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Abstract

Context Safety of intravenous (IV) steroid pulses in
patients with Graves’ orbitopathy (GO) is still controver-
sial while steroid dose and treatment application have not
been finalized. Frequency, severity and characterization of
adverse events (AE) were prospectively analyzed.

Setting Academic referral orbital center with a joint thy-
roid-eye clinic.

Patients Eighty consecutive and unselected patients with
active and severe GO.

Methods During an established treatment with IV meth-
ylprednisolone (cumulative dose 4.5 g) occurring AE were
prospectively coded according to the standardized and rec-
ognized medical dictionary for regulatory activities (Med-
DRA). Outcome and severity of AE were documented. AEs
judged as at least possibly related to drug treatment were
graded as side effect (SE). AEs matching a seriousness
criteria as defined by the ICH guideline E6 (good clinical
practice) were graded as serious.

Results A total of 38.75 % (31/80) of the treated GO
patients reported at least one AE while 18 patients (22.5 %)
reported at least one SE. All SE were within the safety
profile of IV methylprednisolone; 31/32 SE (96.87 %)
were mild-moderate and reversible and only 1/80 patient
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(1.25 %) stopped steroid treatment due to exacerbation of
her depression. Most AE were accessory symptoms of the
underlying disease and a few only were directly related to
IV steroids. Most AEs (90.6 %) were graded as mild. Only
six patients (7.5 %) were hospitalized, three of them due to
a dysthyroid optic neuropathy.

Conclusions Prospective and standardized evaluation
with MedDRA and the ICH guideline demonstrated the
good pharmacological tolerance and low morbidity of this
moderate steroid regimen.

Keywords Medical dictionary for regulatory activities
(MedDRA) - ICH guideline - Intravenous steroids -
Graves’ orbitopathy - Safety

Introduction

The organ specific autoimmune thyroid-associated orbit-
opathy or Graves’ orbitopathy (GO) is the main extrathy-
roidal expression of Graves’ disease [1]. Management of
GO should be early starting and patients should be treated
in joint-thyroid—eye clinics [2—4]. Intravenous glucocor-
ticoids are the first-line treatment for GO. However, route
of administration and single as well as cumulative dose of
intravenous methylprednisolone are still a matter of debate
[1, 3, 4]. Adverse events (AE) of (foremost orally admin-
istered) glucocorticoids include weight gain, gastrointes-
tinal side effects (SE), glucose intolerance, thin skin and/
or osteoporosis. Within the summary of the product char-
acteristics a list of SEs is stated but frequencies of SEs are
still unknown [5]. Several cases with steroid induced hepa-
totoxicity [6—10] and cardiovascular complications [11, 12]
have been reported. However, when searching for evalu-
ated safety data, not a single paper has focused on careful
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analysis of data according to an internationally widely rec-
ognized and standardized medical dictionary abbreviated
“MedDRA”. In the reported clinical trials, e.g., [13-16]
the primary endpoints were efficacy parameters and SEs
were poorly mentioned and not systematically evaluated.
Also, when the safety parameters from clinical trials were
analyzed [17] they were related to a limited study popula-
tion and to a study defined drug regime. Further, in several
review papers on GO, safety evaluation of the reviewed
trials was only a minor part of the paper [18, 19]. Even
within a systematic review on morbidity and mortality of
intravenous (IV) steroid pulses in GO, the retrospectively
collected data have to be seen under limitation of the trials
reviewed [20]. A recent questionnaire survey among mem-
bers of the European Thyroid Association (ETA) evaluated
possible AE of oral and intravenous steroid therapy; how-
ever, this questionnaire was retrospective and most of the
responding ETA members did not mention any AE of the
steroid treatment [21]. Therefore, we aimed to prospec-
tively record and systematically evaluate safety data using
standardized tools and internationally accepted guidelines
in a large number of consecutive patients with severe and
active GO followed at an academic tertiary referral orbital
center with a joint-thyroid—eye clinic.

Materials and methods
Patients

The prospective study was approved by the local Ethics
Committee and the trial was performed according to the
Helsinki declaration. Prospectively recorded safety data of
80 patients with active and severe GO were evaluated dur-
ing a standardized and established IV methylprednisolone
treatment (0.5 g, then 0.25 g, 6 weeks each; cumulative
dose 4.5 g) [17, 20]. 6 and 12 weeks after starting IV ster-
oid administration, AE were registered and blood sampling
for thyroid-related hormones and autoantibodies, white
blood cells, liver and kidney chemistry was done.

Methods

All documented AEs were coded with the medical diction-
ary for regulatory affairs (MedDRA). It is a medical termi-
nology developed by the International Conference on Har-
monization of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH). The application of
MedDRA is highly recommended to accurately and trans-
parently describe the safety profile and quantify the puta-
tive AEs and SE during the administration of drug therapy
like the evaluated high-dose steroid regimen [22]. The
English Version 16.1 was used and the appropriated points
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to consider [23] were attended. Severity of all AEs was
graded with the categories mild, moderate and severe clas-
sified as follows: the AE does not interfere with daily activ-
ities (mild), the AE interferes with daily activities (moder-
ate) and the AE prevents patient daily activities (severe). A
follow-up of all AEs was done and the final outcome was
documented. Every AE was judged if it was related to drug
intake and if it was serious according to the seriousness cri-
teria defined in the ICH E6 guideline of the good clinical
practice (GCP) [24].

Results
Demographic and clinical data

All evaluated patients were of Caucasian ethnicity. 57 of
80 (71.3 %) patients were female. The median age of the
patients was 53 years (range 23-75 years), the median
weight was 70 kg (48—118 kg). Further to GO, the patients
had up to seven other autoimmune and non-autoimmune
diseases (median 2 diseases per patient) and they were on
up to eight different concomitant medications (median 2
per patient). Median clinical activity score [3, 4] at base-
line was 4 (range 1-6 points) for the right eye and 4 (0-6
points) for the left eye.

Adverse events and side effects

A total of 31 patients (38.75 %) reported at least one AE
while 18 (22.5 %) patients reported at least one AE graded
as at least possibly IV steroid-related (SE). A total of 64
AE was documented and coded with MedDRA. Number
of registered AEs according to the MedRA System organ
classes (SOC) and occurred preferred terms are given in
Table 1.

SOCs with a higher percentage rate than 10 % of all
AEs mentioned were “psychiatric disorders”, ‘“gastroin-
testinal disorders”, “infections and infestations” and “gen-
eral disorders and administration site conditions”. Most
often mentioned AEs were hot flush, optic neuropathy and
sleep disorder (Table 1). All other AE occurred only once
or twice in the study population. Several AE (e.g., cardiac
arrhythmias, optic neuropathy and thyroid dysfunction)
were clearly related to the underlying autoimmune thyroid
disease. A total of 47 (73.4 %) of AE were recovered, 13
(20.3 %) were recovering and only one (1.6 %) AE (wors-
ening of psoriasis) did not recover.

A total of 58 (90.6 %) AE were graded as mild (48
events) or moderate (8 events) (see Fig. 1). A few events,
i.e., dysthyroid optic neuropathy, major depression and
atrial tachyarrhythmia were graded as severe. Moderate
events were hyperthyroidism, nausea, peripheral edema
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Table 1 Number of occurred events including coded preferred terms of each MedDRA SOC

System organ class

Abbreviation No. of events

Preferred terms MedDRA version 16.1 (occurred
number)

Blood and lymphatic system disorders BLO
Cardiac disorders CAR
Congenital, familial and genetic disorders CON
Ear and labyrinth disorders EAR
Endocrine disorders END
Eye disorders EYE
Gastrointestinal disorders GAS
General disorders and administration site conditions GEN
Hepatobiliary disorders HEP
Immune system disorders IMM
Infections and infestations INF
Injury, poisoning and procedural complications INJ
Investigations INV
Metabolism and nutrition disorders MET
Musculoskeletal and connective tissue disorders MUS
Neoplasm benign, malignant and unspecified (incl. NEO
cysts and polyps)

Nervous system disorders NER
Pregnancy, puerperium and perinatal conditions PRE
Psychiatric disorders PSY
Renal and urinary disorders REN
Reproductive system and breast disorders REP
Respiratory, thoracic and mediastinal disorders RES
Skin and subcutaneous tissue disorders SKI
Social circumstances SOC
Surgical and medical procedures SUR
Vascular disorders VAS

w

n = N O

“wn W = O =]

o O

Palpitations (1), tachyarrhythmia (1), cardiovascular
disorder (1)

Vertigo (2)
Hyperthyroidism (1)

Angle closure glaucoma (1), optic neuropathy (3),
episcleritis (1)

Dyspepsia (2), toothache (1), nausea (2), abdominal pain
(1), abdominal discomfort (1), diarrhea (1)

Influenza-like illness (1), feeling hot (1), edema (1),
fatigue (2), edema peripheral (1), face edema (1)

Infection (1), bacterial infection (1), nasopharyngitis (2),
herpes zoster (1), sinusitis (1), upper respiratory tract
infection (1)

Intraocular pressure increased (1), gamma-GT increased
(1), blood glucose increased (1), alanine aminotrans-
ferase increased (1)

Myalgia (1), pain in extremity (1)

Headache (2)

Depression (1), sleep disorder (3), depressed mood (1),
insomnia (1), agitation (2), apathy (1)

Metrorrhagia (1)
Rhinorrhea (2), cough (1)

Swelling face (1), hyperhidrosis (1), psoriasis (1), pruri-
tus (1), rash (1)

Hot flush (4), hypertension (1)

and/or pain in extremity and occurred in eight (10 %)
patients.

A total of 32 (50 %) of the AEs were judged as SE (see
Fig. 2). All SE were distributed among the already known
safety profile of IV methylprednisolone. SE occurred most
in the SOCs “gastrointestinal disorders”, “vascular disor-
ders”, “psychiatric disorders” and “skin and subcutaneous
disorders”.

Abnormal laboratory values were noted in three patients
(3.75 %), only. One patient (1.25 %) experienced a revers-
ible fivefold increase of gamma-glut amyl-transferase, one

patient had a reversible twofold increased blood glucose
level and the third patient experienced a reversible fourfold
increased alanine aminotransferase. All three events were
coded into SOC “Investigations” and had a recovered or
recovering outcome.

Only six (7.5 %) patients experienced an AE requir-
ing a hospitalization and, therefore, graded as serious AE
(SAE). All SAE occurred during the first six weeks of the
IV steroid treatment and showed a recovered or recovering
outcome. Documented SAE were: dysthyroid optic neu-
ropathy in three patients (3.75 %), cardiac tachyarrhythmia,
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Fig. 1 Number of adverse
events in specific system organ
class graded by severity. AE
adverse event, CAR cardiac
disorders, EAR ear and laby-
rinth disorders, END endocrine
disorders, EYE eye disorders,
GAS gastrointestinal disorders,
GEN general disorders and
administration site conditions,
INF infections and infesta-
tions, INV investigations, MUS
musculoskeletal and connective
tissue disorders, NER nervous
system disorders, PSY psychiat-
ric disorders, REP reproductive
system and breast disorders,
RES respiratory, thoracic and
mediastinal disorders, SKTI skin
and subcutaneous tissue disor-
ders, VAS vascular disorders

Fig. 2 Number of side effects
and the cumulative number

of adverse events in specific
system organ class. AE adverse
event, SE side effect, CAR
cardiac disorders, FAR ear

and labyrinth disorders, END
endocrine disorders, EYE eye
disorders, GAS gastrointes-
tinal disorders, GEN general
disorders and administration
site conditions, INF infections
and infestations, INV investiga-
tions, MUS musculoskeletal
and connective tissue disorders,
NER nervous system disorders,
PSY psychiatric disorders, REP
reproductive system and breast
disorders, RES respiratory, tho-
racic and mediastinal disorders,
SKI skin and subcutaneous
tissue disorders, VAS vascular
disorders

lower leg edema and major depression in one patient,
respectively. The patient who experienced an exacerbation
of its endogenous depression was the only one who inter-
rupted the IV steroid treatment. She recovered after steroid

withdrawal.
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Discussion

This is the first systemic analysis of the AEs and SEs of
IV high-dose steroid pulse treatment according to an inter-
nationally standardized and validated medical dictionary
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as well as based on internationally accepted guidelines.
This prospectively performed study demonstrated the low
IV steroid-related morbidity and practically an inexistent
mortality directly related to the moderate cumulative dose
used. The analysis was performed in a representative group
of 80 consecutive patients; foremost females suffering from
active and moderate-to-severe GO.

Thirty-one patients (38.7 %) experienced at least one
AE. Most other published clinical trials state the number
of events only and not the number of patients experiencing
an AE. A recent systemic review [20] analyzing 14 stud-
ies encompassing 1,045 patients reported that 68 (6.5 %) of
evaluated patients experienced at least one AE. Due to the
fact that in most of the evaluated clinical trials [13, 16, 25],
the number of AEs and not the number of affected patients
were mentioned and that minor events were often not
reported, the frequency of 6.5 % is most probably under-
estimated. In contrast, in this paper, all events, regardless
if mild, moderate or severe were carefully recorded, judged
with either possible causality to drug intake or not and,
therefore, the registered number of AE was much higher.

In a recently published questionnaire prepared by the
European Group of Graves’ Orbitopathy (EUGOGO) and
filled by clinically active members of the European Thy-
roid Association (ETA) [21], only 32 of 83 ETA members
(39 %) using IV steroids reported events. Detailed data
were reported for 39 patients, most of them receiving very
high doses of IV glucocorticoids. Due to missing number
of treated patients the percentage rates of AEs are unfor-
tunately not evaluable in this joint ETA/EUGOGO survey.
Thus, a direct comparison of the results from our prospec-
tive standardized registration and this survey is not feasible.
As only severe AEs were reported in the questionnaires of
the ETA survey, underreporting of mild and moderate AEs
is highly probable.

In contrast, carefully documented and useful data are
available from a large randomized trial of EUGOGO. When
comparing three different doses of IV methylprednisolone,
Bartalena et al. [15] observed in 18 of 54 (33.3 %) patients
at least one AE with the lower cumulative dose of 4.98 g
methylprednisolone which fits with the slightly higher rate
of 38.7 %, registered in this study. Based on these data, at
least 50 % of patients treated with a cumulative dose of
4.5 g methylprednisolone will not experience any AE.

In our prospective study no IV steroid-related mortal-
ity was registered and only six GO patients were admit-
ted to the hospital because of AEs. Only one had an SAE
with a probable relationship to IV methylprednisolone.
This is in line with the published literature. The EUGOGO/
ETA Survey [21] described seven of 39 AEs (18 %) with a
fatal outcome. With one exception, all of them occurred in
patients receiving high cumulative dose (>8 g) of steroids,
a high single or daily dose above 0.75 g and most of them

were administered daily doses instead of intermittent drug
administration. The recently published large systemic anal-
ysis reported a mortality rate of 0.6 % [20]. Fatal events
occurred with one single exception in patients receiving
daily doses higher than 0.5 g. The conclusions drawn from
the systemic review are confirmed by the results of the pre-
sented standardized prospective analysis and clearly dem-
onstrate that considering the already published exclusion
criteria, i.e., active hepatitis, severe hypertension, severe
coronary heart disease, very instable diabetes, no fatal AE
or SE (iv steroid-related AE) are to be expected during a
12-week-treatment scheme with a cumulative dose of 4.5 g
of IV methylprednisolone.

An often discussed topic concerning safety of IV ster-
oids is hepatotoxicity. In the literature several case reports
[6, 7] and a small study with 30 cases are reported [26].
The four cases of acute liver failure with fatal outcome
described in the EUGOGO/ETA Survey [21] were treated
with a much higher cumulative dose than 4.5 g methyl-
prednisolone. In comparison, not a single patient moni-
tored at our institution experienced severe liver injury.
Only two patients experienced elevated liver parameters
(increased gamma-glutamyl-transferase; increased alanine
aminotransferase) six weeks after starting treatment. These
SE were self-limiting and patients recovered during the
following six weeks receiving a weekly dose of 250 mg.
In a study comparing two regimens of IV steroids [27]
the authors came to the conclusion that acute liver failure
could be a dose-depending SE. According to these authors
and as strongly recommended in the Consensus statement
of EUGOGO [3, 4] it is advised to regularly monitor liver
function parameters of patients prior as well as during IV
steroid treatment.

IV steroid therapy may also affect the cardiovascular
system [11, 12, 28]. In this study, eight events within the
SOC “cardiac disorders” or ‘“vascular disorders” occurred
(frequency of 12.5 %). These AE (hot flush, palpitations,
tachyarrhythmia, disorder circulatory system, hyperten-
sion) are well-known SE of methylprednisolone [5]. Tach-
yarrthythmia and disorder of the circulatory system were
graded as not related due to possible alternative causes.
None of the patients observed had to stop IV steroid treat-
ment or reduce the single dose due to a cardiovascular
event. According to the registered data IV steroid-related
cardiovascular SE cannot be totally excluded. If any, these
SE were mild to moderate and were well tolerated.

A limitation of the study is the relatively low number of
patients included. Although using standardized and inter-
nationally accepted tools, rare cardiovascular and hepatic
SE could have been missed despite the relatively high
documentation rate (22 %) of mild to moderate SE. There-
fore, the prospective study is further extended to additional
patients. Further in this paper documented AE were not
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graded in either minor or major since there is no interna-
tionally accepted written definition of “minor” and “major”
AE.

In conclusion, the standardized, prospectively evaluated

AE and 1V steroid-related SE documents the safety and
good tolerance of an IV steroid scheme with a moderate
cumulative dose.
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