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Life-threatening complications of high
doses of intravenous methylprednisolone
for treatment of Graves’ orbitopathy
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Abstract

Background: Treatment of moderate to severe Graves’ orbitopathy (GO) is based mainly on intravenous pulses of
methylprednisolone. High doses of methylprednisolone can exert several adverse effects, some of which might be
life-threatening. The objective of this study is to describe the most severe complications associated with
intravenous administration of high doses of glucocorticoids, and to develop the patient examination standards
prior to their qualification for the therapy.

Main body: In this paper, we describe the most severe, life-threatening complications of intravenous
methylprednisolone and address their possible underlying mechanism. We also present recommendations and
precautions which should be taken prior to initiation of intravenous pulses of methylprednisolone treatment for
GO. To address risk of hepatic complications, we recommend regular monitoring of biochemical parameters of
hepatic function. Additionally, assessment of the risk of cardiovascular events should be undertaken based on
medical history, estimation of risk factors, and investigations, such as determination of thyroid hormones and
thyroid-stimulating hormone levels, electrolyte and glucose concentrations, electrocardiogram examination and
measurements of blood pressure.

Conclusions: An individualized safe and effective dose of intravenous methylprednisolone should be established
for each patient with GO based on the vascular risk factors, comorbidities, and concomitant drugs. According to the
European Group on Graves’ Orbitopathy (EUGOGO) guidelines, cumulative doses of intravenous methylprednisolone
should not exceed 8 g.

Keywords: Methylprednisolone, Graves’ disease, Graves’ Orbitopathy

Background
Graves’ orbitopathy (GO, also referred to as ophthal-
mopathy) is a chronic autoimmune disease that man-
ifests as orbital cellulitis and is presently observed in
25–50% of patients with Graves’ disease [1]. Efficient
treatment for this disease has been a constant chal-
lenge for the last two centuries with regard to the
selection of therapy as well as the time when the
treatment can be initiated. The selection of an ap-
propriate treatment protocol is based on disease ac-
tivity. Severity, progression in time, age, presence of
coexisting medical disorders, and the existence of

risk factors for the occurrence or exacerbation of
orbitopathy can influence the decision about the be-
ginning of the therapy and the dose of intravenous
methylprednisolone. One of the criteria for selecting
a suitable therapy includes foreseeing the possible
side effects and estimating the risk of their occur-
rence individually for each patient. It is important to
note that treatment of GO is a complex procedure,
consisting of both restoration and maintenance of
the euthyroid state, elimination of risk factors, and
providing treatment aimed at restricting the inflam-
mation of the orbit.
Since the 1950s, glucocorticoids have been used in the

treatment of GO. Three different routes of drug admin-
istration are known: topical (in the form of peri- or
retrobulbar and subconjunctival injections, [2–4] oral,
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and intravenous. The steroids, independently of their
route of administration, function by limiting the action
of both B and T lymphocytes, restricting the influx of
monocytes and macrophages, and reducing the activity
of immunocompetent cells, the secretion of inflamma-
tory mediators (prostaglandins and cytokines) and the
synthesis of glycosaminoglycans. The combined effects
of all the above-mentioned actions also diminish the
activity of orbital fibroblasts [5].
Undoubtedly, intravenous administration of gluco-

corticoids is the first-line therapy for the serious form
of GO, in particular when there is a risk for optic
neuropathy [6]. They can also be used to treat moder-
ate and occasionally mild forms of the disease which
manifest with intensified external symptoms. The risk
of spontaneous progression from mild to moderate
and further to severe form is comparatively low, being
observed only in 15–16% of the patients in the ran-
domized controlled studies [7, 8]. However, identifica-
tion of the sub-group of patients with a high risk of
disease progression remains difficult, and systemic
therapy is recommended based on the presence of the
following prognostic factors: smoking, high serum thy-
roid stimulating hormone receptor antibody (TRAb)
concentration, and presence of traits that are reflective
of the active form of the disease. However, many au-
thors do not advocate systemic treatment with gluco-
corticoids in the case of mild GO owing to the risk of
severe systemic complications [9], Table 1.
The intravenous route of methylprednisolone has been

highly recommended for GO, considering the highest effi-
cacy of the therapy and low number of associated compli-
cations [9–13]. Currently, topical administration of
glucocorticoid is used for GO only occasionally, where
there is a high risk of dangerous complications with sys-
temic administration. The limitation of this route includes
unfavorable adverse effects induced by triamcinolone acet-
ate, including increase in orbital pressure with an increase
in the dosage of the drug, need for multiple injections,
and extensive scarring of tissues [3, 14]. The use of

steroids has been proven to be effective in reducing the
edema and consolidating the muscles, which in turn result
in reduced fibrogenesis. The impact of steroid therapy on
proptosis remains restricted [15].
Despite the wide application of glucocorticoids in the

treatment of autoimmune diseases, determination of
their safety profile is the key in planning the treatment
for GO. Various randomized controlled trials have con-
firmed higher efficacy and lower number of adverse
events with intravenous pulses of glucocorticoids in
comparison with oral steroid therapy [11, 13, 16]. There-
fore, the intravenous administration route has gained a
wide acceptance and comprises the first-line therapy for
moderate and severe forms of GO. However, reports of
associated severe side effects should prompt the develop-
ment of patient examination standards before imple-
mentation of therapy with intravenous pulses of
methylprednisolone.
The initiation of the systemic glucocorticoid therapy

should be based on the general and topical status of the
patient and the assessment of the risk factors for disease
progression. The treatment regimen should meet the ex-
pectations of the patient and be preceded by a discus-
sion, wherein the patient is informed about the risks that
can arise from the proposed therapy. In addition, the
physician should present in detail the benefits as well as
the possible side effects that can be encountered during
the therapy. The objective of this review is to describe
and discuss the most severe complications that may
occur following intravenous administration of high doses
of glucocorticoids, and to develop patient examination
standards prior to their qualification for the therapy.

Main text
Complications of systemic steroid therapy
Owing to the emergence of severe adverse events fol-
lowing intravenous administration of methylpredniso-
lone pulses during the treatment of active GO form,
a group of researchers, members of the European
Thyroid Association and the European Group on
Graves’ Orbitopathy (EUGOGO), in 2012 performed a
quantitative estimation of the rate of complications of
this therapy [9]., Table 1 Marcocci et al. conducted a
survey by sending the questionnaire to 349 experi-
enced clinicians, members of the European Thyroid
Association, including questions concerning adverse
events that had occurred during or after glucocortic-
oid therapy in patients with GO [9]., Table 1 Data
obtained from 148 respondents treating patients with
GO enabled analysis of the incidence rate of adverse
events in patients undergoing glucocorticoid therapy.
The data sent by 128 clinicians, who confirmed treat-

ing GO with glucocorticoids at their centers, showed
that 65% used intravenous route of administration while

Table 1 Occurrence of complications of glucocorticoid therapy
in patients with Graves’ orbitopathy (based on Marcocci et al.,
2001 [9])

Oral
(n = 27)

Intravenous
(n = 41)

Mild to moderate:

Hyperglycemia, gain in body weight,
depression, and Cushingoid features

17 27

Severe:

Cardiovascular, cerebrovascular, > 4-fold
increase in liver enzymes, acute liver
failure, autoimmune hepatitis

10 14

n number of physicians reporting adverse events
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25% used oral route. The remaining clinicians (10%)
used other therapeutic modalities, i.e., orbital
radiotherapy.
The complications associated with glucocorticoid

therapy in patients with GO are listed in Table 1 and
Table 2.

Incidence of complications associated with oral steroid
therapy
About 81% of the responders from the EUGOGO survey
reported to have observed side effects during treatment
with oral steroid therapy [9], Table 1. The adverse events
were qualified as severe in 10 cases, including cardiovas-
cular (n = 1) and cerebrovascular/cerebral (n = 3) events.
A fourfold increase in the serum concentration of
liver enzymes was also observed following systemic
steroid therapy (n = 6). Two patients died during
treatment due to cerebrovascular complications. The
total dosage of glucocorticoids in both cases was 2.3 g
of prednisone. One patient was diagnosed with severe
congestive failure, and pulmonary embolus occurred
in another case. In 17 patients, adverse effects were
classified as moderately severe. The most commonly
reported side effects in this group of patients included
hyperglycemia, increase in body weight, depression,
and Cushingoid features.

Incidence of complications associated with intravenous
steroid therapy
In the group of patients treated intravenously, a total of 32
from 83 clinicians (39%) reported 53 adverse effects, of
which 27 qualified as severe complications: cardiovascular
(n = 10), cerebrovascular (n = 5), acute liver failure (n = 3),
autoimmune encephalitis (n = 1), and over fourfold increase
in the level of liver enzyme concentrations (n = 8) [9], Table
1. The others were mild to moderate (n = 14) [9], Table 1.
Due to the emergence of severe complications following
the immunosuppressive treatment, a total of seven female

patients died, due to acute liver failure (n = 4), and cardio-
vascular (n = 1) and cerebrovascular (n = 2) complications;
three of them deceased during the therapy, and four of
them after completion of the therapy. The total dose of
methylprednisolone in the deceased patients was 8–15 g.
The most commonly reported adverse side effect was an
acute increase in the level of liver enzymes (fourfold higher
than the normal value), and this condition is often
asymptomatic.

Hepatic toxicity
Hepatic toxicity of intravenous glucocorticoids has been
described by numerous clinicians [Table 2]. This compli-
cation is rare, but it may cause irreversible liver injury
and may ultimately lead to death.
Marino et al. reported on seven cases of acute liver

failure, which occurred in 800 patients treated with
intravenous methylprednisolone, of which three cases re-
sulted in death [17]., Table 2 Early traits of liver disease
were not evident in any of these patients. The symptoms
appeared during the treatment in two of the three de-
ceased patients, while it occurred after the completion of
therapy in one patient. The onset of symptoms (jaun-
dice, lassitude, anorexia, and diarrhea) was sudden, and
blood tests revealed a considerable (over fourfold higher
than the normal level) increase in the levels of liver en-
zymes and bilirubin. Immunosuppressive therapy was
immediately interrupted. However, this did not prevent
the development of cascade of events and a rapid deteri-
oration of the general status and biochemical parame-
ters, resulting in the death of two patients within 7
weeks; nevertheless, liver transplant was performed in
the third patient who died later as a result of kidney
complications. Furthermore, an asymptomatic increase
of liver enzymes was observed during therapy in four pa-
tients, which led to immediate halting of the therapy.
Their biochemical parameters spontaneously returned to
normal values within 9–22 weeks [17], Table 2.

Table 2 Severe complications of intravenous glucocorticoid therapy in patients with Graves’ orbitopathy

Organ system Report Complication Dose of methyl-
prednisolone

Hepatic
complications

Marino et al.
[17]

Acute liver failure (7 out of 800 patients, including 3 lethal cases) 3.0–24.0 g

Weissel and
Hauff [18]

Acute liver failure (lethal, 1 patient) 15.0 g

Salvi et al.
[19]

Acute liver failure (1 patient) 5.5 g

Cardiovascular
complications

Owecki et al.
[20]

Severe hypertension leading to myocardial infarction (1 patient) 5.0 g

Gursoy et al.
[21]

Severe hypertension leading to acute hear failure without myocardial infarction (1 patient) 2.0 g

Lendorf
et al. [22]

Myocardial infarction (1 out of 49 patients) Angina pectoris (2 out of 49 patients)
Ischemic stroke (lethal, 1 out of 49 patients) Pulmonary embolism (lethal, 1 out of 49 patients)

2.0–5.0 g

Walasik-Szemplińska et al. Thyroid Research           (2019) 12:13 Page 3 of 9



Weissel and Hauff reported acute liver failure in a
Caucasian woman aged 71 years, who underwent intra-
venous pulses of methylprednisolone treatment for se-
vere active GO [18], Table 2. Four weeks after the
completion of the treatment, a rapid increase in the con-
centration of liver enzymes and alterations in the synthe-
sis of clotting factors were observed. Despite intensive
treatment, the patient died within 10 days. Post-mortem
histopathological examination revealed necrosis of the
liver parenchyma. Serological and immunohistochemical
tests were negative for the presence of hepatitis A, B,
and C antigens [18], Table 2.
Salvi et al. reported the case of a 43-year-old woman

who developed acute liver failure following treatment
with pulses of methylprednisolone for GO associated
with Hashimoto’s disease [19], Table 2 After completion
of the treatment, a rapid increase in serum aminotrans-
ferase concentration was observed (1200 U/L). Serology
tests for the presence of hepatitis A, B, and C antigens
were negative. Before the influence of the applied ther-
apy, the biochemical parameters were within normal
limits. Four weeks after the completion of intravenous
therapy, a liver biopsy demonstrated autoimmune hepa-
titis (AIH) [19], Table 2.
By analyzing the aforementioned cases, one should

contemplate whether alternate treatment regimens for
methylprednisolone intravenous pulses exist, which can
decrease the incidence of severe adverse reactions, and
whether side effects depend on the total dosage of the
administered drug. An analysis of 23 studies of patients
with GO who received intravenous glucocorticoids
showed that nearly all severe events occurred with cu-
mulative doses of methylprednisolone greater than 8 g;
therefore, the cumulative dose of this drug should not
exceed 8 g [5].
It needs to be highlighted that the treatment regimens

that resulted in acute liver failure had been previously
applied in numerous patients, and that drug dosages did
not vary significantly from the widely approved treat-
ment regimens.
In the group of seven patients described by Marino

et al. [17], different treatment regimens were used over
the years, where patients were administered 7.5–15mg/
kg daily for 8–16 weeks. The total dosage ranged be-
tween 3 and 24 g. The total dosage in patients who died
due to acute liver failure was found to be slightly higher
(10.8 ± 3.6 g) than in those who recovered (7.9 ± 2.9 g).
However, this difference was not statistically significant.
In the case reported by Weissel and Hauff [18],

Table 2, the patient was treated with five cycles of 1 g
methylprednisolone pulses, wherein each cycle in-
volved administration of the drug for 3 consecutive
days. After a pulse cycle, oral treatment with prednis-
one at a dosage decreasing to 0 was carried out in

the period of 10–14 days. The cycle intervals were
between 14 days and 6 weeks. The total dose used in
this case was 15 g, and as underlined by the authors,
the dosage regime is widely used for treating patients
with multiple sclerosis.
In the case reported by Salvi et al. [19], Table 2, meth-

ylprednisolone was administered at a dosage of 7.5 g/
cycle for every 2 weeks, and each cycle involves adminis-
tration of the drug for 2 consecutive days. The total dose
was relatively low (5.5 g).
A positive association between the total dose of meth-

ylprednisolone and an increased risk of hepatic compli-
cations was demonstrated in two studies. Le Moli et al.
compared two groups of patients treated with intraven-
ous methylprednisolone for GO [23]. In the first group
comprising 13 patients, the total dose of administered
methylprednisolone was 8.45 g, while in the second
group comprising 14 patients the dosage was 4.5 g. In-
creased concentrations of liver enzymes were observed
in 38% of patients in the first group and in 14% of pa-
tients in the second group. However, only in 7 out of 13
patients from both groups (5 in the first group and 2 in
the second group), the enzyme levels increased over the
normal values [23].
A study by Zang et al., which compared various treat-

ment regimens involving different dosages of intraven-
ous methylprednisolone pulses, demonstrated a strong
association between the total drug dose and the inci-
dence of acute liver failure [5]. Lethal liver damage was
observed in cases where high cumulative dosages of
methylprednisolone, between 10 and 24 g, were used [5].
The possible causes for the above-mentioned adverse

effects remain unknown. First and foremost, glucocorti-
coids can directly affect the liver cells, similar to the ef-
fect exhibited by hepatotoxic drugs. Mitochondrial
damage and alterations in the beta-oxidation of fatty
acids occur, leading to the release of free oxygen radicals
and depletion of ATP stock in the liver cells. As an ef-
fect, steatosis occurs, which can be confirmed by the fol-
lowing findings: a positive correlation between the
occurrence of acute liver failure and dosage, the onset of
manifested symptoms during therapy rather than after
its completion, earlier consumption of potentially hep-
atotoxic drugs. In five out of seven patients preexisting
liver steatosis was demonstrated in ultrasonography in
the Marino report [17], Table 2.
The second probable mechanism of liver injury is

through immunological suppression caused by glucocor-
ticoids. Based on this hypothesis, it can be assumed that
virus-induced hepatitis can occur in the liver cells. In
one patient treated with low dose methylprednisolone,
and in whom lethal acute liver failure occurred, a high
concentration of anti-cytomegalovirus (anti-CMV) IgM
was recorded. An additional finding supporting this
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hypothesis is that the alanine transaminase (ALT) / as-
partate transaminase (AST) ratio was < 1 in all described
cases. However, it should be emphasized that hepatitis B
virus (HBV) and CMV viruses were not observed in five
out of seven patients, and tests for determining the pres-
ence of herpes simplex virus (HSV) and hepatitis C virus
(HCV) were also negative [17, 19].Table 2.
The third mechanism by which glucocorticoid use

leads to hepatotoxicity may be via a “rebound” mechan-
ism. Following the administration of glucocorticoids, a
suppression of the immune system is observed, and
sudden discontinuation of glucocorticoids may lead to
autoaggression and result in AIH. The following find-
ings support this hypothesis: in three out of seven pa-
tients, acute liver failure occurred after completion of
treatment (4.9 ± 1.2 weeks), and positive test for the
presence of liver-kidney microsomal (LKM) antibodies,
which is associated with lymphocytic consolidation in
one patient and the presence of antinuclear autoanti-
bodies in another patient. It should also be emphasized
that of the seven patients with acute liver failure dis-
cussed earlier, none received maintenance dose of the
steroid either between methylprednisolone pulses or
after completion of the therapy, which may have pre-
vented the occurrence of adverse events through this
mechanism [17, 19, 20], Table 2.
The study of Marino et al. [17], Table 2 showed that

out of 800 patients acute hepatic failure occurred in
0.8% of the cases, with lethal outcome observed in 0.3%
of the patients. However, it should be noted that asymp-
tomatic increase in the enzyme levels occurs more fre-
quently, particularly after completion of the treatment,
but is usually not reported due to the lack of a standard-
ized biomarker that can reflect the hepatic parameters
accurately after the completion of the treatment.
According to Le Moli et al., the asymptomatic increase

in the level of liver enzymes (AST, ALT) also depends on
the total dosage of methylprednisolone [23]. Increase of
the enzyme level is associated with increased bilirubin or
gamma-glutamyl-transpeptidase (GGTP) levels, but the
concentration of alkaline phosphatase is reduced, which
stems from the inhibiting effect of steroids on osteoclasts.
The increased enzyme level is typically observed after the
first administration of methylprednisolone, and according
to authors, steroid administration-dependent liver injury
does not correlate with the preceding hepatic steatosis or
concomitant diabetes [23].
Moreover, one cannot ignore the fact that increase of

aminotransferases may also stem from the hepatotoxic
effect of antithyroid drugs or thyrotoxicosis itself [9].
According to a research study [9], a maximum dosage

of 8 g is relatively safe for the proper functioning of the
liver, with the condition that its functioning is regularly
examined.

Vascular complications
Apart from the reports on acute liver failure and in-
creased serum concentrations of hepatic enzyme, ex-
ceeding normal values by several fold, there are papers
documenting cerebrovascular and cardiovascular disor-
ders, the incidence of which is closely related to the time
of administration of methylprednisolone pulses to treat
patients with active GO.
The occurrence of several cases of myocardial necrosis

and acute coronary syndromes were documented in pa-
tients, without preceding cardiac disorders, following
treatment with methylprednisolone intravenous pulses.
Owecki et al. [22], Table 2 described the case of a 66-year-
old woman, who was treated with methylprednisolone
pulses according to the following protocol: 1 g of methyl-
prednisolone/day for 3 subsequent days, and then after an
interval of 4 days, another 3-day cycle was repeated. Apart
from receiving treatment for hypothyroidism, which oc-
curred after therapy with radioiodine, the patient did not
take any other drug. This was her second course of intra-
venous therapy with methylprednisolone. The previous
treatment has been given 18months earlier. The second
treatment was administered 4months after the return of
symptoms of active GO. In the medical history of the pa-
tient, there was a coronary episode, 2 years earlier, of a
transient coronary ischemia, but despite the diagnosis, the
treatment was not given. The patient smoked cigarettes,
about 10/day.
On the second day, during the fifth dose of the second

cycle methylprednisolone administration, a rapid ele-
vation of blood pressure occurred (190/110 mmHg).
The symptoms of acute ischemia and myocardial ne-
crosis were observed, which was further confirmed
by elevated cardiac necrosis markers (CPK-MB- iso-
enzyme MB of creatine phosphokinase was 319 IU/l
and troponin T level exceeded 2 ng/ml (reference
range < 0.1 ng/ml), electrocardiography (ECG), and
echocardiography [22], Table 2.
Similar case was reported by Gursoy et al. [23],

Table 2 regarding a 53-year-old healthy man who was
treated with methylprednisolone for moderate form of
GO. Symptoms of GO appeared 6 months after the
treatment with radioiodine. The scheme of adminis-
tration of glucocorticoids was as follows: 1 g of meth-
ylprednisolone/day for 2 subsequent days, every 2
weeks. On the second day, after administration of the
infusion, a sudden increase of blood pressure (180/
120 mmHg) and acute pulmonary edema (with un-
clear cause) were noticed. Echocardiogram (ECG)
demonstrated a 35% reduction in ejection fraction
and a decrease in volume loading of the left ventricle.
Multiple repetitions of the ECG, normal values of car-
diac enzymes, as well as cardiac catheterization
excluded myocardial necrosis. The precise cause for
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the sudden change in the cardiopulmonary homeosta-
sis remains unknown. However, it appears that the
sudden expansion of the fluid in the vascular bed and
a rapid elevation in the blood pressure induced by
the action of glucocorticoids in combination with
prolonged uncontrolled thyrotoxicosis resulted in
acute pulmonary edema [23], Table 2.
In a study by Lendorf et al. [24], Table 2, a group of

49 patients were treated with methylprednisolone pulses
for active GO. A total of 67 therapies were used, accord-
ing to the following protocol: 1 g of methylprednisolone/
day for 5 subsequent days. In five patients, severe vascu-
lar complications were observed: two patients died, one
patient developed myocardial infarction, and acute cor-
onary syndrome occurred in two patients. The first de-
ceased patient was a white woman aged 24 years, who
after thyroidectomy was taking L-thyroxine. The only
risk factor associated with the development of vascular
complications was tobacco smoking, approximately 15–
30 cigarettes/day. Due to active GO, the patient was ini-
tially treated with oral prednisolone at a dosage of 30
mg/day, but the therapy was stopped due to depression
and progression of Cushingoid features. Surgical orbital
decompression was performed, which yielded good re-
sults. Subsequently, a 9-month therapy with cyclosporin
A was given. After 3 months of the therapy, a sudden de-
crease in visual acuity and recrudescence of the activity
of autoimmune process in the orbits occurred, and the
patient was offered treatment with intravenous methyl-
prednisolone pulses. During the fourth dose of methyl-
prednisolone, the patient reported visual disturbances
and emotional instability, which resolved spontaneously.
On seventh day, 2 days after completion of the therapy,
computed tomography (CT) scan of the head demon-
strated ischemia in the right middle cerebral artery with
intensified brain edema and right ventricular compres-
sion. Severely impaired levels of consciousness and pe-
riods of asystole occurred. Despite intensive treatment,
brain edema increased, and midline shift was observed.
The patient died 2 days later. Autopsy revealed throm-
bosis of the right middle cerebral artery without features
of inflammation.
The second case of lethal complication following treat-

ment with high doses of intravenous glucocorticoids oc-
curred in a 71-year-old woman with paroxysmal atrial
fibrillation, for which she was treated with digoxin and
clopidogrel. Another risk factor for vascular complica-
tions was smoking cigarettes at 10/day. The patient had
undergone thyroidectomy 30 years earlier. She was
treated with intravenous methylprednisolone pulses for
active GO, followed by orbital irradiation and cyclospor-
ine A. Considering the reduced visual acuity and color
vision disorders, it was decided to administer another
cycle of intravenous pulse of glucocorticoids. On the

third day of the therapy, after administration of 3 g of
methylprednisolone, shortness of breath and atrial fibril-
lation occurred. Although treatment was continued, cir-
culatory–respiratory failure occurred, and despite
resuscitation the patient died. Autopsy revealed pulmon-
ary embolus and thrombosis within coronary vessels.
The third patient, without prior cardiac problems, was

treated on two occasions with methylprednisolone
pulses within a span of 1 year. The total dose of gluco-
corticoid administered during the first therapy was 5 g,
and in the second cycle, the dose was reduced to 500mg
of methylprednisolone/day for 5 consecutive days (a
total of 2.5 g). On the second day of the therapy, patient
reported chest pain and shortness of breath. ECG
revealed left bundle branch block and ST elevations
across the precordial leads. Myocardial infarction was
confirmed by the presence of high levels of cardiac
enzymes [24], Table 2.
In all the described cases, there was a close temporal

correlation between the occurrence of vascular events
and administration of intravenous glucocorticoids, hence
it was assumed that the treatment was the direct cause
of the adverse events.
The thyrotoxicosis status also has an impact on the

hemodynamic cardiovascular parameters. Excessive pro-
duction of thyroid hormones is associated with increased
filling of the vascular bed, reduction of vascular tone,
and positive inotropic and chronotropic effects, which
results in shortened circulation time. Despite the en-
hancement of both contractility and relaxation of the
myocardium, reduction of the cardiac reserve occurs,
and this effect is reversed by antithyroid drugs. Left un-
treated, thyrotoxicosis in the long term may lead to
myocardial infarction without concomitant cardiac ab-
normalities [24].
In the case of patients described by Owecki [22], Table 2

and Gursoy [23], Table 2, the authors assumed that rapid
elevation in blood pressure levels destabilized the previously
stable atherosclerotic coronary plaque, resulting in coronary
artery occlusion. In addition, disturbance in the volumic
balance and overuse of the left ventricle, which overlapped
with hemodynamic changes resulting from endocrine disor-
ders, could have led to pulmonary edema and circulatory–
respiratory failure.
It is traditionally assumed that glucocorticoids induce

sodium and fluid retention. They increase both systolic
and diastolic pressure independently of the renin-
angiotensin–aldosterone system. However, the precise
mechanism remains unknown. The current research in
this field focuses on the impact of glucocorticoids on
blood vessels, mediated by nitric oxide. Increased con-
tractility of arteries and increased vascular tone are ob-
served as a result of the impact of glucocorticoids on
both the endothelium and the smooth muscles of the
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vessel walls. In the endothelial cells, glucocorticoids in-
hibit the reduction of vasodilator factors, such as prosta-
cyclins and nitric oxide. In the vascular smooth muscles,
the effect of steroids is diverse, and it is regulated by 11
beta-hydroxysteroid dehydrogenase (11beta-SD) [25].
Patients, in whom lethal vascular complications oc-

curred, did not have prior cardiac problems, which
would have disqualified them from undergoing intraven-
ous therapy with glucocorticoid pulses. However,
tobacco smoking was the common risk factor, which be-
sides having a negative impact on the occurrence and
exacerbation of GO, and reduction in the therapeutic
effect of glucocorticoids, could have also contributed to
the occurrence of adverse vascular events.
The issue concerning total dosage and its possible cor-

relation with adverse vascular events remains a topic of
discussion. Lendorf et al. pointed out that severe vascu-
lar complications occurred after the administration of
total methylprednisolone dose of 5–8 g, including the
dosage of preceding treatment [24], Table 2 Owecki
[22], Table 2 states that myocardial ischemia occurred in
a patient during the administration of fifth dose of meth-
ylprednisolone (5 g), but previous treatment with this
drug was not taken into account (two cycles of 3 g each,
i.e., 6 g in total). These dosages do not exceed the gener-
ally used doses and those recommended by the
EUGOGO; however, considerable discrepancies between
total dosages should be emphasized.
In a study by Jastrzębska, a statistically significant in-

crease in the percentage of side effects was demonstrated
in patients undergoing repeated glucocorticoid therapy
in comparison to those undergoing treatment course for
the first time (59% vs 41%) [26]. However, it remains un-
known whether a considerable gap should be maintained
between glucocorticoid courses, so that the dose is not
summed up and can be considered safe [26].

Conclusions
Glucocorticoids are used in the treatment of numerous
autoimmune diseases. Despite the published reports on
complications arising from treatment with high doses of
steroids, such as infections, arterial hypertension, in-
creased blood glucose levels, neuropsychiatric complica-
tions, liver function abnormalities, glaucoma, sudden
cardiac death due to ventricular arrhythmias, and myo-
cardial infarction, it can be stated that the therapeutic
value of the treatment may exceed the risk of their use.
A multicenter, randomized, double-blind study com-
pared the efficacy and safety of three cumulative doses
of methylprednisolone (2.25 g, 4.98 g, and 7.47 g) given
intravenously over 12 weeks to 159 patients with GO
[27]. The highest dose caused the greatest improvement,
but it was associated with an increased risk of major
adverse events. Thus, the intermediate dose was

recommended for most patients and the highest dose
only for those with severe GO [27]. These recommenda-
tions were later endorsed by the EUGOGO [28].
It should also be emphasized that higher therapeutic

effect following the coadministration of glucocorticoids
and orbital radiation therapy has been demonstrated,
which enables a reduction in the total dose of steroids,
treatment time, and consequently a reduction in the in-
cidence of adverse symptoms [29, 30]. However, the ef-
fect of orbital radiotherapy was investigated in patients
who received oral glucocorticoids. There are no data on
the effect of orbital radiation therapy in conjunction
with intravenous glucocorticoids, although the combin-
ation of oral glucocorticoids with radiation therapy
seems more effective than intravenous glucocorticoids
alone [27].
Considering the reports describing severe complica-

tions after methylprednisolone treatment, regular
monitoring of biochemical parameters of hepatic func-
tion is recommended. All patients should be tested
regularly for liver enzyme concentrations, AST, ALT,
GGT, bilirubin, C- reactive protein (CRP) and factors
of the coagulation system. If the baseline levels exceed
normal levels, it is a contraindication for administra-
tion of high doses of glucocorticoids. Prior to under-
going treatment, markers of hepatitis B and C should
be determined. Some authors also recommend the
evaluation of antibodies associated with AIH. The
presence of hepatic steatosis and other abnormalities
in liver ultrasonography should be taken into account
as risk factors for the occurrence of serious complica-
tions during treatment with high doses of glucocorti-
coids. In the report by Marino et al. [17], Table 2, 2
out of 7 patients with acute liver damage had liver
steatosis on abdominal ultrasound before the initiation
of glucocorticoids. However, because liver steatosis is
common (~ 33% of adults in the USA have this condi-
tion [31]), it would be impractical to disqualify all pa-
tients with any degree of liver steatosis from
glucocorticoid treatment. Perhaps higher grades of
liver steatosis can be considered as a contraindication
for this treatment. Qayyum et al. [32] proposed a grad-
ing system for hepatosteatosis based on the fat content
of hepatocytes: normal (< 5%), mild (5–33%), moderate
(34–66%), and severe (> 66%). This system could be
used for risk stratification among patients who receive
glucocorticoids for GO.
Other factors should also be considered when asses-

sing the risk of hepatotoxicity. For example, statins,
commonly used cholesterol-lowering drugs, may in-
crease the hepatotoxicity of glucocorticoids. Covelli et al.
described two patients with GO in whom intravenous
methylprednisolone caused liver damage, which resolved
only after discontinuing statins [33].
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Assessment of the risk of cardiovascular events should
be based on medical history, estimation of risk factors,
and additional tests. Prior to treatment with high doses
of glucocorticoids, serum thyroid hormones and TSH
levels, electrolytes, and glucose concentrations should be
determined. ECG as well as blood pressure measure-
ments should be performed.
It is probably impossible to determine a safe dose,

whose therapeutic effect would be satisfactory. Keeping
in mind the vascular risk factors, comorbidities, and
concomitant drugs, a safe dose should be established for
each patient individually. Unfortunately, despite the
careful selection of appropriate dosage, no treatment is
currently available whose side effects could be elimi-
nated completely.
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