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Abstract

Graves’ disease (GD) is the main cause of hyperthyroidism. Cardiovas-
cular complications of GD may have a delayed onset, accompanied by
pericardial and pleural inflammation or inflammatory effusions. Pleuro-
pericardial compromise (PPC) associated with GD is a rare disorder. It is
postulated that the pathophysiology may involve an interaction between
antithyroid antibodies and pericardium. Currently, there is no guideline
for the treatment of GD-induced serositis. We conducted a systematic
review to compare similar PPCs in GD reports. This article aimed to
summarize the information to understand physiopathology and propose
preliminary management. A total of 14 articles describing 16 cases of
serositis induced by GD were selected. The characteristics of the pleu-
ral and pericardial fluid express the inflammatory nature of GD and fa-
cilitate the diagnosis. Imaging methods, mainly ultrasound (US), chest
X-ray, and computed tomography (CT), contribute to the diagnosis of
PPC. Treatment of GD could be the cornerstone in the management of
this entity, adding radioactive iodine as a definitive therapy if the patient
does not reach a euthyroid state with antithyroid drugs.
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Introduction

Graves’ disease (GD) is an autoimmune disease characterized
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by an increase in the serum levels of thyroid hormones due to
the presence of autoantibodies against the thyroid-stimulating
hormone (TSH) receptor, which increases the synthesis and
release of thyroid hormones and glandular growth [1]. GD ac-
counts for 70-80% of patients with hyperthyroidism in iodine-
sufficient countries, which has a worldwide prevalence close
to 1% [2].

The main symptoms of GD are weight loss, irritability,
heat intolerance, diarrhea, muscle weakness, sweating, tachy-
cardia, systolic hypertension, tremor, goiter, and others. In ad-
dition, orbitopathy and dermopathy are observed in GD [3].
Orbitopathy accounts for 25-30% of patients with GD [4].

The inflammation accompanied by effusion of different
serous membranes, mainly the pericardium and pleura, is usu-
ally associated with primary neoplasms or metastases, infec-
tions, autoimmune diseases, endocrine-metabolic disorders,
and others [5, 6]. GD has been rarely proposed in the literature
as a trigger of pleuropericardial compromise (PPC). A clear
pathophysiological linkage between both entities has not been
identified. However, it is proposed that, similar to orbitopa-
thy, autoantibodies involved in GD initiate an inflammatory
process with the pericardium and pleura [4-7]. The diagnosis
of PPC in GD is difficult usually because of exclusion due
to its rare presentation. The American Thyroid Association
(ATA) recommends three options for GD treatment, namely,
antithyroid drugs (ATDs), radioactive iodine (RAI), and thy-
roidectomy [8].

The most common adverse event after therapy with RAI
is hypothyroidism [8]. Other side effects include thyroiditis,
orbitopathy, and malignancies [9].

Currently, there is no guideline for the treatment of GD-
induced serositis. However, the management of GD as an un-
derlying disease is paramount in those cases, adding colchi-
cine, nonsteroidal inflammatory drugs, ASA, or corticoids to
the management of pericarditis [10].

The present study aimed to explore initial clinical mani-
festations, the diagnostic approach, and the outcomes of the
treatment in patients with PPC associated with GD, through a
systematic review of case reports.

Materials and Methods

This is a systematic review study that aimed to identify all case
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reports related to GD-induced pericarditis or pleuritis (with or
without effusion). We followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses [11] reporting
guidelines for the systematic review and the CARE [12] guide-
lines for case reports.

Systematic search

The bibliographic research was designed by one autor (VVR).
We searched the following electronic bibliographic databases
via the Ovid interface from inception to January 2022: LILACS,
MEDLINE, and Scopus. We considered studies published in all
languages and developed the search strategy in consultation with
a medical librarian and clinical experts from our institution. The
following search terms were used in different combinations us-
ing Boolean search operators and search field tags to retrieve the
articles: “Graves’ disease,” “hyperthyroidism,” “polyserositis,”
“pericarditis,” “pleurisy,” “pericardial effusion,” and “pleural
effusion.” We describe the complete search strategy here (Sup-
plementary Material 1, www.jofem.org). We did not use any fil-
ter related to age as GD can affect both adults and children. In
addition, we did not use methodological filters because of our
expectations of recollecting all relevant data about this uncom-
mon presentation. We did not hand-search the reference lists of
the included articles to further identify relevant articles.

Study selection

We included case reports and case series of studies of patients
diagnosed with GD with pleural or pericardial compromise.
The requirement for acceptance was the inflammation of the
serosa or an inflammatory effusion in a patient with a con-
firmed GD diagnosis. Moreover, we did not include confer-
ence proceedings and congress abstracts.

Two review authors (DSE and VZR) independently ex-
cluded studies that were not related to GD with pleural or peri-
cardial inflammation or effusion because of the titles and ab-
stracts identified by the search strategy. These authors retrieved
the full text of relevant articles and independently tested them
for inclusion. A third and fourth authors (JPI and MCZ) acted
as arbiters in case of discrepancies between the two review
authors (DSE and VZR) with regard to study inclusion. We
created a flowchart illustrating our search process, including
the reasons for exclusions. We did not include reports from the
bibliographic references of the selected studies.

Quality assessment

We used the tool proposed by Murad et al [13]. This tool evalu-
ated the methodological quality of case reports/series, assess-
ing eight questions about four domains. Since our systematic
review did not focus on cases of adverse events, we selected
only six questions for our assessment: 1) selection (a: Does the
patient(s) represent(s) the whole experience of the investigator
(center) or is the selection method unclear to the extent that
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other patients with similar presentations may not have been
reported?); 2) ascertainment (b: Was the exposure adequately
ascertained? c: Was the outcome adequately ascertained?); 3)
causality (d: Were other alternative causes that may explain
the observation ruled out? e: Was follow-up long enough for
prognosis outcomes to occur?); and 4) reporting (f: Is the case
described with sufficient details to allow other investigators
to replicate the research or to allow practitioners to make in-
ferences related to their own practice?). As suggested by the
authors, we summed up the scores of the binary responses in
an aggregate score (six points at maximum) and defined equal
or less than three as a low-quality study.

Data extraction and narrative synthesis

Two authors (DSE and VZR) independently evaluated the
identified articles for inclusion. The same two review authors
extracted the following data: 1) name of the author; 2) age and
sex of the patient; 3) immunological signs; 4) etiology; 5) pres-
ence of cardiac tamponade; 6) characteristics of the effusion
(for pleural or pericardial); 7) management of the effusion; 8)
treatment of GD; 9) additional treatment; 10) follow-up pe-
riod; and 11) outcome.

We performed a narrative approach to synthesizing the in-
cluded studies. A narrative synthesis is an approach to the sys-
tematic review and synthesis of findings from multiple studies;
it depends primarily on the use of words and text to explain
and summarize the findings. We employed a four-stage process
based on previous guidelines by Popay et al [14] (2006): 1)
developing a theory of how/why the association can be justified
(pathophysiological and clinical plausibility); 2) developing a
preliminary list of synthesis categories (age, immunological
signs, cardiac tamponade, pleural or pericardial inflamma-
tion, characteristics of the effusion, management of effusion,
GD treatment, additional treatment, follow-up, and outcome);
3) exploring the relationships between and within the included
cases and presenting them in a summary table; and 4) propos-
ing diagnosis criteria based on the most critical and frequent
characteristics (clinical manifestations, imaging, and electro-
cardiogram (ECGQG)) identified in the synthesis categories.

Results

Systematic search

This review was a retrospective assessment of 14 published
research articles, with 15 cases in total. The age range of the
patients was 17 - 76 years; 40% (6/15) of the patients were
female, who were referred to or seeking medical assistance for
PPC in GD.

We included 42 reports for analysis (Fig. 1) and consid-
ered for analysis each case with a confirmed diagnosis of GD
being the cause of pleura or pericardium with or without sub-
sequent effusion or GD as a cause of inflammatory effusion.
After reviewing the complete text, we excluded 28 studies as
they did not include aim cases. Eight cases were considered as
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Figure 1. Flow diagram of screening and selection of articles adapted from the PRISMA. PRISMA: Preferred Reporting ltems for

Systematic Reviews and Meta-Analyses; ATD: antithyroid drug.

the consequence of heart failure [15-20]. Four cases consisted
of pleural effusions as a rare adverse reaction due to ATD in-
take [21-24]. Two cases were associated with polyglandular
autoimmune syndromes [25, 26]. Three cases consisted of
pericarditis in a patient with hyperthyroidism, but the pericar-
ditis was attributed to viral infections [27]. The etiology of the
three cases were as follows: hashitoxicosis [28], obstruction
of thoracic duct [29], and peripartum heart failure [30]. Seven
reports were inaccessible [31-37]. One study was excluded
because it was a case of hyperthyroidism without a specific
cause mentioned [38]. Fourteen studies, including 15 patients
in total, were included in the qualitative review (Table 1) [7,
39-51]. In addition, we registered the diagnostic features of
PPC (Table 2) [7, 39-51].

Quality of included studies

The average score of the quality scale was 4.13 (3 - 6). One
study reached a perfect score (six points). The experience of
the investigator and the follow-up were the sections with more
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missing information (Table 3) [7, 39-51]. A total of 13 cases re-
ported follow-up data (four of them reported 6 months or more).

Narrative synthesis

Fourteen studies, including 15 patients in total (Table 1) [7,
39-51] were included in the qualitative review, being cases of
serositis associated with GD [7, 39-51]. The mean age of the
patients in the studies was 47.2 + 18.7 years at the time of diag-
nosis. In addition, six patients were female [7, 42, 44, 48, 49],
accounting for 40% of the sample. Regarding clinical features
that implied immunological features, orbitopathy was present
in two patients [39, 45] and goiter in eight [39, 40, 42-44, 46-
48]; dermopathy was not detected in any of the patients.
Referring to PPC, 10 cases consisted of pericarditis alone
[39, 42, 44-48, 49-51], one of pleuritis alone [41], and one of
both pericarditis and pleuritis [7]. Three cases did not have
a diagnosis of pleurisy or pericarditis but developed an iso-
lated effusion [40, 43, 48]. Effusion with or without serosity
is developed in nine patients [7, 40-44, 46, 48, 50], of whom
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Table 2. Diagnostic Features of Pleuropericardial Compromise (PPC)

Diagnosis of PPC

Reference
Clinical symptoms

ECG compatible with pericar-

Imaging compatible with PPC ditis

Airel et al, 2013 [39] Pe: substernal, pleuritic chest pain

relieved in the upright position

Bui et al, 2016 [43] NR
Clarke et al, 2002 [44] NR
Clarke et al, 2002 [44] NR

Cullen et al, 2017 [45] Pe: pain improved sitting

upright and leaning forward

Gondal et al, 2020 [46] Pe: sharp chest pain, increased by

breathing, improved by leaning forward

Gupta et al, 2015 [47] Substernal, pleuritic chest pain;
improved on leaning forward;

mild dyspnea; friction rub

Hosseini et al, 2019 [48] Cardiac tamponade: jugular vein
distension, pulses paradoxes,

and muffled heart sounds

Inami et al, 2014 [49] Retrosternal chest pain which increased

with deep breathing and position change

Khalid et al, 2011 [7] Loud pericardial rub and raised

jugular venous pressure

Koo et al, 2012 [50] Pain increased with deep

breathing and position change

Kortekaas et al, 2014 [51]  Sharp retrosternal pain; precordial

friction rub chest pain
Nakata et al, 2005 [40]
Rodriguez et al, 2006 [41]
Teague et al, 2009 [42]

Does not refer symptoms of pericarditis
PI-Ef
PI-Ef

NR PR segment depression, and
diffuse ST segment elevation

ECO: Pe-Ef; chest X-ray: PI-Ef NR

NR NR

ECO: Pe-Ef NR

NR Diffuse ST-segment elevation

Diffuse ST elevation and PR
depression in limb leads

ECO: small global
pericardial effusion

ECO: Pe-Ef PR depressions and
downsloping TP-segments,
except in leads aVR and V1

ECO: Pe-Ef; chest X-ray: PI-Ef NR

ECO: normal; CT:
thickened pericardium

ECO: Pe-Ef; chest X-ray: PI-Ef

Diffuse ST-segment elevation in
all leads except aVR and V1.

NR

Diffuse concave ST-
segment elevation in all
leads except aVR and V1

Concave ST-segment elevation
in all leads except aVR and aVL

NR
Atrial fibrillation

ECO: Pe-Ef; MRI: thickened
pericardium and Pe-Ef

ECO: no Pe-Ef

ECO; chest X-ray; CT: Pe-Ef
Chest X-ray and CT (PI-Ef)

ECO: Pe-Ef; chest X-ray: PI-Ef  Does not refer

Pe: pericarditis; ECG: electrocardiogram; CT: computed tomography; ECO: echocardiography; MRI: magnetic resonance imaging; Pe-Ef: Pericardial

effusion; PI-Ef: Pleural effusion; NR: does not refer.

five were cases of pleuropericardial effusions [7, 42-44, 48].
Regarding the cytochemical analysis, pericardial effusion de-
veloped in nine patients, of whom were cases of exudative ef-
fusion [40, 42, 43, 48] and five of uncategorized effusion [7,
44, 46, 50]. On the other hand, pleural effusion developed in
six patients, of whom one was a case of transudative effusion
[43], two were exudative effusion [43], and three were uncat-
egorized effusion [42, 44, 48].

Clinically, there were different manifestations related to
PPC. Pericarditis was referred to clinically in eight reports [7,
39, 45-51], being chest sharp pain, leaning forward the most
frequent symptom. Symptoms suggestive of pleural effusion
occurred in two reports [41, 42], whereas cardiac tamponade
symptoms were referred to in one report [48]. Four case re-
ports did not report symptoms suggestive of PPC [40, 43, 44].

ECG revealed manifestations of pericarditis in seven re-
ports [39, 45-50], whereas four reports (five patients in total)
did not mention any sign [7, 42-44]. Four reports described
atrial fibrillation [41, 43, 47, 48], and six described sinus
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rhythm [39, 40, 46, 48, 50, 51].

The reviewed case reports mentioned different imaging
techniques for diagnosing any type of PPC. Echocardiography
was the most used method, as described in 12 reports [7, 39-
44, 46-48, 50, 51]. Other methods of imaging were chest X-ray
in six patients [7, 40-43, 48], computed tomography (CT) in
four [39-41, 49], and magnetic resonance imaging (MRI) in
one [50]; two reports did not mention any technique [44, 45].
The results of this imaging method for diagnosis are presented
briefly in Table 2 [7, 39-51], in addition to the main symptoms
and ECG characteristics.

With regard to treatment, 13 patients were prescribed with
ATD [7, 39, 40, 42-47, 49-51], such as carbimazole, methima-
zole, propylthiouracil; 10 combined plus a  antagonist drug
[7, 39, 42, 44-47, 49, 51]. Three patients received RAI two of
them received RAI in combination with ATD [39, 44], and the
other received RAI alone [41]. Thyroidectomy was not pre-
scribed to any patient. One patient did not receive any thera-
peutic indication for GD [48].

www.jofem.org 5
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Table 3. Quality Assessment of Included Papers

Selection Ascertainment Causality Reporting

a. Does the patient(s) f. Is the case

represent(s) the whole c. Was :;:: :re :(-)l‘l: 3:_ described with suffi-

experience of the inves-  b. Was the the out- alterna up lon cient details to allow
Stud tigator (center) or is the  exposure come . pfong other investigators Total

tudy " tive causes  enough N
selection method unclear adequately ade- to replicate the score
that may for
to the extent that other ascer- quately . . research or to allow
2 A 3 explain the  prognosis e
patients with similar tained? ascer- . practitioners make
q . observation outcomes .
presentation may not tained? inferences related to
ruled out?  to occur? . 3

have been reported? their own practice?
Airel et al, 2013 [39] Yes Yes Yes No No Yes 4
Bui et al, 2016 [43] Yes Yes Yes Yes No Yes 5
Clarke et al, 2002 [44] No Yes Yes Yes Yes No 4
Clarke et al, 2002 [44] No Yes Yes Yes Yes No 4
Cullen et al, 2017 [45] No Yes Yes No No Yes 3
Gondal et al, 2020 [46] No Yes Yes Yes No Yes 4
Gupta et al, 2015 [47] Yes Yes No No No Yes 3
Hosseini et al, 2019 [48] Yes Yes Yes Yes No Yes 5
Inami et al, 2014 [49] No Yes Yes Yes No Yes 4
Khalid et al, 2011 [7] No Yes Yes Yes Yes Yes 5
Koo et al, 2012 [50] Yes Yes Yes Yes No Yes 5
Kortekaas et al, 2014 [S1] No Yes No Yes No Yes 3
Nakata et al, 2005 [40] No Yes Yes Yes No Yes 4
Rodriguez et al, 2006 [41]  Yes Yes Yes Yes Yes Yes 6
Teague et al, 2009 [42] Yes Yes No No No Yes 3

Surgical management was performed as follows: five pa-
tients underwent pericardiocentesis [40, 42-44, 48], and two
patients underwent thoracentesis [41, 43].

The follow-up time was variable, with a median of 3
months, a maximum of 18 months [44], and a minimum of
10 days [47]. Twelve patients successfully responded, without
recurrence [7, 39-46, 49, 50]. One patient, who had been pre-
scribed with ATD and RAI, recovered but had a regression of
orbitopathy [39]. Other patients recovered but exhibited per-
sistence of lid lag and proptosis [45]. Two patients seemed to
recover; however, the follow-up period was short, only a few
days, so their outcome was uncertain [47, 51]. One patient,
who did not receive any antithyroid treatment, had a recurrent
pericardial effusion 4 weeks after discharge [48].

Discussion

When a patient attends to the hospital presenting signs of thy-
rotoxicosis and manifestations of pleural or pericardial com-
promise, the clinical team must do some investigations. Firstly,
hyperthyroidism must be evaluated with thyroid hormones (T3
and T4) and TSH [1, 8]. Then, physicians have to determine
the cause of hyperthyroidism. GD is the main cause; and can
be diagnosed solely with signs of orbitopathy or dermopathy,
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antithyroid receptor antibody, or RAl-uptake [8]. Meanwhile,
in patients with suspected hyperthyroidism and pleuropericar-
dial effusion, it is important to exclude differential diagnosis
such as neoplasms [7], tuberculosis [52], rheumatologic and
autoimmune diseases [53, 54]. Excluding the other causes
makes the association between PPC and GD possible [51].
This criterion is reinforced due to recovery of the effusion and
no recurrence following resolution of hyperthyroidism [10].
Pleural and pericardial inflammation accompanied by effu-
sion in a patient with hyperthyroidism is rare. It is postulated
that the pathophysiology may involve an interaction between
antithyroid antibodies and pericardium, similar to orbitopathy
and dermopathy [38, 43, 46].

Most cases reported typical signs of pericarditis, such
as sharp chest pain [7, 39, 45-47, 49-51]. The most common
method for evaluating pericardial effusion was ultrasound (US)
[7, 40, 42-44, 46-48, 50], whereas chest X-ray was the com-
monly used method for pleural effusions [7, 41-43, 48]. Both
methods served to identify effusions in our patients, whereas
CT was added to improve imaging quality. CT was used to
evaluate pleural [41] and pericardial [40] effusion in all cases
reported in the literature. Only one report employed MRI to
observe pericardial effusion and thickening [50]; however, we
did not use this method. Because of the frequency used and its
ability to detect pericardial effusion, US might be the main im-

www.jofem.org
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aging method. However, chest X-ray and CT should evaluate
the lungs and the mediastinum to explore PPC, like the present
and previous reports.

Regarding PPC, 11 patients had pericarditis alone [39,
42-47, 49-51] and one had pleuritis alone [41], whereas three
others did not have inflammation but had effusions, which
were exudative [40, 44, 48]. Only one patient had pleuroperi-
carditis [7]. The pericardial effusion was exudative in four of
the nine cases (the other five were not identified) [40, 42, 43,
48]. Pleural effusion was transudate in one [43] of the seven
cases; the additional two were cases of exudative effusion [7,
41], whereas the other four were cases of uncategorized ef-
fusion.

Regarding the treatment, 86.67% of patients in the re-
viewed cases received ATD [7, 39, 40, 42-47, 49-51]. Most
of them received combined therapy ATD plus B antagonist [7,
39, 42, 44-47, 49, 51]. RAI was used in 20% of patients [39,
41, 44] ATD is recommended in a high likelihood of remis-
sion, such as mild disease or low antibody titers. RAI is rec-
ommended for contraindications to ATD or when the patient
cannot reach a euthyroid state with drugs, with a single dose of
10 - 15 mCi. The contraindications for RAI are coexisting thy-
roid malignancy and pregnancy. RAI is preferred in the USA,
whereas ATD is commonly used as first-line treatment in Eu-
rope, Japan, and Latin America [8]. Thyroidectomy is other al-
ternative of treatment, which is most preferred to GD with co-
existing active nodules, malignancy, or hyperparathyroidism
[8]. Other types of medical therapies that have been used to
treat hyperthyroidism [8] are lithium, cholestyramine, iodine,
etc. The median time of follow-up was 6.5 months (from 10
days to 18 months) [44, 47]. Thirteen patients did not have a
recurrence of effusions [7, 39-46, 49, 50]. Two did not have a
conclusive outcome because the follow-up period was only a
few days [47, 51]. Recurrence was reported in one case [48]
due to a lack of therapy for GD.

Conclusions

Cardiovascular complications of GD may have a delayed on-
set, accompanied by pericardial and pleural inflammation or
inflammatory effusions. PPC associated with GD should be
diagnosed discarding other more common differential diag-
noses. The characteristics of the pleural and pericardial fluid
express the inflammatory nature of GD and facilitate the di-
agnosis. Imaging methods, mainly US, chest X-ray, and CT,
contribute to the diagnosis of PPC. The treatment of GD is the
cornerstone of this entity.

Supplementary Material
Suppl 1. The complete search strategy.
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