
coids could induce adrenocortical insufficiency in up to 
46–100% of patients. Even inhaled glucocorticoid treat-
ment can lead to adrenocortical insufficiency  [14–16] . 
Only few results of adrenocortical function in relation 
to intermittent glucocorticoid pulse therapy have been 
reported  [17–19] .

  In the present study of 12 patients receiving a 12-week 
intravenous pulse treatment with methylprednisolone no 
cases of adrenocortical insufficiency were observed. Cor-
tisol levels were unchanged and all patients passed a lim-
it of 500 n M  after ACTH stimulation. At cessation of glu-
cocorticoid treatment, the lowest ACTH-stimulated cor-
tisol concentration was 524 n M  (measured by the Liason 
method) and in the remaining 11 patients it was between 
656 and 1,011 n M . Thus, all patients passed the presumed 
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cutoff levels given in Materials and Methods. Further-
more, neither a significant suppression of ACTH nor a 
compensatory ACTH increase to recover from transient 
adrenocortical insufficiency was observed  [20] . Thus, the 
HPA axis function seems to be essentially unchanged in 
relation to the now widely used methylprednisolone pulse 
treatment schedule for GO. Albeit this study was limited 
by the number of patients, the conclusion is supported by 

a recent report published during the preparation of the 
present paper  [17] . An ACTH stimulation test was per-
formed at the termination of treatment for GO with the 
same methylprednisolone schedule and all of the 32 pa-
tients had a sufficient cortisol response; however, ACTH 
was not measured.

  A low-dose ACTH stimulation test might be more sen-
sitive in detecting mild secondary adrenocortical insuf-
ficiency. However, two different meta-analyses do not 
agree on this point  [21, 22]  and the specificity of the stan-
dard dose test seems to be higher  [23] .

  Taken together, the results so far indicate that the em-
ployed treatment schedule for GO is safe as regards sec-
ondary adrenocortical insufficiency. This may be some-
what surprising since the total dose of methylpredniso-
lone from start to conclusion was 4,500 mg, corres-
ponding to a mean daily dose of about 60 mg, which 
probably illustrates that intermittent weekly glucocorti-
coid administration implicates far less perturbation of the 
HPA axis compared to daily doses. On the other hand, 
concerning the clinical anti-inflammatory effect on GO, 
the pulse therapy schedule has been demonstrated as su-
perior to a daily oral dose schedule  [2] . Thus, effect and 
side effect are not necessarily linked together. It is tempt-
ing to speculate whether such a favorable therapeutic pro-
file would justify a more widespread use of glucocorticoid 
pulse therapy in various other diseases.
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  Fig. 2.  Plasma ACTH levels prior to and at cessation of glucocor-
ticoid treatment of GO. ° = SPSS-calculated upper normal limit;
* = outlier. 

  Fig. 1.  Plasma cortisol at 0 and 30 min after ACTH stimulation prior to ( a ) and at cessation ( b ) of glucocorticoid 
treatment (color in online version only). 
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  Conclusion 

 Transient suppression of the HPA axis with second-
ary adrenocortical insufficiency does not seem to be a 
common phenomenon after intravenous methylpred-
nisolone pulse therapy for GO. Therefore, routine pre-
cautions are not necessary. However, our results do not 

exclude that transient secondary adrenocortical insuf-
ficiency might occasionally occur in a very small num-
ber of patients.
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