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  Pref ace   

 Sarcoidosis remains an elusive diagnosis even in this day and age with fantastic 
technology available in nearly any sizeable city. Further, once diagnosed, the dis-
ease can be progressive and disabling or remain quiescent for years. It can affect any 
organ, but of course, one of the greatest concerns is cardiac involvement which can 
lead to sudden death, arrhythmia, and heart failure, in addition to a great many other 
complications. 

 This handbook is meant to serve as a clinician’s fi eld guide to diagnosing, man-
aging, and treating cardiac sarcoidosis. Much of the epidemiology, pathophysiol-
ogy, and treatments are reviewed with a strong clinical angle to all discussions in an 
effort to provide high yield and immediately implementable concepts at the bedside. 
You will fi nd clear commentary on virtually any situation to be encountered in this 
disease process and clear direction on how to proceed in diagnosing and managing 
the disease. The major caveat is that there is still no gold standard in diagnosing the 
disease, and even worse, no strong consensus on treatment options. Despite this, our 
authors have worked hard to present evidence-based and balanced approaches, and 
in areas with little to no evidence, we have clearly attempted to provide best 
practice. 

 You will notice that each chapter ends with “Pearls of Wisdom.” This is our 
attempt to provide some of the deep wisdom in the text of the chapter in a very high 
yield and manageable chunk for those who might be pressed for time. A thorough 
read of each chapter should provide the depth of knowledge that will then also be 
reinforced by these Pearls. The book ends with case examples to guide clinicians 
through real-world case scenarios with actual management situations described in 
detail. Our hope is to provide a beacon of light through the sometimes murky waters 
of cardiac sarcoidosis. 

 While all sections of this guide are equally strong, some notable sections include 
an in-depth discussion on the possibilities for pathogenesis, and a clear focus on 
multi-modality imaging, and management with immunosuppression. The research 
as of late in this fi eld has clouded the understanding of where this disease emanates 
from, but the section on pathophysiology should give the reader some understand-
ing of the very heterogeneous environment that may result in the disease state. As 
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mentioned, there is no clear cut algorithm for diagnosing the disease, which, in the 
current era is largely dependent on advanced imaging diagnostics. The imaging sec-
tions, and notably the multi-modality section, will serve to anchor the clinician in 
making good decisions in this realm of many possible approaches. While little evi-
dence supports various immunosuppression regimens, the sections on treatment 
will serve to provide perspective in this arena where little guidance exists. 

 In sum, we hope you will fi nd this guide an easy-to-access, in-depth, and well- 
indexed guide for the latest in diagnosis and treatment of this complicated and chal-
lenging disease.  

  Denver, CO, USA     Andrew     M.     Freeman  ,   MD, FACC, FACP     

Preface
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  Introduction   : Overvie w of Cardiac Sarcoidosis   

 Sarcoidosis is a multi-system granulomatous disease characterized by non- caseating 
granulomas. The etiology for this granulomatous response is unknown. Sarcoidosis 
primarily affects the lungs, but extra-pulmonary sarcoidosis can affect any organ 
system. Cardiac sarcoidosis is the most feared, as the repercussions can be severe, 
life threatening and can occur without warning. The fi rst described case of cardiac 
sarcoidosis was reported by Bernstein in 1929, who described sarcoidosis granulo-
mas in the pericardium [1]. 

 There are several features of cardiac involvement of sarcoidosis which are differ-
ent from almost all other organs involved by sarcoidosis. Two of the most common 
complications of cardiac sarcoidosis may occur suddenly, without warning in an 
otherwise normal appearing heart, and may be fatal on the initial presentation. 
These include interference or disruption of the electrical conduction system includ-
ing complete heart block, AV block or bundle branch blocks and ventricular arrhyth-
mias and sudden cardiac death. These potentially life threatening complications 
may occur as a result of scarring and the healing process after acute infl ammation 
and “active disease” has subsided. In addition, as both sarcoidosis disease activity 
and response to therapy may be variable over time, it is nearly impossible to rule out 
the potential risk for cardiac sarcoidosis and its serious or life threatening complica-
tions after a single negative evaluation. 

 The true incidence of cardiac involvement is diffi cult to determine due to the lack 
of a highly sensitive and specifi c “gold standard” test, and the apparent differences 
from country to country. For example, in the United States 13–25 % of deaths in 
patients with sarcoidosis are due to cardiac sarcoidosis while in Japan 47–85 % of 
deaths in patients with sarcoidosis are due to cardiac sarcoidosis. Because of these 
and other limitations, cardiac sarcoidosis is likely underdiagnosed. Most studies 
report a clinically apparent incidence of ~5 %, while autopsy studies suggest up to 
70 % of patients with sarcoidosis have cardiac involvement [2]. Unfortunately, the 
fi rst clinical manifestation of cardiac sarcoidosis may be sudden cardiac death or a 
life threatening conduction abnormality or arrhythmia. Less than half of patients 
with cardiac sarcoidosis found at autopsy had the diagnosis of cardiac involvement 
prior to death [3]. 
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 The clinician’s goal is to identify, risk stratify and treat those patients with car-
diac involvement before irreversible damage, or serious or life threatening compli-
cations occur. Yazaki et al. reported that instituting therapy while left ventricular 
systolic function was still preserved resulted in a better clinical outcome [4]. This 
underscores the importance of considering and looking for evidence of cardiac 
involvement in patients with sarcoidosis prior to the appearance of overt or serious 
clinical manifestations of cardiac involvement. 

 In this guidebook, the authors will work to take you through the various aspects 
of cardiac sarcoidosis – from its origins and epidemiology to presentation, diagno-
sis, and management. The reader will also fi nd several clinical vignettes to aid in 
deepening the understanding of the ways in which cardiac sarcoidosis could present 
and what was done to manage its clinical manifestations. 

         Denver ,  CO ,  USA      Howard     D.     Weinberger  ,   MD, FACC, FACP         
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    Chapter 1   
 High Yield Epidemiology 

             Andrew     M.     Freeman     

    Abstract     Sarcoidosis is an intriguing, puzzling, multi-system granulomatous condi-
tion, with multiple confounding manifestations. In this section, the variations in inci-
dence, racial and ethnic factors, and clinical presentation variations will be described 
in detail. Sarcoidosis most often presents in African American persons, particularly in 
cases described in North America, and is usually a disease of early middle age. In some 
parts of the world, such as Japan, the vast majority of deaths from sarcoidosis appear 
to be heart related, and in all likelihood, cardiac involvement is under diagnosed, owing 
to heterogeneous symptoms (and sometimes no symptoms at all), and the bias that 
results from the disease’s fi rst manifestation often being sudden cardiac death.  

        Sarcoidosis Epidemiology 

 Sarcoidosis is an intriguing, puzzling, multi-system granulomatous condition, with 
multiple confounding manifestations that was initially described by Dr. Caeser 
Boeck, a Norwegian dermatologist in 1899. He had described the lesions he saw on 
the skin as “epithelioid cells with large pale nuclei and also a few giant cells [ 1 ]”. 
Prior to that, an English physician, Jonathon Hutchinson, described a patient in 
1877 [ 2 ] whose hands and feet had multiple, raised, purplish cutaneous patches that 
which had developed the preceding 2 years. Hutchinson hypothesized these were 
due to gout, but then realized, later that these were likely a “form of skin disease 
which has hitherto escaped special recognition [ 3 ] (Fig.  1.1 ).”  

 As sarcoidosis is now more widely recognized and with increased rigor in its 
diagnosis, previous, older characterizations of the disease prevalence and incidence 
may be incorrect. Based on more recent work, the disease seems to vary widely 

        A.  M.   Freeman ,  MD, FACC, FACP      
  Division of Cardiology, Department of Medicine ,  National Jewish Health , 
  1400 Jackson St. ,  Denver ,  CO   80206 ,  USA   
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throughout the world in terms of incidence. That said, it remains highly prevalent in 
African Americans, almost three times the annual incidence of white Americans 
(35.5 cases per 100,000, as compared with 10.9 per 100,000) [ 4 ]. The lifetime risk 
of sarcoidosis in African Americans in the United States is quoted at approximately 
2.4 %, compared with a lifetime risk of 0.85 % in Caucasians [ 4 ]. It has also been 
well characterized in many other countries including Japan (incidence of about 2 
cases per 100,000 people) [ 5 ], which has established the well-known Japanese 
Ministry of Health criteria for diagnosis of the disease. The highest reported inci-
dence occurs in northern European countries and is quoted at 5–40 cases per 100,000 
people [ 5 ]. Overall, the disease prevalence is estimated at 20 per 100,000 [ 6 ]. 

 For most cases, sarcoidosis develops before middle age, usually before age 50, 
with peak incidence in early adulthood, ages 20–39. In Japan, the peak incidence is 
in the third decade, while in Americans, the incidence is later in life, usually in the 
fourth decade. Americans affl icted with the disease are also more likely to have 
chronic active disease states and are more likely to succumb to the disease [ 7 ]. 
Interestingly, in Scandinavia, there are two peaks for age of onset: one at 25–29 years 
and the other at 65–69 years of age [ 8 ]. While both sexes are affected, in all coun-
tries women seem to be more commonly affected [ 9 ]. Overall, sarcoidosis presents 
from 10 to 40 years of age in 70–90 % of cases. More than half of all cases are 
detected incidentally by radiography prior to symptoms [ 7 ]. 

 While socioeconomic status doesn’t clearly affect incidence, those of lower 
socioeconomic status are more likely to present later in the disease process due to 
the barriers of low income, lack of access to medical providers, and lower educa-
tional level. Furthermore, if adjusted for race, ethnicity, age, or gender, this higher 
degree of severity in this socioeconomic status persists [ 10 ]. 

 Sarcoidosis can involve nearly any organ system, but is most often found 
 involving the pulmonary system in more than 90 % of the cases reported. Up to 

  Fig. 1.1    A myocardial biopsy obtained via right heart catheterization showing giant cells consis-
tent with sarcoidosis       
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30 % of patients affl icted with the disease have extra-thoracic manifestations [ 7 ]. In 
addition to pulmonary involvement, it most commonly affects the skin, and eyes. 
Cardiac involvement is variable, but is a major cause of morbidity and mortality.  

    Cardiac Sarcoidosis 

 Clinical evidence of myocardial involvement is present in only about 5 % of patients 
with sarcoidosis. However, autopsy studies indicate that subclinical cardiac involve-
ment is present in 20–30 % of cases [ 11 ]. This number may even be higher (as much 
as 39 % [ 12 ]) – likely because the fi rst manifestation of cardiac sarcoidosis can be 
sudden cardiac death and not all patients present in time to have the diagnosis made. 
Myocardial involvement is common in patients with sarcoidosis who have cardiac 
symptoms and unusual in those without such symptoms [ 13 ]. 

 There seem to be signifi cant differences in how cardiac sarcoidosis presents 
among various countries, although comparison among studies is limited owing to 
differing study methodologies. In American studies, 13–25 % of deaths from sar-
coidosis have been attributed to cardiac sarcoidosis while in Japan, 47–85 % of 
deaths from sarcoidosis have been attributed to cardiac involvement [ 14 ]. 
Interestingly in a smaller retrospective study from Haifa, Israel they observed just 2 
of 120 patients with sarcoidosis died of cardiac involvement [ 15 ]. 

 Cardiac sarcoidosis can often result in lethal ventricular tachyarrhythmias or 
conduction block, which accounts for 25–65 % of deaths [ 16 ]. Symptomatic or 
electrocardiographically evident arrhythmias or conduction abnormalities prior to 
sarcoidosis-related sudden death are often evident, if the appropriate screening 
takes place. It should be emphasized that sudden death can occur in the absence of 
a previous cardiac event as the primary event [ 17 ]! 

 Pearls of Wisdom 
     1.    Cardiac Sarcoidosis remains highly prevalent in African Americans, almost 

three times the annual incidence of Caucasian Americans (35.5 cases per 
100,000, as compared with 10.9 per 100,000). The lifetime risk of sarcoid-
osis in African Americans in the United States is quoted at approximately 
2.4 %, compared with a lifetime risk of 0.85 % in Caucasians.   

   2.    The highest reported incidence occurs in northern European countries and 
is quoted at 5–40 cases per 100,000 people.   

   3.    Overall, the disease prevalence is estimated at 20 per 100,000.   
   4.    For most cases, sarcoidosis develops before middle age, usually before age 

50, with peak incidence in early adulthood, ages 20–39.   
   5.    Sarcoidosis can involve nearly any organ system, but is most often found 

involving the pulmonary system in more than 90 % of the cases reported.   
   6.    Clinical evidence of myocardial involvement is present in only about 5 % 

of patients with sarcoidosis. However, autopsy studies indicate that sub-
clinical cardiac involvement is present in 20–30 % of cases.     

1 High Yield Epidemiology
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    Chapter 2   
 Pathophysiology: From Genetics 
to Viruses and More 

             Andrew     M.     Freeman     

    Abstract     Sarcoidosis is thought to occur in patients with some sort of genetic sus-
ceptibility in combination with an environmental exposure. The exact mechanisms 
are multifactorial and unclear, despite numerous leads explored over the years. 
Genetic foci, viruses, fungi, and environmental toxins have all been shown to be 
potentially involved in the development of the disease. Cardiac sarcoidosis develops 
as noncaseating granulomas which may involve the left ventricular free wall, basal 
ventricular septum, right ventricle, papillary muscles, right atrium, and left atrium. 
Cardiac involvement occurs in 20–27 % of sarcoidosis patients in the United States 
and may be as high as 58 % in Japan.  

        The Complicated Origins of Sarcoidosis 

 Sarcoidosis is thought to occur in patients with some sort of genetic susceptibility 
in combination with an environmental exposure, the so-called “two-hit” hypothesis. 
In this scenario, while one may have the genetic predisposition for the disease, it 
usually takes some environmental trigger, i.e. exposure, virus, or other to trigger the 
disease phenotype. This may help to explain the variable incidence throughout the 
world, as exposures, viruses, and other environmental variable are also quite varied 
among different populations. 

 The National Institutes of Health funded the multi-center ACCESS study (A Case-
Control Etiologic Sarcoidosis Study) that investigated more than 700 patients and 
almost 30,000 relatives in an effort to identify the causative agent(s) for sarcoidosis, 
but unfortunately, no single agent or genetic locus was found to be responsible [ 1 ]. 
However, many potential leads into the causality of the disease were discovered. 

 There are some familial clusters of sarcoidosis known which is felt to be a genetic 
component with linkage to a section within major histocompatibility complex (MHC) 

        A.  M.   Freeman ,  MD, FACC, FACP       
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on the short arm of chromosome six. Familial clusters can occur with a rate of at least 
19 % in African American families and only 5 % in Caucasian families. Monozygotic 
twins are more commonly affected than dizygotic twins [ 2 ]. Several alleles appear 
to confer susceptibility to disease (HLA DR 11, 12, 14, 15, 17) and others seem to 
be protective (e.g., HLA DRI, DR4, and possibly DQ*0202) [ 3 ]. Multiple serologic 
studies have identifi ed primary associations with class I HLA-A1 and B8 and class II 
HLA-DR3 in Caucasians [ 4 ] In the ACCESS study described above, which included 
over 700 patients, over 27,000 fi rst- and second-degree relatives were studies. 
ACCESS demonstrated increased risk in fi rst-degree relatives for the development of 
sarcoidosis (odds ratio 4.7, 95 % CI 2.3–9.7). This risk was even greater for relatives 
of Caucasian patients than for African American patients (OR 18.0 versus 2.8) [ 1 ] 

 As of this publication, two human genome scans for loci associated with sarcoid-
osis have been completed. One study of Caucasian Germans, demonstrated strong 
association with chromosomes 3p and 6p [ 5 ], while the other study conducted in 
African Americans discovered the strongest signals at chromosomes 5p and 5q [ 6 ]. 
As one could imagine, outcomes of genome scans tend to be infl uenced by the 
populations studied. 

 Angiotensin-converting enzyme (ACE) genes have also been implicated, possi-
bly suggesting why African Americans might be more affl icted by this disease pro-
cess [ 7 ]. However, there is still no clear linkage between this genetic locus and 
causality of sarcoidosis. As a diagnostic tool, serum ACE measurements lack sensi-
tivity and specifi city. In one study, the positive and negative predictive values were 
only 84 and 74 %, respectively [ 8 ]. 

 In delving deeper into genetics, T-cell makeup has been studied extensively. 
Lymphocytes inside of sarcoidosis granulomas are typically CD4+ T cells, while 
peripheral T cells are also CD4+ with CD8+ T cells [ 9 ]. When bronchoalveolar 
lavage has been performed in sarcoidosis patients, the aspirate shows increases in 
cellularity whereas periphery shows relative lymphopenia. Finally, CD1d-restricted 
natural killer cells (CD1d-rNKT cells), are decreased or absent in both the periph-
eral blood and BAL fl uid, regardless of disease activity [ 10 ]. Many groups have also 
studied T-cell receptors with defi nitive etiology in the pathogenesis of sarcoidosis 
confi rmed [ 11 ]. 

 Along with T-cell and T-cell receptor pathology, there have been several reports 
of common variable immunodefi ciency concurrent with cases of sarcoidosis in 
the literature. A 1996 series found 8 cases of common variable immunodefi ciency 
(CVID) out of 80 patients with sarcoidosis and noted that 22 other cases had been 
reported in the literature [ 12 ]. 

 Vitamin D receptor polymorphisms have been reported in Japanese patients with 
sarcoidosis [ 13 ]. Along with the vitamin D and calcium regulation pathways, cal-
citriol is often a key player in the disease state. As calcitriol has been found to be 
produced by activated pulmonary macrophages, derailment of calcium homeostasis 
often accompanies the sarcoidosis disease state. While, the signifi cance of calcitriol in 
the pathogenesis of sarcoidosis is not known, it is in part responsible for the hypercal-
ciuria and hypercalcemia that are frequently encountered clinically, and may even be 
implicated in nephrolithiasis that often accompanies these disease states (Table  2.1 ).
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   Since sarcoidosis is most often found in organs the directly interface to the envi-
ronment (skin, eyes, lungs), it has been hypothesized that an environmental or toxic 
trigger would be found to cause the disease. Only beryllium salts (seen often at the 
author’s institution in Denver, Colorado where beryllium mining is common) have 
been noted to create granulomas similar in appearance to those of sarcoidosis [ 14 ]. 
Another environmental exposure has also recently been identifi ed. In this report, 
exposure to high humidity workplaces or water damage in association with a genetic 
susceptibility with the HLA-DQB1 locus has been found to be potentially causative 
in sarcoidosis [ 15 ]. 

 In the 1960s, Dr. Siltzbach and colleagues created the Kviem-Siltzbach antigen, 
a derivative from human sarcoidosis tissue samples, which when injected intra-der-
mally, was able to create granulomatous infl ammation for 70 % of patients for about 
6 weeks [ 16 ]. Further studies of this antigen did not demonstrate defi nitive causality 
of this agent (Table  2.2 ).

   Much attention has been given to pathologic organisms such as viruses, bacteria, 
and mycobacterial diseases. For mycobacteria, a number of studies, including those 
using hybridization techniques and PCR, have found evidence of  M. tuberculosis  in 
sarcoidosis tissue. Unfortunately, as mycobacteria are notoriously diffi cult to cul-
ture, these results have not been easily reproduced [ 17 ]. One particularly important 

   Table 2.1    Potential etiologies of sarcoidosis         

 Genetics: chromosomal abnormalities, angiotensin-converting enzyme genes 
 T cell abnormalities 
 T cell receptor abnormalities 
 Vitamin D receptor gene abnormalities 
 Viruses: HHV 
 Mycobacterial diseases and acid-fast cell wall-defi cient organisms 
 Beryllium exposure 
 Humidity/water damage exposure 
 Propionibacterium 
 Common variable immunodefi ciency 
 Other environmental exposures 
 Fungal infections/exposures 

  Table 2.2    Differential 
diagnosis of sarcoidosis  

 Mycobacterial infection 
 Fungal infection 
 Beryllium lung disease 
 Hypersensitivity pneumonitis HP 
 Wegener’s granulomatosis 
 Collagen vascular disease 
 Lymphoma 
 Other infections 
 Drug/toxins 

2 Pathophysiology: From Genetics to Viruses and More
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study demonstrated the growth of acid-fast cell wall-defi cient forms of bacteria 
sources from blood samples of 19 of 20 patients with sarcoidosis, which did not 
grow in the 20 controls [ 18 ]. Further analysis of these isolated organisms stained 
positively with an antibody raised against M. tuberculosis. Unfortunately, it was not 
possible to determine if these organisms were causative. A large case-control study 
subsequently found no clear differences in the cell walls of organisms in the blood 
of sarcoidosis patients [ 19 ]. 

 One more common organism, responsible for acne in many populations,  propi-
onibacterium , has been thought to be involved in sarcoidosis pathogenesis. This 
organism is now considered to possibly activate the immune system to create the 
environment to develop sarcoidosis [ 20 ]. 

 Viruses have also been given some of the blame for the development of sarcoid-
osis. Most notably, human herpes virus 8 has been implicated, particularly in lung 
biopsies of affl icted patients [ 21 ]. Unfortunately, no other studies looking at this 
herpes etiology could confi rm these fi ndings [ 22 ]. 

 An interesting pilot study from 2007 reported the empiric use of anti-fungal 
drugs combined with corticosteroids for up to 6 months in 18 patients resulted in 
improvement of clinical symptoms, chest X-ray imaging, and pulmonary function 
testing [ 23 ]. This is has not yet been replicated. 

 In short, much work has been completed into the etiologic search for sarcoidosis 
without any clear pathway to disease development. Ultimately, future immunoge-
netic research will likely yield more answers. Until then, continued screening, eval-
uation, and keeping sarcoidosis on the differential is critical to discovering those 
patients who have the disease but who may otherwise go unrecognized, with often 
dire consequences. 

 The clinical manifestations of sarcoidosis are dependent on both the develop-
ment and location of granulomas. Cardiac sarcoidosis develops as noncaseating 
granulomas which may involve the left ventricular free wall, basal ventricular sep-
tum, right ventricle, papillary muscles, right atrium, and left atrium develop [ 24 ]. 
Histopathology of cardiac sarcoidosis suggests three successive stages: edema, 
granulomatous infi ltration, and fi brosis and scar formation. Biopsy pathology dem-
onstrates the presence of numerous lymphocytes in the border zones around the 
granulomas with a dense band of fi broblasts, collagen fi bers, and proteoglycans 
which encircle an aggregate of infl ammatory cells [ 24 ]. 

 Cardiac involvement occurs in 20–27 % of sarcoidosis patients in the United 
States and may be as high as 58 % in Japan [ 25 ]. The prevalence of cardiac fi ndings 
in cardiac sarcoidosis is variable and includes complete heart block, bundle branch 
block, ventricular tachycardia, congestive heart failure, and sudden cardiac death 
most commonly (12–75 % of the time) [ 2 ]. 

A.M. Freeman
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 Pearls of Wisdom 
     1.    Sarcoidosis is thought to occur in patients with some sort of genetic sus-

ceptibility in combination with an environmental exposure, the so-called 
“two-hit” hypothesis.   

   2.    The National Institutes of Health funded the multi-center ACCESS study 
(A Case-Control Etiologic Sarcoidosis Study) that investigated more than 
700 patients and almost 30,000 relatives in an effort to identify the caus-
ative agent(s) for sarcoidosis, but unfortunately, no single agent or genetic 
locus was found to be responsible.   

   3.    Genetic loci have been found to be linked to cases of sarcoidosis in some 
populations.   

   4.    Potential causes for the disease include viral infections, fungal infections, 
bacterial infection, humidity, and environmental toxins.   

   5.    Histopathology of cardiac sarcoidosis suggests three successive stages: 
edema, granulomatous infi ltration, and fi brosis and scar formation.     
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    Chapter 3   
 Clinical Presentations 

             Howard     D.     Weinbeger     

    Abstract     Cardiac sarcoidosis is a true chameleon of disease in that it can present 
like many other cardiac and pulmonary conditions and hide the true etiology of 
sarcoidosis. Manifestations can be as mild as asymptomatic fi rst degree AV block to 
the more severe and potentially lethal ventricular arrhythmia or high degree heart 
block, severe valvular disease or cardiomyopathy and heart failure. There is no stan-
dard or routine test for cardiac sarcoidosis and its diagnosis depends on an expert 
team, a careful history and physical, and appropriate testing.  

     Cardiac sarcoidosis may present symptomatically in several different ways, may 
present with relatively non-specifi c symptoms, or may be identifi ed in an asymptom-
atic individual. The true incidence of cardiac involvement is diffi cult to determine 
due to the lack of a highly sensitive and specifi c “gold standard” test, as well as the 
apparent differences from country to country. For example, in the United States 
13–25 % of deaths in patients with sarcoidosis are due to cardiac sarcoidosis while 
in Japan 47–85 % of deaths in patients with sarcoidosis are due to cardiac sarcoid-
osis. Because of these and other limitations, cardiac sarcoidosis is likely under diag-
nosed. Most studies report an incidence of ~5 % while autopsy studies suggest up to 
70 % of patients with sarcoidosis have cardiac involvement [ 1 ]. Unfortunately, the 
fi rst clinical manifestation of cardiac sarcoidosis may be sudden cardiac death or a 
life threatening conduction abnormality or arrhythmia. This underscores the impor-
tance of considering and looking for evidence of cardiac involvement in patients 
with sarcoidosis before a serious or life threatening complication occurs. 

 Clinically symptomatic presentations include conduction abnormalities such as 
complete heart block and syncope, AV block, bundle branch block, tachyarrhyth-
mias (classically ventricular arrhythmias, and more recent appreciation that atrial 
arrhythmias may be the fi rst indication of cardiac sarcoidosis) [ 2 ], ventricular and 
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atrial ectopy, cardiomyopathy, congestive heart failure, sudden cardiac death, valvu-
lar dysfunction, coronary artery vasculitis, and pericardial disease. 

 Complete heart block has been reported as the most common clinical presenta-
tion of cardiac sarcoidosis, and occurs at a younger age than those that have com-
plete heart block from non-cardiac sarcoidosis causes [ 1 ,  3 ,  4 ]. Ventricular 
tachycardia, both sustained and non-sustained and frequent ventricular ectopy are 
the second most common clinical presentation of cardiac sarcoidosis [ 1 ]. Both heart 
block (Fig.  3.1 ) and ventricular arrhythmias may cause syncope, which may be the 
initial presentation.  

 Cardiac sarcoidosis may be mis-diagnosed as arrhythmogenic right ventricular 
cardiomyopathy (ARVC) [ 1 ,  5 – 7 ]. Cardiac sarcoidosis should be considered in 
patients with non-ischemic cardiomyopathy, left ventricular systolic dysfunction and 
congestive heart failure. Congestive heart failure is the second most common cause 
of death, following sudden cardiac death, in patients with cardiac sarcoidosis. 

 Valvular dysfunction most often involves the mitral valve, and is more com-
monly due to papillary muscle dysfunction as a result of myocardial involvement 
(Fig.  3.2 ). Pericardial effusion may occur, and the fi rst reported case of cardiac 
sarcoidosis was that of pericardial granulomas [ 8 ].  

 Patients with cardiac sarcoidosis may present with a variety of non-specifi c symp-
toms including palpitations, chest pain, and dyspnea. The electrocardiogram may be 
abnormal in up to 50 % of patients with sarcoidosis without clinically evident cardiac 
involvement [ 1 ,  4 ]. These abnormalities may be mild and non-specifi c such as a frag-
mented QRS complex, atrio-ventricular block or bundle branch block [ 9 ,  10 ]. 
A patient with sarcoidosis and possible cardiac related symptoms or any abnormality 
on the electrocardiogram should under go further evaluation for cardiac sarcoidosis. 

 Because there is no “gold standard” test for cardiac sarcoidosis and serious or 
life threatening complications may be the initial clinical presentation, keeping a 
high index of suspicion and a low threshold to pursue evaluation for possible  cardiac 
involvement in patients with sarcoidosis is imperative. 

  Fig. 3.1    Complete heart block       
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 Pearls of Wisdom 
     1.    There is no gold standard test for cardiac sarcoidosis.   
   2.    Clinical presentations vary from no clinically noticeable symptoms to 

marked dyspnea, syncope, fatigue and more.   
   3.    The fi rst manifestation of cardiac sarcoidosis can be sudden cardiac death.     
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    Chapter 4   
 Standard Screening for Cardiac Sarcoidosis 

             Andrew     M.     Freeman     

    Abstract     Arrhythmia, heart failure, valvular dysfunction, heart block, pericardial 
disease, and sudden cardiac death are just some of the potential manifestations of 
cardiac sarcoidosis. A high clinical index of suspicion and regular surveillance in 
appropriate individuals is an important clinical management philosophy. 
Unfortunately, the severity of pulmonary disease does not predict cardiac involve-
ment, and cardiac involvement can often present after pulmonary improvement. 
Electrocardiography, echocardiography, signal-averaged ECG, ambulatory teleme-
try monitoring, and cardiac magnetic resonance imaging are all helpful in the diag-
nosis and surveillance of cardiac sarcoidosis. Ambulatory monitoring has emerged 
as one of the more powerful tools to detect cardiac involvement, though an emerg-
ing composite scoring system may help even further.  

        Screening 

 Cardiac sarcoidosis is one of the most feared manifestations of the sarcoidosis dis-
ease complex. Arrhythmia, heart failure, valvular dysfunction, heart block, pericar-
dial disease, and sudden cardiac death are just some of the potential manifestations 
of the disease. A high clinical index of suspicion and regular surveillance in appro-
priate individuals is of the utmost importance. As previously mentioned, cardiac 
sarcoidosis can have its fi rst manifestation be sudden cardiac death. As such, timely 
diagnosis before a lethal complication presents is critical. 

 It is imperative that clinicians caring for sarcoidosis patients recognize that car-
diac involvement may precede, follow, or occur simultaneously with pulmonary 
involvement or other organs. In an analysis of 52 patients with cardiac sarcoidosis 
from Germany, about one-third of the cases cardiac involvement became apparent 
after the lung changes had already normalized [ 1 ]. The severity of pulmonary 
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 disease does not predict cardiac involvement [ 2 ]. In short, a healthcare provider 
should always be on the lookout for cardiac sarcoidosis, even when the lung disease 
is quiescent. 

 There is no gold standard for the diagnosis of cardiac sarcoidosis. Guidelines for 
diagnosing cardiac sarcoidosis have been published by the Japanese Ministry of 
Health and Welfare (JMHW) and are frequently referenced and followed in making 
the diagnosis of cardiac sarcoidosis [ 3 ]. However, it is not clear if these guidelines 
are generalizable to other groups (Table  4.1 ).

   Cardiac magnetic resonance imaging (cMRI) and cardiac 18-fl ouro- 
deoxuyglucose positron emission tomography (FDG-cPET) are being utilized as 
noninvasive diagnostic tests of choice for cardiac sarcoidosis. However, both cMRI 
and FDG- cPET are expensive, not readily available, and are likely not the best 
choice for routine screening. 

 In this chapter, we will review screening for cardiac sarcoidosis using the more 
readily available clinical tools of electrocardiography, signal-averaged ECG, ambu-
latory monitoring, and echocardiography.  

    Electrocardiography 

 Simple, inexpensive, and readily available characterize electrocardiography (ECG). 
Unfortunately, due to the short time frame of sampling with ECG, many fi ndings 
may be missed, especially intermittent conduction disease. Complete heart block is 
the most common fi nding in patients with clinically evident cardiac sarcoidosis. 
Heart block often occurs at a younger age in patients with sarcoidosis than in indi-
viduals with complete heart block due to other etiologies [ 4 ]. First-degree AV block 
(PR prolongation) due to atrio-ventricular nodal disease or bundle of His, and other 

   Table 4.1    Japanese Ministry of Health criteria for cardiac sarcoidosis   

  Histologic diagnosis  
 Endomyocardial biopsy demonstrating noncaseating epithelioid granulomas 
  Clinical diagnosis  
  Suspect cardiac sarcoidosis with  ( a ) +  one other  
 (a)  Complete right bundle branch block, AV block, ventricular tachycardia, ventricular 

premature beats or pathologic Q wave or ST-T changes on the electrocardiogram 
 (b) Abnormal wall motion, regional wall thickening, or left ventricular dilation 
 (c)  Perfusion defect on myocardial perfusion imaging or abnormal accumulation of 67-Gallium 

citrate or 99mTc-PYP myocardial scintigraphy 
 (d)  Abnormal intracardiac pressure, low cardiac output, or abnormal wall motion or reduced 

ejection fraction of the left ventricle 
 (e)  On endomyocardial biopsy, interstitial fi brosis or more than moderate cellular infi ltration, 

even if the fi ndings are nonspecifi c 

  Adapted from Hiraga et al. [ 3 ]  

A.M. Freeman



17

intraventricular conduction diseases are frequently seen [ 5 ]. It is important to note 
that most of these issues may initially be silent but can often rapidly progress to 
complete heart block, marked bradycardia, and syncope. A low threshold to per-
form an ECG at a moment’s notice should be part of the clinical toolbox available 
to sarcoidosis patients without currently known cardiac involvement. 

 As the sarcoidosis disease process develops, granulomas can develop in almost 
any tissue. As they develop in the heart, substrate for arrhythmia is created in that 
granulomas can effectively block or redirect conduction. Since granulomas develop 
into scar, they do not conduct electrical impulses, and can create islands of non- 
conducting tissue that have the potential to develop arrhythmia. Areas of active 
infl ammation may also create areas of automaticity leading to re-entrant dysrhyth-
mias. Ventricular arrhythmias are the second most common presentation of cardiac 
sarcoidosis. This includes both sustained and non-sustained ventricular tachycar-
dias. As many as 22 % of patients with sarcoidosis may demonstrate ventricular 
arrhythmia on ECG [ 6 ]. 

 In clinical practice, and in the electrophysiology realm (see Chaps. 8, 9, and 12), 
atrial sarcoidosis has been described creating virtually any atrial dysrhythmia such 
as atrial fi brillation, atrial fl utter, and atrial tachycardia. 

 In any person with otherwise unexplained ventricular arrhythmia, heart block, or 
conduction disease, a search for sarcoidosis involving the conduction system should 
be part of the workup.  

    Signal-Averaged ECG 

 Signal Averaged ECG (SAECG) is a simple non-invasive electrocardiographic test 
that detects low amplitude signals at the end of the QRS complex that are known as 
“late potentials” [ 7 ]. SAECG has been used clinically to identify patients at 
increased risk of ventricular arrhythmias [ 8 ] after myocardial infarction or with 
arrhythmogenic right ventricular dysplasia. In one study, SAECG was abnormal in 
46 % of patients with pulmonary sarcoidosis with no clinical evidence of cardiac 
sarcoidosis [ 9 ]. The presence or absence of cardiac sarcoidosis was not confi rmed 
by imaging modalities in that study. 

 A recent study by Schuller et al. [ 10 ] evaluated patients with suspected cardiac 
sarcoidosis as defi ned by Japanese Ministry of Health criteria and/or delayed gado-
linium contrast enhancement on cardiac MRI. In this study, they found 27 of 88 
patients included had cardiac sarcoidosis based on JMHW criteria with MRI. The 
authors found the sensitivity of SAECG detection of cardiac sarcoidosis was 52 % 
with a specifi city of 82 %. In addition, they calculated a positive predictive value 
(PPV) of 0.56 and a negative predictive value (NPV) of 0.79. Within a subgroup of 
the 67 patients with an unfi ltered QRS duration of <100 ms, they found the specifi c-
ity for diagnosing cardiac sarcoidosis improves to 100 % with a reduced sensitivity 
of 36.8 % (Table  4.2 ).

4 Standard Screening for Cardiac Sarcoidosis
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       Echocardiography 

 In sarcoidosis patients without an obvious cause for heart failure, cardiac sarcoid-
osis rises to the top of the differential diagnosis. Echocardiography makes it easy 
assess ventricular function as well as any potential valvular involvement or wall 
motion abnormality. In patients with other known cardiac abnormalities such as 
those found in the conduction system, echocardiography should be performed. 

 In a study by Burstow et al. echocardiographic changes were detected in 14 % of 
patients with systemic sarcoidosis, but in another 11 %, echocardiogram was within 
normal limits although there were signifi cant clinically unexplained conduction 
abnormalities likely related to sarcoidosis [ 11 ]. 

 Possible abnormalities seen on echocardiography include left ventricular cav-
ity enlargement, septal wall thinning (particularly of the basal segment) or seg-
mental wall motion abnormalities of the left ventricle, left ventricular aneurysm, 
valvular regurgitation. Also possible is mitral valve prolapse, but this is not spe-
cifi c to cardiac sarcoidosis involvement. Right ventricular dilatation and hypoki-
nesis can be seen as well, particularly with extensive pulmonary involvement, 
and with development of pulmonary hypertension. There are several reports of 
hyperechoic (commonly referred to as “sparkling”) signal of the left ventricular 
myocardium when there is granulomatous involvement and scar formation [ 12 ] 
(Fig.  4.1 ).  

 Sarcoidosis lesions of the myocardium may show up with an increased myocar-
dial wall thickness, simulating left ventricular hypertrophy, or increased interven-
tricular septal thickness, resembling hypertrophic cardiomyopathy. 

 If wall motion abnormalities are present from cardiac sarcoidosis, they usually 
do not follow typical coronary distributions. It is of course certainly possible to have 
coexistent coronary disease, and ischemia should be sought as a cause of wall 
motion abnormalities in appropriate individuals. 

 Pulmonary hypertension, described in Chap.   13    , is often detected with echocar-
diography in patients with pulmonary hypertension. In these cases, elevated right 
ventricular systolic pressure in the setting of right heart dysfunction often suggests 
this disease process. This diagnosis must be confi rmed with directly measured val-
ues via a right heart catheterization. The World Health Organization classifi es this 
as group V pulmonary hypertension (pulmonary hypertension due to underlying 
systemic diseases).  

  Table 4.2    Criteria for 
abnormal signal averaged 
ECGs  

 Criteria used for establishing positive signal-averaged ECG 

 1. Noise must be less than 0.3 to be interpretable 
 2. Filtered QRS: ≤124 ms in males; ≤116 ms in females 
 3. HFLA/LAS: ≤42 ms in males and females 
 4. Root Mean Square (RMS): ≥16 in males; ≥15 in females 

  Items 2–4 above are the domains and the number of abnormal 
domains over the denominator of 3 should be reported  
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    Ambulatory Electrocardiographic Monitoring 

 Ambulatory electrocardiographic monitoring, most often known as Holter or mobile 
telemetry monitoring, reduces the problem of too short of a sampling period with a 
standard ECG. Using either 24 or 48 h monitoring, clinicians can determine not only 
if there is a conduction defect, but can also signifi cantly monitor the burden of arrhyth-
mia, ventricular ectopy, and even evaluate for atrial arrhythmias, Ambulatory ECG 
monitoring has proven itself as the most useful of the non-imaging modalities [ 2 ]. 

 In a small study of 38 patients [ 13 ] with systemic sarcoidosis referred for 
 cardiologic evaluation, 7 of 12 patients (67 %) with confi rmed cardiac sarcoidosis 
had >100 premature ventricular contractions per day as compared to only 8 % of the 
26 patients without cardiac sarcoidosis. In that study, only 5 % of 58 healthy con-
trols had this degree of ventricular ectopy. This study demonstrated that Holter 
monitoring has a sensitivity of 67 % and a specifi city of 80 % [ 13 ]. 

 Many centers use Holter monitoring as part of the yearly surveillance of patients 
with sarcoidosis, as it represents a very inexpensive yet thorough assessment of the 
cardiac conduction system. It has also been the basis for many ICD implants, in that 
non-sustained ventricular tachycardia detected on such a device often necessitates 
additional workup such as electrophysiology study, advanced imaging such as car-
diac MRI to determine scar burden, and more. 

 Sudden cardiac death (SCD) due to ventricular tachyarrhythmias or serious con-
duction block accounts for up to 65 % of deaths due to cardiac sarcoidosis [ 14 ]. 
While many patients with known systemic sarcoidosis develop symptomatic 

  Fig. 4.1    Likely locations of cardiac sarcoidosis involvement (From Bargout and Kelly [ 18 ] with 
permission)       
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 conduction disease on electrocardiogram prior to sarcoidosis-related sudden death, 
many patients do not. It is important to underscore the understanding that sudden 
cardiac death (SCD) can occur in the absence of symptoms or a previous cardiac 
event [ 15 ].  

    A Word About Endomyocardial Biopsy 

 While one would think that tissue diagnosis is the best for many enigmatic diseases, 
cardiac sarcoidosis is challenging to capture this way. Detection of non-caseating 
granulomas is indeed the “gold standard” for diagnosis of cardiac sarcoidosis but is 
often diffi cult to perform reliably owing to the patchy nature of the disease. This patch-
iness leaves islands of entirely normal tissue adjacent to signifi cantly diseased granu-
lomatous tissue. As such, a right heart catheterization with endomyocardial biopsy is 
prone to “missing” the areas of diseases tissue and is only recommended if the patient 
lacks histological confi rmation of non-caseating granulomas from any other source. 

 As sarcoidosis experts will often recount, a right heart myocardial biopsy has a 
low sensitivity, sometimes quoted at around 20 % [ 16 ]. This may be signifi cantly 
lower in those with normal ventricular function. Additionally, since myocardial 
granulomas tend to affect the basal and lateral left ventricular walls, these are often 
not biopsied due to the potential risk for serious complication such as stroke, perfo-
ration, embolus, or death (see a more in depth discussion of endomyocardial biopsy 
in Chap.   8    ).  

    Putting It All Together 

 As you have seen in this chapter, establishing the diagnosis of cardiac sarcoidosis 
by commonly available modalities is challenging. As the proliferation of advanced 
imaging studies such as cardiac MRI and cardiac 18-FDG-PET are still not widely 
available, making use of all available screening tools is essential. 

 While no modality is best, the highest yield modality is ambulatory ECG moni-
toring (Holter monitoring) and is recommended by the author as a screening tool in 
selected and appropriate individuals owing to low cost, ease of administration, and 
good results. 

 A recent study published in 2013 [ 17 ] by some of the authors of this book evalu-
ated a scoring system (see Tables  4.3a  and  4.3b ) which was able to take all of the 
potential screening modalities a patient might undergo to help predict who might 
have a positive cardiac MRI or cardiac 18-fl ouro-deoxuyglucose positron emission 
tomography. In this study, sensitivity and specifi city of the various modalities were 
also reported (see Table  4.4 ) The results indicated that combining all of the available 
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modalities correlated with the likelihood of a positive MRI or PET: A 1-point 
increase in total score increased the probability of positive cardiac MRI or cardiac 
18-fl ouro-deoxuyglucose positron emission tomography by 14 % (P = 0.01) [95 % 
CI: a 3–25 % increase]. The scoring system seemed to be driven more by cardiac 
MRI over cardiac 18-fl ouro-deoxuyglucose positron emission tomography: In 
patients who had cardiac MRI alone, for each 1-point increase in total score, the 
probability of positive cardiac MRI increases 11 % [95 % CI: a 1 % decrease – 25 % 
increase, P = 0.08].

   Table 4.3a    Proposed cardiac sarcoidosis scoring criteria [ 17 ]   

 Criteria  Major  Minor 

 EKG/ambulatory monitoring  VT  Supraventricular arrhythmia 
 2nd degree Type II  1st degree AV block 
 3rd degree block  RBBB 

 LBBB 
 PVC 
 Other atrioventricular block 
 Conduction delays 

 SAECG  Each abnormal domain 
 Echocardiogram  LV systolic dysfunction 

(EF <55 %) 
 RV systolic dysfunction 
 Wall motion abnormalities 
 Wall thinning 
 Diastolic dysfunction 

 EP study (if performed for a 
clinically indicated reason) 

 Monomorphic VT  Polymorphic VT 
 Abnormal voltage mapping 
 Conduction delays 

 Myocardial perfusion stress 
test 

 Reverse perfusion defect (stress 
images exhibit greater perfusion 
than rest) 

   Table 4.3b    Proposed minor criteria score (per item listed) [ 17 ]   

 1 point  2 points  3 points 

 Diastolic dysfunction  Supraventricular arrhythmia  Abnormal voltage 
mapping 

 Wall thinning  LBBB  Conduction delays on 
EP study  RV dysfunction  Abnormal SAECG domain 

 RBBB  Reverse SPECT perfusion defect (stress 
images exhibit greater perfusion than rest)  1st Degree AV block 

 Wall motion 
abnormalities 

   LV  left ventricle,  RV  right ventricle,  AV  atrioventricular,  VT  ventricular tachycardia,  EP  electro-
physiology,  RBBB  right bundle branch block,  LBBB  left bundle branch block,  PVC  premature 
ventricular contraction  
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   Table 4.4    Summary of diagnostic procedures’ sensitivities and specifi cities for a positive imaging 
result (a positive cMRI or a positive FDG-cPET) [ 17 ]   

 Procedure   n  
 Sensitivity 
(%) 

 Specifi city 
(%)  PPV  NPV 

  Echocardiography : any major or minor 
fi nding 

 64  62  29  60  32 

   Echocardiography: major fi nding (reduced 
LVEF) 

 32  32  70  70  32 

   Echocardiography: minor fi nding (RV 
systolic dysfunction, wall motion 
abnormalities, wall thinning, diastolic 
dysfunction) 

 54  55  33  56  32 

  ECG : minor fi nding a   55  58  55  66  46 
   ECG: VT or AV block  30  26  64  56  33 
  Ambulatory monitoring : any major or minor 
fi nding 

 47  89  21  62  57 

   Ambulatory monitoring: major fi nding  17  73  67  80  57 
   Ambulatory monitoring: minor fi nding  37  85  24  57  57 
  Signal averaged ECG : any abnormal domain  49  28  80  67  43 
  Nuclear stress testing   25  53  50  62  42 
  EP study   29  40  71  60  53 

  Sample sizes do not sum because negative fi ndings were utilized to calculate PPV/NPV 
  FDG-cPET  cardiac 18-fl ouro-deoxuyglucose positron emission tomography,  cMRI  cardiac mag-
netic resonance imaging,  ECG  electrocardiogram,  VT  ventricular tachycardia,  AV  atrio-ventricular, 
 EP  electrophysiology,  PPV  positive predictive value,  NPV  negative predictive value 
  a There were no major ECG fi ndings in any subject  

 Pearls of Wisdom 
     1.    Any cardiac structure can be involved in cardiac sarcoidosis.   
   2.    Arrhythmia, heart failure, valvular dysfunction, heart block, pericardial 

disease, and sudden cardiac death are just some of the potential manifesta-
tions of cardiac sarcoidosis.   

   3.    Regular surveillance may be appropriate in selected individuals.   
   4.    Do not rely on lung function or lung involvement to decide when to screen 

for cardiac sarcoidosis.   
   5.    Consider regular ECG and ambulatory ECG monitoring as they are low 

cost and readily available to help monitor for evidence of cardiac 
sarcoidosis.   

   6.    Consider a composite scoring system to help predict which patients may 
have positive imaging and are more likely to have cardiac sarcoidosis.     
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    Chapter 5   
 Diagnosis II: Imaging of Cardiac Sarcoidosis 
with Cardiac MRI, PET and SPECT 

             Joyce D.     Schroeder       and     Brett     Fenster     

    Abstract     Imaging protocols in Cardiac MRI, PET and SPECT provide a rich set of 
tools for the evaluation of myocardial scar, edema, infl ammation, anatomy, func-
tional abnormalities and associated features of cardiac sarcoidosis. Cardiac magnetic 
resonance imaging (MRI) employs delayed hyperenhancement (DHE) sequences for 
the detection of bright (high signal intensity) scar in the myocardium as well as T2 
imaging for infl ammation and cinematic movie imaging for anatomic and functional 
evaluation. PET/CT assesses for hypermetabolic infl ammation within the myocar-
dium using a PET protocol designed to suppress normal myocardial glucose uptake. 
Nuclear medicine Technetium (99mTc) sestamibi myocardial single-photon emis-
sion computed tomography (SPECT) assesses for “reverse distribution”, perfusion 
abnormalities seen on rest imaging that are not present on stress imaging that may 
suggest microvascular constriction in myocardial sarcoidosis. However, Cardiac 
MRI, PET and SPECT imaging modalities are not individually specifi c for cardiac 
sarcoidosis and the role of imaging in the diagnosis and followup of cardiac sarcoid-
osis requires careful integration with laboratory and clinical data.  

        Role of Cardiac MRI in the Diagnosis of Cardiac Sarcoidosis 

 Cardiac magnetic resonance imaging (MRI) is a useful tool in the diagnosis of car-
diac sarcoidosis primarily through the use of delayed hyperenhancement (DHE) 
sequences for the detection of bright (high signal intensity) scar in the myocar-
dium. T2 weighted imaging is used for the detection of high signal intensity acute 
edema or infl ammation. Although the detection of delayed hyperenhancement in 
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the myocardium is not a specifi c sign for cardiac sarcoidosis, the MRI fi ndings can 
be used as a complement to other imaging modalities and clinical and laboratory 
data in the diagnostic evaluation process. In a study of 81 patients with sarcoid-
osis, Patel et al. reported that delayed enhancement cardiac MRI is more than 
twice as sensitive for cardiac involvement as current (2009) consensus criteria 
[ 1 ]. In a study of 155 patients with systemic sarcoidosis, Greulich et al. report the 
presence of myocardial scar indicated by late gadolinium enhancement was the 
best independent predictor of potentially lethal events, yielding a Cox hazard ratio 
of 31.6 [ 2 ]. 

 In addition to the use of DHE sequences for the detection of scar, typical 
Cardiac MRI protocols provide whole heart evaluation including cardiac anatomy, 
wall motion, function and perfusion as well as the evaluation of the mediastinum, 
hila and lungs for extra-cardiac signs of sarcoidosis. Cardiac MRI provides sub-
stantial advantages over other imaging modalities in the evaluation of the heart, 
including multi-sequence evaluation without ionizing radiation, higher spatial 
resolution than myocardial SPECT imaging, and greater tissue characterization 
than computed tomography (CT) or echocardiogram. In addition to diagnosis of 
disease, DHE imaging may also be useful for assessment of response to steroid 
therapy. 

 Although Cardiac MRI exams have typically been relatively long in duration 
for the patient (up to an hour), with the advent of streamlined MRI protocols, 
faster MRI hardware and a larger base of experienced MRI Technologists, 
Cardiac MRI exams are increasingly becoming a routine part of imaging depart-
ment workfl ows.  

    Cardiac MRI Techniques 

 A typical Cardiac MRI protocol for the evaluation of cardiac sarcoidosis uses 
multiple sequences [ 3 – 5 ], as illustrated in Fig.  5.1 . Scout images are performed 
to orient the imaging planes. Dark blood, T2 weighted and inversion recovery 
sequences are performed to assess anatomy and to assess the myocardium for 
evidence of high signal intensity edema or inflammation. Cinematic (cine), or 
movie, ECG-gated sequences generate time-resolved imaging of cardiac 
motion in the short axis (SA), horizontal long axis (HLA) and vertical long axis 
(VLA) planes. Cine three- chamber sequences demonstrate left ventricular (LV) 
inflow and outflow. After the administration of gadolinium- based intravenous 
contrast, dynamic perfusion images are acquired to assess for myocardial per-
fusion defects or scar. Perfusion images are often acquired in two planes, SA 
and HLA. Post-contrast axial images are acquired through the chest for evalu-
ation of the mediastinum, hila and lungs.  
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 The technique of delayed hyperenhancement (DHE) imaging uses an initial 
T1 scout sequence for determination of the correct inversion time in order to 
produce nulling (or dark signal intensity) of the myocardium. The correct inver-
sion time is selected by the MR technologist or physician visually inspecting the 
T1 scout images; the inversion time is selected that shows uniform dark signal 
intensity within the myocardium. This inversion time is used for subsequent 
delayed images, typically acquired at 10–15 min after the intravenous contrast 
injection for the left  ventricle. DHE images are usually acquired in three planes: 
SA, HLA and VLA. DHE imaging can also be targeted for the right ventricle, 
typically acquired 8–10 min after the intravenous contrast injection. 

  Fig. 5.1    Typical cardiac MRI protocol/sequences for imaging for cardiac sarcoidosis, including: 
scout images; dark blood; T2 weighted; inversion recovery; cinematic (cine) short axis (SA), hori-
zontal long axis (HLA), and vertical long axis (VLA); three chamber; post-gadolinium intravenous 
contrast perfusion, axial chest, T1 scout and delayed hyperenhancement in SA, HLA and VLA 
planes. Post-processing is performed at either the MR console or on an independent workstation           

Scout images

Cine short axis

Cine HLA

Cine VLA

Dark blood IR
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Perfusion
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Fig. 5.1 (continued)

 Post-processing of Cardiac MRI images, performed either at the MRI console or 
on an independent workstation, generates quantitative measures including ejection 
fraction, end diastolic/systolic volumes, stroke volume, cardiac output and myocar-
dial mass [ 6 ]. 

 Cardiac MRI exams are performed on either 1.5 or 3.0 Tesla magnetic resonance 
scanners. A fl at set of receiver coils placed on the patient’s chest during the exam con-
tains parallel coils to improve signal-to-noise ratio and decrease exam acquisition time.  
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    Cardiac MRI Imaging Features 

    Imaging Features and Patterns of Disease 

    Post-infl ammatory Scarring 

 Cardiac sarcoidosis is characterized by patchy foci of high signal intensity in the 
myocardium on DHE imaging (Fig.  5.2 ). Foci of hyperenhancement are often 
located in basal or subepicardial regions but can be seen throughout the LV or RV 
myocardium [ 7 ]. Single foci of DHE may be subtle (Figs.  5.3  and  5.4 ), necessitating 
careful attention to MRI technique and consideration of artifacts.     

    Acute Infl ammation 

 The infl ammatory phase is characterized by focal wall thickening due to infi ltration 
or edema, wall motion abnormalities and high T2 signal intensity [ 8 ]. Pathologic 
features of cardiac sarcoidosis include patchy infi ltration of the myocardium in suc-
cessive stages: edema, non-caseating granulomas, and fi nally fi brosis or scar [ 9 ]. T2 
weighted imaging is increasingly being used for tissue characterization in acute 
myocardial processes.  

  Fig. 5.2    62 year old man with a history of sarcoidosis and non-sustained ventricular tachycardia 
on Holter monitor. Short axis DHE images show patchy delayed hyperenhancement in the mid 
inferior and lateral left ventricular walls       
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  Fig. 5.4    61 year old woman with a history of sarcoidosis with mediastinal and abdominal lymphade-
nopathy, inducible ventricular tachycardia/ventricular fi brillation and frequent PVCs. Short axis and 
horizontal long axis DHE images show mild focal delayed hyperenhancement in the apical lateral wall 
( arrows ). The patient subsequently received an implantable cardioverter defi brillator (ICD)       

  Fig. 5.3    48 year old woman with a history of opthalmic sarcoidosis. Chest radiograph and axial 
post-contrast MRI images show right hilar lymphadenopathy. Short axis and horizontal long axis 
DHE images show mild patchy delayed hyperenhancement in the inferolateral left ventricular wall 
and a small pericardial effusion       
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    Wall Motion Abnormality 

 Three-plane (SA, HLA and VLA) cine imaging is used to assess wall motion. On 
visual analysis, hypokinetic, akinetic or dyskinetic foci of wall motion abnormality 
can be secondary to scarred or infl amed myocardium. Navigator tools can be used 
to confi rm wall motion abnormalities in multiple planes.  

    Associated Features 

 Depending on the location and extent of cardiac involvement by sarcoidosis, associ-
ated features may include ventricular aneurysm or valvular involvement. The peri-
cardium may become thickening and involved by sarcoidosis. Pericardial effusion 
is not uncommon. Extensive cardiac involvement by sarcoidosis may lead to con-
gestive heart failure. Pulmonary hypertension is common in sarcoidosis (see Chap.   13    ) 
with imaging features including central pulmonary enlargement, right heart enlarge-
ment and possibly severe pulmonary parenchymal disease including nodularity, 
architectural distortion and fi brosis.   

    Differential Diagnosis for Myocardial DHE 

 Patchy delayed hyperenhancement in the myocardium is not a specifi c sign for car-
diac sarcoidosis. Delayed hyperenhancement can be seen in infarction and other 
myocardial processes that cause myocardial necrosis, infi ltration or fi brosis, includ-
ing myocarditis, hypertrophic cardiomyopathy, amyloidosis, sarcoidosis and other 
myocardial conditions [ 10 ]. When DHE is in a coronary artery vascular distribution 
and not mid-myocardial in location, the differential diagnosis includes ischemia/
infarct (Fig.  5.5 ).   

  Fig. 5.5    57 year old woman with a history of left anterior descending (LAD) coronary artery 
disease with myocardial infarction. Multiplanar DHE images show delayed hyperenhancement in 
the LAD vascular territory       
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    Extracardiac Findings of Sarcoidosis 

 Sarcoidosis can involve multiple anatomic structures typically within the fi eld-of- 
view of a Cardiac MRI or PET/CT exam, including the pericardium, mediastinal 
and hilar lymph nodes, axillary lymph nodes, the lungs, upper abdominal lymph 
nodes, spleen, retroperitoneal lymph nodes and bones. Features of pulmonary sar-
coidosis include mediastinal and hilar lymphadenopathy, nodularity, centrilobular 
nodularity, reticular abnormality, ground glass attenuation, perihilar confl uent opac-
ities, architectural distortion and pulmonary fi brosis. [ 18 F]fl uorodeoxyglucose 
(FDG) positron emission tomography (PET) whole body imaging can be used for 
staging, identifi cation of occult sites of disease and identifi cation of sites suitable 
for biopsy [ 11 ].  

    Limitations of Cardiac MRI in the Diagnosis of Cardiac 
Sarcoidosis 

 Cardiac MRI is not a specifi c imaging modality for cardiac sarcoidosis and attention 
to correct MRI protocols and technique as well as artifacts and differential consid-
erations is important. Limitations for Cardiac MRI include the length of the scan for 
the patient (up to an hour) and the geometry of the MRI scanner. Patients with 
claustrophobia may not be able to tolerate the exam length or proximity of the cir-
cular magnet bore and fl at chest coils. Patient size may be an issue as obese patients 
may not fi t into the typical 60 cm magnet bore depending on distribution of body 
adiposity, although 70 cm MRI scanner bores are increasingly available. 
Contraindications to an MRI exam include renal impairment (estimated glomerular 
fi ltration rate less than 30 mL/kg/min) due to the risk of gadolinium-induced neph-
rogenic systemic fi brosis. The presence of metallic fragments or any non-MRI- 
compliant materials within the body including conventional pacemakers are 
contraindications to MRI. 

 MR-compatible pacemakers are now available and acceptable cardiac MRI 
image quality is possible without substantial image degradation due to artifacts 
(Fig.  5.6 ). MR-conditional pacemakers may make the benefi ts of cardiac MRI 
imaging more available for patients with pacemakers [ 12 ], both in the diagnosis and 
followup of cardiac disease.    

    PET/CT for the Evaluation of Cardiac Sarcoidosis 

 PET/CT is used in the evaluation for cardiac sarcoidosis by assessing for hyper-
metabolic activity within the myocardium, implying infl ammation, using a PET 
protocol designed to suppress normal myocardial glucose uptake. 
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 Pre-exam patient instructions for a cardiac PET/CT exam include a low-to-no 
carbohydrate diet for 24 h and a total fast (except for water) for 6 h prior to the 
exam. The blood glucose target level is below 120 mG/dL. The radiopharmaceutical 
[ 18 F]fl uorodeoxyglucose (FDG), dose range 10–12 mCi, is administered intrave-
neously. After an incubation phase of 45–60 min the patient is scanned with CT and 
a 10 min 1-bed PET acquisition through the chest centered on the heart. 

 PET images and CT images are fused, or spatially registered, for review. The 
manifestations of cardiac sarcoidosis on PET/CT imaging may include patchy 
hypermetabolic activity in the myocardium (Fig.  5.7 ) or diffuse hypermetabolic 
activity in the left and/or right ventricular myocardium (Figs.  5.8  and  5.9 ). Patchy 
hypermetabolic activity may be due to infl ammation. Diffuse myocardial hyper-
metabolic activity may be due to infl ammation or, alternatively, due to failure to 
suppress the normal FDG-avid activity in the myocardium [ 13 ]. The relationship 
between PET fi ndings in cardiac sarcoidosis and clinical outcomes is not well 
known. Blankstein et al. report that the presence of focal perfusion defects (assessed 
by rubidium-82) and FDG uptake on cardiac PET identifi es patients at higher risk 
of death or ventricular tachycardia [ 14 ]. In a meta-analysis study of seven studies 
and 164 patients, Youssef et al. report a high diagnostic accuracy for  18 F-FDG PET 
(89 % sensitivity, 78 % specifi city) although limitations include the small number 
of heterogeneous studies and small number of patients [ 15 ].    

  Fig. 5.6    37 year old woman with a history of atrial tachycardia ablation. Short axis perfusion and 
DHE images show MR-compatible pacemaker (Medtronic Advisa MRI SureScan) lead at the RV 
apex. Note artifact from the pacemaker device in soft tissues of the anterior upper chest wall. 
 Arrow  points to the pacemaker lead       
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 Hypermetabolic activity on PET/CT images secondary to sarcoidosis can also be 
seen in the pericardium and mediastinal and hilar lymphadenopathy. 

 As an extension of PET/CT techniques, hybrid PET-MR scanners are a new 
imaging modality for potential evaluation of cardiac sarcoidosis [ 16 ,  17 ].  

    Nuclear Medicine Myocardial SPECT Imaging 
for the Evaluation of Cardiac Sarcoidosis 

 Nuclear medicine technetium (99mTc) sestamibi myocardial single-photon emis-
sion computed tomography (SPECT) imaging for the assessment of cardiac sarcoid-
osis uses a standard cardiac SPECT protocol. A “reverse perfusion defect” refers to 

PET

Noncontrast CT

PET/CT fusion

Chest CT

  Fig. 5.7    42 year old man with a history of sarcoidosis. PET and PET/CT fusion images show 
patchy hypermetabolic activity in the left ventricular myocardium. Chest CT images show typical 
manifestations of pulmonary sarcoidosis including mediastinal and hilar lymphadenopathy, perihi-
lar confl uent masses with architectural distortion, and peribronchovascular nodularity       
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perfusion abnormalities seen on rest imaging that are not present or less prominent 
on stress imaging. Myocardial perfusion abnormalities in sarcoidosis are reversible 
after pharmacological dilation which may be due to possible microvascular con-
striction in myocardial sarcoidosis; this phenomenon is referred to as “reverse dis-
tribution” but is not specifi c for cardiac sarcoidosis [ 18 ]. See Figs.  5.8  and  5.9 . 
Delayed hyperenhancement has been shown to be associated with reduction of 
regional wall motion and thallium perfusion defects [ 19 ,  20 ].  

DHE

PET

SPECT

  Fig. 5.8    61 year old man with a history of sarcoidosis diagnosed on pericardial biopsy. Short axis 
and vertical long axis DHE images show delayed hyperenhancement in the inferior wall that may 
be secondary to known coronary artery disease and previous infarct. DHE was also present in the 
basal septum. PET images show patchy hypermetabolic activity in the RV free wall, interventricu-
lar septum, and lateral LV wall. An implantable cardioverter defi brillator (ICD) is present. Nuclear 
medicine myocardial (SPECT) scan shows scarring in the inferolateral wall and additional perfu-
sion abnormalities at rest consistent with reverse distribution that may be manifestation of myocar-
dial sarcoidosis       
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    Correlation Between Imaging Modalities 

 Cardiac MRI, cardiac PET/CT and nuclear medicine myocardial SPECT imaging 
are all non-specifi c imaging modalities for cardiac sarcoidosis. However, the inter-
pretation of these imaging studies in the context of the clinical history and other 
laboratory results, imaging and biopsy fi ndings can be useful in the diagnosis of 
cardiac sarcoidosis. More on the multimodality approach to imaging cardiac 
 sarcoidosis will be discussed in Chap.       7. 

 Freeman et al. describe a scoring system using common clinical tests to predict posi-
tive imaging fi ndings using Cardiac MRI or FDG-cardiac PET and report that scoring 
system positivity was driven more by Cardiac MRI than FDG-cardiac PET [ 21 ].  

Coronal

PET/CT

SPECT

DHE

  Fig. 5.9    36 year old man with a history of sarcoidosis including lymphadenopathy, liver, cardiac and 
gastric involvement. History of fi rst degree AV block, palpitations and inducible ventricular tachycar-
dia on electrophysiology (EP) study. DHE images show mild diffuse mid-myocardial delayed hyper-
enhancement, possibly artifactual but confi rmed on multiplanar images. Coronal PET/CT fusion 
images show diffuse LV hypermetabolic activity. Nuclear medicine myocardial (SPECT) scan shows 
perfusion abnormalities at rest, possible manifestation of myocardial sarcoidosis       
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    Conclusion 
 Imaging of cardiac sarcoidosis with Cardiac MRI, PET and SPECT provides a 
rich set of tools for the evaluation of myocardial scar, edema, infl ammation, 
functional abnormalities and associated features. However, these imaging 
modalities are not individually specifi c for cardiac sarcoidosis and the role of 
imaging in the diagnosis and followup of cardiac sarcoidosis requires careful 
integration with laboratory and clinical data. 
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    Chapter 6   
 Nuclear Imaging (SPECT and PET) 
in Cardiac Sarcoidosis 

             Ron     Blankstein       and     Sharmila     Dorbala     

    Abstract     Nuclear imaging techniques are increasingly used for evaluating patients 
with known or suspected cardiac sarcoidosis. In addition to assessing the likelihood 
that cardiac sarcoidosis is present or absent, data from these tests can also be used to 
risk stratify patients, and thus inform the potential need for various therapies. The 
most commonly used techniques include resting myocardial perfusion imaging 
(MPI), which can be performed with either single photon emission computed tomog-
raphy (SPECT) or positron emission tomography (PET), and imaging for myocardial 
infl ammation using F18-Flurodeoxyglucose (FDG). Patients who have signifi cant 
myocardial infl ammation – as detected by FDG uptake – should be considered for 
anti-infl ammatory therapies, although data regarding the benefi t of such treatment 
remains limited. Among patients who are treated with anti-infl ammatory therapies, 
serial PET exams may be useful for determining the response to therapy. The devel-
opment of future tracers will further increase the capabilities of nuclear imaging 
techniques to guide the diagnosis and treatment of patients with cardiac sarcoidosis.  

        Introduction 

 Nuclear imaging techniques offer a unique ability to evaluate patients with known 
or suspected cardiac sarcoidosis. The most commonly used techniques include rest-
ing myocardial perfusion imaging (MPI), which can be performed with either single 
photon emission computed tomography (SPECT) or positron emission tomography 
(PET), and imaging for myocardial infl ammation using F18-Flurodeoxyglucose 
(FDG). This chapter will describe how these techniques, including older methods 
such as Gallium-67 imaging, are performed and used in evaluating patients with 
known or suspected cardiac sarcoidosis. We will then provide an overview of 
 potential future tracers which are currently being investigated.  
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    Gallium-67 Imaging for Cardiac Sarcoidosis 

 Gallium-67, a SPECT radiotracer with a physical half-life of 78 h, has been used 
extensively for the evaluation of systemic and pulmonary sarcoidosis since the early 
1970s with reported sensitivities of 60–90 %. Several studies have shown that 
Gallium-67 uptake by sarcoidosis granulomas may refl ect increased capillary per-
meability or increased iron binding proteins such as transferrin or lactoferrin, which 
are increased at sites of infl ammation [ 1 ]. Gallium-67 imaging is performed as pla-
nar imaging or SPECT, with intravenous injection of 150–220 MBq (4–6 mCi) fol-
lowed by imaging 24–72 h later, using a medium energy parallel hole collimator, 
with three photopeaks (93, 184, 296 KeV) for 10 min [ 2 ]. When used for the evalu-
ation of cardiac sarcoidosis, Gallium-67 imaging has typically been performed in 
conjunction with Thallium-201 myocardial perfusion imaging [ 3 ]. The sensitivity 
of Gallium-67 to detect cardiac sarcoidosis is low (estimated range 0–36 %) 
although the specifi city approaches 100 % [ 4 ]. Refl ecting the poor sensitivity of this 
technique, in one small study of patients with positive F-18 FDG uptake by PET, 
only 23 % showed abnormal Gallium uptake in the heart [ 5 ]. Improvement in myo-
cardial perfusion and reduction in Gallium-67 uptake have been described after 
successful therapy for sarcoidosis [ 3 ,  6 ]. However, due to limited image quality, low 
sensitivity and the greater availability of PET technology for imaging F-18 FDG, 
Gallium-67 imaging is currently not used widely in clinical practice for the diagno-
sis of cardiac sarcoidosis.  

    Rest Myocardial Perfusion Imaging 

 Resting myocardial perfusion imaging (MPI) can be performed using either SPECT 
or PET techniques (Table  6.1 ). While PET imaging offers superior image quality, 
improved spatial resolution, and robust attenuation correction, this technique is less 
widely available. The currently available PET radiotracers include rubidium-82 
(which requires an onsite generator) and N-13 ammonia (which requires a cyclotron 
for production). Alternatively SPECT MPI can be performed with either thallium-
 201 or technetium-99m. Due to improved image quality and a lower radiation dose, 
the use of technetium-99m is preferred for SPECT imaging. In addition, when avail-
able the use of attenuation correction is strongly suggested.

   While the use of rest MPI is extremely helpful when interpreting FDG PET 
images, the value of rest MPI alone imaging is limited. For instance, in early 
stages of cardiac sarcoidosis, the rest MPI can be completely normal. Among 
patients with suspected cardiac sarcoidosis, the presence of a resting perfusion 
defect is often non-specifi c as the differential diagnosis for this fi nding includes: 
(a) scar and/or infl ammation from cardiac sarcoidosis; (b) artifact, such as an 
attenuation artifact; (c) scar from prior myocardial infarction; or (d) hibernating 
myocardium.  
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    Infl ammation Imaging Using F18-Flurodeoxyglucose 

 F18-FDG is used to image myocardial infl ammation based on the fact that infl amma-
tory cells such as macrophages have a higher metabolic activity. After crossing the cell 
membrane, F18-becomes phosphorylated by the enzyme hexokinase and then becomes 
trapped inside the cells, thus allowing for imaging. However, it is important to remem-
ber that FDG uptake by the myocardium is not specifi c to cardiac sarcoidosis, and 
must be interpreted in the context of the patient’s medical history as well as the dietary 
conditions that were employed at the time of image acquisition. For instance, patients 
with coronary heart disease who have hibernating myocardium (i.e. reduced perfusion 
due to chronic ischemia accompanied by a shift in metabolic pathways to favor glu-
cose uptake instead of free fatty acids) may have FDG uptake. Other infl ammatory 
myopathies, such as active myocarditis or systemic rheumatological conditions with 
cardiac involvement may also be associated with increased FDG uptake by the myo-
cardium. Finally, FDG uptake by the myocardium – especially when diffuse or con-
fi ned to the lateral wall – may be a normal variant, particularly when imaging is 
performed in the non-fasted state and/or under states of high insulin.  

    The Logistics of Performing FDG PET Imaging 

    Patient Preparation 

 Adequate patient preparation to suppress the physiologic uptake of FDG by the nor-
mal myocardium is essential when performing PET imaging for infl ammation. There 
are multiple protocols (Table  6.2 ) that have been used by different centers and no 
clear data to support the superiority of any one particular method. Cheng et al. studied 
63 patients referred for oncologic imaging, and found that a low carbohydrate diet 

   Table 6.1    Data provided by nuclear imaging techniques   

 Variable  Technique  What it means in cardiac sarcoidosis? 

 Resting 
myocardial 
perfusion imaging 

 Can be performed by either 
SPECT or PET myocardial 
perfusion imaging 

 Resting perfusion defects can be due to 
either scar and/or intense infl ammation 
causing compression of the 
microvasculature 

 Imaging 
infl ammation 
with F18 
fl urodeoxyglucose 

 Performed with PET  Following adequate patient preparation (see 
text), increased FDG uptake represents 
myocardial infl ammation 

 Can be quantifi ed 
 May improve upon treatment 
with systemic anti-
infl ammatory medications 
 Can be used to visualize 
areas of increased FDG 
uptake outside the heart 

 Requires suppression of glucose uptake by 
normal myocardium and exclusion of other 
causes of increased FDG uptake by the 
myocardium 
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followed by a fast resulted in greater reduction in SUV (versus a controlled group of 
patients following an unrestricted diet) than a high fat low carbohydrate diet in which 
patients also drank a 250 cc beverage of mostly non- saturated fat 1 h prior to FDG 
injection [ 7 ]. Recently, Demeure et al. showed that a high fat low carbohydrate diet 
followed by a 12 h fast effectively suppressed FDG uptake in most (8 out 9) subjects. 
In their study, and consistent with the results of Cheng et al. administering an extra fat 
load 1 h before the scan did not offer any benefi t [ 8 ]. Based on these two studies, 
administering a high fat beverage prior to imaging is not recommended. It is possible 
that such an approach of overloading the myocardium with free fatty acids could 
increase myocardial oxygen consumption leading to a paradoxical increase in glu-
cose metabolism. In general, even under optimal conditions, approximately 10 % of 
patients may have diffuse non-specifi c uptake of FDG by the myocardium.

   At our center we recommend a high fat/low carbohydrate diet for two meals prior 
to the scan followed by a fast of at least 4 h. Prior to imaging, all patients are asked 
about their diet, and if there are any issues (i.e. patient inadvertently ate carbohy-
drates), the study is postponed. In addition, patients are asked to avoid any strenu-
ous exercise for 1 day prior to the scan. In patients who are unable to follow this diet 
(e.g. NPO for other medical reasons) we suggest a prolonged fast of at least 18 h.  

    Imaging Protocol 

 FDG image acquisition is typically performed 90 min after the administration of 
10–12 mCi of F18-FDG although a shorter uptake period of 60 min has also been 
used by some centers. Our suggested protocol includes:

    1.    Low dose CT images for attenuation correction   
   2.    Whole body FDG imaging – imaging from cerebellum to thigh utilizing multiple 

bed acquisitions performed in 3D (approximately four to fi ve bed acquisitions 

   Table 6.2    Methods used to suppress FDG from the normal myocardium   

 Protocol  Comments/tips 

 High fat low carbohydrate diet × 2 meals 
followed by fast of at least 4 h 

 Good experience by our group; used in 
Blankstein et al. [ 9 ] 

 High fat low carbohydrate (HFLC) diet + 
prolonged fast 

 Supported by Demeure et al. [ 8 ] 

 Low carbohydrate (LC) diet followed by fast  Supported by Cheng et al. [ 7 ] 
 Prolonged fast  Suggest at least 18 h fast 

 Supported by Morooka et al. [ 15 ] 
 High fat low carbohydrate diet supplemented 
by high fat beverage 1 h prior to FDG 
injection 

 Inferior to HFLC diet or LC diet followed by 
fast [ 7 ,  8 ] 

 Heparin administration  Dose 50 IU/kg used in some studies, but lower 
doses may also be effective (avoid administering 
in dextrose); inferior to long term fasting [ 15 ] 
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are needed, depending on patient’s height as well as z-axis coverage per bed 
position)   

   3.    Cardiac FDG imaging – single bed 3D acquisition over the heart with longer 
acquisition duration (~10 min)     

 Whole body FDG is an important component of the cardiac PET exam as this 
information can identify the presence and severity of extra cardiac disease. When 
present, such disease may help inform the role of anti-infl ammatory therapies. In 
addition, when the diagnosis of sarcoidosis is uncertain, the presence of extra car-
diac FDG avid disease may identify potential biopsy targets that are more accessible 
than the heart. These images should be interpreted by a physician who is trained at 
body PET/CT as it is important to recognize normal distribution of FDG by various 
organs from pathologic uptake.  

    Image Interpretation 

 Image interpretation requires simultaneous visualization of both rest MPI and FDG 
PET images. Normal scans will have complete suppression of FDG from the myo-
cardium with normal resting perfusion (Fig.  6.1 ). At times, patients without cardiac 
disease may also have diffuse homogenous uptake of FDG by the myocardium. This 
pattern should be distinguished from diffuse patchy myocardial involvement which 
can be seen in patients with extensive myocardial infl ammation.  

  Fig. 6.1    Example of normal F-18 FDG PET/CT. Rest myocardial perfusion imaging demonstrates 
normal perfusion of the left ventricle with no defects. The cardiac FDG images show good sup-
pression of FDG from the myocardium with no focal uptake involving the left or right ventricles       
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 Most patients with cardiac involvement will exhibit a focal or focal-on-diffuse 
area of myocardial FDG uptake. Less frequently, focal areas of increased FDG 
uptake involving the right ventricle may also be seen, a fi nding which is associated 
with adverse prognosis [ 9 ]. 

 In earlier stages of disease isolated FDG uptake may be seen without any perfu-
sion defects. However, in more progressive stages of disease, resting perfusion 
defects may be present. While these defects are often due to the presence of scar, 
severe infl ammation can also cause perfusion defects due to microvascular com-
pression. Supporting this concept, we have observed that some patients can have a 
signifi cant decrease in the size or intensity of resting perfusion defects following 
anti-infl ammatory therapies. Patients with advanced “burnt out” disease will exhibit 
a large amount of scar with minimal or no FDG uptake. 

 One of the characteristic fi nding of cardiac PET in cardiac sarcoidosis is a perfu-
sion/metabolism “mismatch” whereby areas of increased FDG also exhibit a resting 
perfusion defect (Fig.  6.2 ). However, it is noteworthy that such a mismatch pattern 

  Fig. 6.2    Rest N-13 ammonia myocardial perfusion imaging and F-18 FDG PET/CT imaging 
(alternate rows) of a patient with biopsy proven cardiac sarcoidosis are shown at baseline ( a ) and 
after therapy ( b ). The images are displayed in standard cardiac projections of short axis (apex to 
base from left to right), horizontal long axis (inferior to anterior walls from left to right) and verti-
cal long axis images (septum to lateral walls from left to right). The baseline study demonstrates a 
mild perfusion defect in the mid and basal anterolateral walls with a mismatch pattern (increased 
FDG uptake). The follow-up study demonstrates normal myocardial perfusion without perfusion 
defects and no myocardial FDG uptake (only blood pool activity is noted)         

a 
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can also occur in patients with hibernating myocardium, and thus when the diagno-
sis of cardiac sarcoidosis is suspected based on such PET fi ndings, it may be neces-
sary to rule out the presence of obstructive coronary artery disease.  

 While Chap.   7     of this book has a more extensive discussion regarding the diag-
nostic and prognostic value of cardiac PET, it is important to note that abnormal 
PET fi ndings are associated with a higher risk of ventricular tachycardia or death 
(Fig.  6.3 ). The risk of such events appears to be highest in patients who have abnor-
malities in both resting perfusion and FDG uptake [ 9 ].   

    Response to Therapy 

 A unique role of PET imaging with FDG is evaluating – both visually and quanti-
tatively – how patients respond to immunosuppressive therapies. While some 
patients may have a signifi cant response with complete resolution of infl ammation 
(Figs.  6.2 ), other may demonstrate no signifi cant change or even interval worsen-
ing. Since there is no data indicating the ideal drug, dose, or duration of therapy, 
and given the toxic side effect profi les of all anti-infl ammatory agents, imaging 
may allow clinicians to select agents to which patients respond while limiting the 
duration of therapy and/or considering alternative agents when no signifi cant 

b

Fig. 6.2 (continued)
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benefi t is observed. Further supporting the role of FDG imaging in following 
response to therapy, Osborne et al. have showed that among 23 patients who under-
went serial PET exams during treatment for cardiac sarcoidosis, a reduction in the 
intensity (i.e. SUV max) or extent (i.e. volume of infl ammation above a pre-speci-
fi ed SUV threshold) was associated with improvement in left ventricular ejection 
fraction. 

 However, it must be acknowledged that even when complete resolution of infl am-
mation can be visualized by PET FDG, it is unknown if continuation of therapy at a 
lower dose has any role in preventing recurrence of disease. It is further unknown 
whether treatment is associated with a reduction in event rates, and if so, if this 
reduction is signifi cant enough to warrant delaying or avoiding ICD therapy in 
patients who have infl ammation prior to the development of signifi cant scar or LV 
dysfunction. 

 There are multiple caveats that are important to keep in mind when comparing 
different imaging studies:

    1.    All studies should be performed in a similar fashion – same dietary preparation; 
same dose of injected activity; same time interval from FDG injection until 
image acquisition.   

   2.    Whole body FDG images should be compared, as relying solely on the cardiac 
images may lead to errors from differences in normalization [ 10 ].   
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  Fig. 6.3    Prognostic value of cardiac PET (With permission from Elsevier Publication. Source: 
Blankstein et al. [ 9 ])       
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   3.    In addition to visual comparison, it is important to perform a quantitative com-
parison. This can be performed by comparing:

    (a)    The intensity of infl ammation – comparing SUV maximum value   
   (b)    The extent of infl ammation – comparing the volume of myocardium that has 

FDG uptake above a pre-specifi ed threshold.         

 Figure  6.4  provides an example of using FDG imaging to assess the response to 
therapy.    

    Future Radiotracers for Imaging Cardiac Sarcoidosis 

 In addition to F-18 FDG and Gallium-67, several radiotracers are available to image 
infl ammatory processes including Tc-99m or In -11 labeled white blood cells, Tc-99m 
labeled bisphosphonates, Tc-99m labeled nanocolloids and Tc-99m or In -11 labeled 
proteins, albumin, somatostatin receptor binding agents (Gallium-68 DOTA, Gallium-68 
DOTANOC) [ 11 ]. In addition, Iodine-123-labeled 15-(p-iodophenyl)-3R,S-methylpen-
tadecanoic acid (BMIPP), a fatty acid imaging agent has also been used in one small 
study of six patients with biopsy proven cardiac sarcoidosis along with Thallium-201 
and shown to have a high specifi city (100 %) and high negative predictive value (100 %) 
for the diagnosis of cardiac sarcoidosis [ 12 ]. There has been a growing interest in the use 
of Gallium-68, a PET radiotracer for imaging sarcoidosis. A clinical trial is now under-
way comparing Gallium Ga 68-DOTANOC, and gallium Ga 68-labeled DOTA with 
F-18 FDG PET [ 13 ]. In one recent study [ 14 ], 18 patients with biopsy proven systemic 
sarcoidosis (no myocardial sarcoidosis patients) were studied with Gallium-67 and 111 

  Fig. 6.4    Example of quantifying response to infl ammation (Permission from Elsevier obtained by 
Ron Blankstein)       
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In-pentetreotide imaging. In this study, 111 In-pentetreotide imaging consistently 
showed better image quality. However, further studies are needed in order to better 
understand the role of this agent in evaluating patients with cardiac sarcoidosis [ 14 ]. 

 In addition to developing better tracers for this disease, it will be important to 
develop more data relating to how SPECT and PET imaging results can be used to 
better risk stratify patients. Finally, standardized techniques will be needed in order 
to determine how to better quantify and follow disease activity, and whether this 
information can ultimately be used to enhance patient outcomes. 

 Pearls of Wisdom 
     1.    Gallium-67 imaging for cardiac sarcoidosis is of limited value due to low 

sensitivity and is typically only used when F-18 FDG PET or cardiac MRI 
imaging are not available.   

   2.    Increase uptake of Gallium-67 in the hilar nodes may be seen as a normal 
variant especially in smokers.

•     NOTE : Interested readers are referred to the procedure guideline docu-
ment for other factors that may cause artifacts with Gallium-67 imag-
ing. Reference: Seabold et al. [ 2 ]       

    3.    When evaluating patients with known or suspected cardiac sarcoidosis, 
both rest MPI (with either SPECT or PET) and PET FDG imaging should 
be performed. Neither one alone is adequate for fully characterizing dis-
ease activity.   

   4.    Prior to imaging myocardial FDG uptake, dietary preparation to reduce the 
uptake of FDG by the normal myocardium is essential. We suggest a high 
fat low carbohydrate diet for two meals followed by a fast of at least 4 h, 
although alternatively, this diet can also be followed by a prolonged fast. It 
is essential to provide patients with very specifi c instruction. On the day of 
testing, it is important to ensure that they were able to follow the diet 
before any imaging is performed.   

   5.    Uptake of FDG by the lateral wall may represent a normal variant, particu-
larly when (a) there is no perfusion defect involving the lateral wall; (b) the 
FDG uptake is homogenous (as opposed to patchy); and (c) the likelihood 
of cardiac disease is low.   

   6.    Patients with advanced cardiac sarcoidosis may have “burnt out” disease 
with no (or little) FDG uptake. Such patients are more likely to have left 
ventricular systolic dysfunction. Patients with large amount of scar and 
reduced ejection fraction are less likely to have an improvement in ejection 
fraction following immunosuppressive therapy.   

   7.    When interpreting FDG PET studies, it is essential to also acquire and 
interpret whole body FDG data in order to identify if there is any active 
extra cardiac disease. The presence of FDG avid disease outside the heart 
may also identify a site that is more amenable to biopsy than the heart.     
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Chapter 7
Multimodality Imaging of Cardiac Sarcoidosis

Ron Blankstein and Edward J. Miller

Abstract In addition to aiding the diagnosis, the role of imaging for patients with 
known or suspected cardiac sarcoidosis includes estimating the risk of future 
adverse events (prognosis) as well as identifying individuals who are more likely 
to benefit from immunosuppressive therapies. When considering these goals, car-
diac MRI and PET both visualize different attributes of cardiac sarcoidosis and 
often have a complementary role. While the absence of late gadolinium enhance-
ment on cardiac MRI has a high negative predictive value for excluding cardiac 
involvement and identifying patients with an excellent prognosis, PET is better 
suited for detecting and quantifying the amount of active myocardial inflamma-
tion. Data comparing these techniques is limited; however, we recommend that 
unless contraindications exist, cardiac MRI should be the preferred imaging test 
for screening patients who have abnormalities that are concerning for cardiac sar-
coidosis. However, once disease is identified, PET should be used to determine 
the response to therapy as well as the burden of active extra-cardiac disease. 
Notably, cardiac MRI and PET are more sensitive than echocardiography and 
clinical criteria, and there is often no reliable reference standard to establish the 
diagnosis of cardiac sarcoidosis. In cases where the diagnosis cannot be clearly 
established (i.e. clinical and imaging findings which support cardiac sarcoidosis 
despite the absence of a biopsy), these imaging tests remain useful for informing 
prognosis as well as guiding therapies.
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 Introduction

The evaluation and management of patients with cardiac sarcoidosis requires an 
understanding of the role, strengths, and limitations of various different imaging 
modalities. Importantly, no single imaging technique can be used to reliably assess 
all patients with suspected or known cardiac involvement. Instead, clinicians and 
imagers often need to select the best available testing option to answer a particular 
question for a given patient. Ultimately, optimal patient management requires a 
careful integration of data from various different sources as well as an understand-
ing of the implications of various imaging findings, particularly with respect to 
diagnosis and prognosis.

When considering what test to choose, it is important to define the role of non- 
invasive imaging in evaluating and managing patients with cardiac sarcoidosis 
(Fig. 7.1):

 1. Diagnosis – Establish the presence or absence of cardiac involvement.
 2. Prognosis – Identify patients who have a high (or low) risk of adverse events.
 3. Identify patients who are most likely to benefit from immunosuppressive therapies.
 4. Follow response to therapy.

With respect to the above goals, there is often a complementary value when com-
bining data from various imaging modalities. For instance, information from both 
cardiac PET and MRI can be used to more confidently assess the likelihood of car-
diac involvement. Each of these tests can image different aspects of cardiac disease 
making the combined findings from these two techniques particularly valuable. 

Cardiac Sarcoidosis: role of imaging

Diagnosis Prognosis
Identify pts
who benefit
from therapy

Follow
Response to

therapy  

ECHO PET/SPECT CMR

Fig. 7.1 The role of imaging in cardiac sarcoidosis
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Such a hybrid approach may be especially important when the findings of any one 
of these tests provides inconclusive results, or when the diagnosis is challenging to 
establish (e.g. isolated cardiac involvement).

This chapter will discuss the role and importance of cardiac imaging in evaluat-
ing patients with known or suspected cardiac sarcoidosis. The chapter will discuss 
how to select among the various existing testing options as well as how to use the 
results provided by these tests in patient management.

 When Is Advanced Multimodality Imaging Needed 
in a Patient with Suspected Cardiac Sarcoidosis?

The incidence of systemic sarcoidosis is increasing, and the death rate from sarcoid-
osis has increased 51 % from 1988 to 2007 [1]. The majority of these potentially 
preventable deaths in patients with sarcoidosis are from cardiac causes, but a signifi-
cant percentage of patients who die of cardiac sarcoidosis have no pre-mortem 
symptoms [2]. Therefore, it is important to screen for cardiac involvement in 
patients with sarcoidosis in hopes to identify and treat patients at highest risk of 
adverse cardiac events. This section will explore which patients should be evaluated 
by advanced multimodality imaging for cardiac sarcoidosis.

A number of studies have attempted to identify the percentage of patients with 
sarcoidosis who have cardiac involvement. These studies are confounded by the 
lack of a gold standard for the diagnostic criteria for cardiac sarcoidosis. For exam-
ple, the 1993 and 2006 versions of the Japanese Ministry of Health and Welfare 
Diagnostic Criteria for cardiac sarcoidosis are insensitive for detecting cardiac 
involvement and do not risk stratify patients in the same manner as advanced imag-
ing with either cardiac MRI (CMR) [3] or 18F-flurodeoxyglucose PET [4, 5]. In 
addition, unless a positive endomyocardial biopsy is obtained, these criteria require 
the presence of extra cardiac disease in order to establish the diagnosis of cardiac 
sarcoidosis. Therefore, it is extremely difficult to establish the diagnosis of isolated 
cardiac sarcoidosis using these criteria.

While there is no prospective data identifying the optimal screening strategy 
among patients with sarcoidosis, there is data to suggest that non-invasive screening 
strategies including evaluations of symptoms (palpitations, syncope, or pre- 
syncope), ECG (AV block, right bundle branch block, left anterior fascicular block, 
left posterior fascicular block, abnormal T waves), echocardiography (LVEF < 
45 %, regional wall motion abnormalities, left ventricular hypertrophy, focal aneu-
rysms), or Holter monitor (PVCs > 10/h, non-sustained ventricular tachycardia, 
Supraventricular tachycardia) can be used as a trigger to pursue advanced imaging 
with CMR and/or FDG PET with myocardial perfusion imaging.

The most common indication for screening patients with extra-cardiac sar-
coidosis is the development of new cardiac signs or symptoms. Three studies 
have  evaluated the utility of abnormal results on screening strategies to predict 
CMR and FDG PET abnormalities in patients with extra-cardiac sarcoidosis. 
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Mehta et al. [6] evaluated the ability of symptoms, ECG, echocardiogram, and 
Holter monitoring to predict the presence of abnormal imaging findings by 
either CMR or FDG PET. In their cohort of 62 patients with biopsy-proven 
extra-cardiac sarcoidosis, cardiac symptoms (46 vs. 5 %), abnormal Holter 
monitoring (50 vs. 3 %), and abnormal echocardiogram findings (25 vs. 5 %) 
were more common in patients who had abnormal CMR or FDG PET studies. 
Nearly half (47 %) of patients had some abnormality on baseline screening 
testing, and of those with abnormal screening testing 88 % had abnormal FDG 
PET and 36 % had abnormal CMR studies. Collectively, the sensitivity of any 
of the above screening variables to detect cardiac sarcoidosis was 100 % and 
the specificity was 87 %. Freeman et al. [7] used a more detailed screening 
regimen incorporating ECG (resting and signal averaged), echocardiogram, 
electrophysiology study (if performed), and nuclear stress testing to retrospec-
tively evaluate 70 patients with systemic sarcoidosis. They found increasing 
numbers of abnormal screening studies were associated with a greater likeli-
hood of abnormal CMR or FDG PET results, and that the absence of abnormal 
screening results lead to a lower rate (2/18, 11 %) of abnormal advanced imag-
ing. In both the studies by Mehta and Freeman, a greater number of abnormal 
screening tests lead to an increased likelihood of abnormal advanced imaging. 
Consistent with these findings, recent data from a small study has showed that 
among patient without cardiac symptoms and normal LV systolic function on 
echocardiography, the rate of abnormal findings on CMR imaging was low 
(13 %) [8]. Collectively, the above data can be used to support the use of car-
diac symptoms, abnormal ECGs, or abnormal echocardiographic findings for 
pursuing advanced imaging testing in patients with extra-cardiac sarcoidosis. 
The Heart Rhythm Society Expert Consensus Statement on Arrhythmias 
Associated with Cardiac sarcoidosis has also endorsed this strategy [9].

There are certain other clinical scenarios that should prompt an evaluation for 
cardiac sarcoidosis even when there is no prior history of sarcoidosis. These 
include new onset unexplained advanced heart block in adults under 60 years of 
age and/or unexplained ventricular tachycardia. Among patients with new unex-
plained heart block, cardiac sarcoidosis may be present in 25–34 % [10, 11]. 
Furthermore, numerous reports have described unexplained sustained monomor-
phic ventricular tachycardia (VT) as the initial presenting symptom of cardiac 
sarcoidosis. In these scenarios, if the patient does not have known extra-cardiac 
sarcoidosis then the use of chest CT or whole-body FDG PET/CT imaging may 
identify previously clinically silent extra-cardiac sarcoidosis (i.e. hilar/mediasti-
nal lymphadenopathy) that is more amenable to biopsy than the heart. While the 
identification of extra-cardiac sarcoidosis significantly increases the likelihood 
of cardiac sarcoidosis, it is important to recognize that isolated cardiac sarcoid-
osis – whereby the disease is confined only to the heart – is likely significantly 
under diagnosed and may carry a worse prognosis. Therefore, the absence of 
extra-cardiac disease cannot be used to exclude the possibility of cardiac 
sarcoidosis.
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In summary, our recommendations for screening for cardiac sarcoidosis include:

 1. All patients with sarcoidosis should undergo a regular clinical evaluation which 
includes prompting for any new cardiac signs or symptoms. In addition, all 
patients should be screened with ECGs as part of their clinical care. Among 
selected patients, Holter monitoring can be performed if symptoms warrant. In 
addition, among selected patients, echocardiography can also be performed, 
realizing it is insensitive for detecting cardiac involvement or for predicting 
abnormal CMR or FDG PET findings (see next section).

 2. Any abnormal screening test, new cardiac sign or symptom, or high clinical sus-
picion, particularly unexplained heart block or VT, should prompt further evalu-
ation with CMR and/or FDG PET with myocardial perfusion imaging.

However, it is important to acknowledge that the role of wider screening of all 
patients with sarcoidosis with CMR (which, as discussed below, is likely a better 
screening test than PET given its higher sensitivity and lower cost) remains 
unknown. On one hand, such an approach will identify more patients who have 
cardiac involvement. On the other hand, it is unknown if identifying and treating 
clinically silent disease will lead to any improvement in patient outcomes, and 
whether such approaches will be cost effective, particularly when also considering 
the cost of downstream testing that may occur.

 Role of Multimodality Imaging in the Diagnosis of Cardiac 
Sarcoidosis

Imaging plays a critical role in the diagnosis of cardiac sarcoidosis and is particu-
larly important due to the insensitivity of cardiac biopsy and the imprecision of 
clinical criteria in diagnosing cardiac sarcoidosis. A number of imaging techniques 
have been used to evaluate for cardiac sarcoidosis, including echocardiography, 
nuclear perfusion imaging, imaging of inflammation (FDG PET and gallium-67), 
and cardiac MRI (CMR). While most of these techniques have been reviewed in 
other chapters in this book, this section will provide a multi-modality overview of 
how these tests are used to diagnose cardiac sarcoidosis. In addition, we will present 
an algorithm for the use of advanced multimodality imaging for the evaluation of 
cardiac sarcoidosis, highlighting the complementary aspects of CMR and FDG PET 
with myocardial perfusion imaging (MPI).

 Echocardiography

Echocardiography has been used to evaluate patients for sarcoidosis since the mid- 
1980s. Classic echocardiographic patterns for sarcoidosis involving the heart include the 
presence of basal septal thinning, depressed left ventricular ejection fraction, regional 
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wall motion abnormalities (RWMAs), focal hypertrophy, or left ventricular aneurysms. 
These findings are neither sensitive nor specific for cardiac sarcoidosis and do not cor-
relate well with CMR or FDG PET with MPI. For example, Mehta et al. found echocar-
diographic abnormalities in only 25 % of the patients who exhibited CMR or FDG PET 
evidence of cardiac sarcoidosis [6] and Freeman et al. determined a negative predictive 
value of only 32 % for echocardiography [7]. This corresponds to unpublished data from 
our own group suggesting that in patients with suspected cardiac sarcoidosis, echocar-
diograms are normal in as many as a quarter of patients who have FDG PET studies with 
abnormal perfusion and half of patients who have abnormal FDG uptake (Miller et al. 
unpublished data). Thus in our opinion, the low sensitivity and negative predictive value 
of echocardiography when compared to other techniques make it less suitable for use as 
a screening test for cardiac sarcoidosis, particularly among patients who have any of the 
aforementioned abnormalities that warrant screening.

 Nuclear Imaging Techniques

Historically, nuclear imaging techniques such as thallium-201 or gallium-67 scin-
tigraphy have been used to evaluate for abnormal cardiac perfusion/scar or inflam-
mation, respectively. However, these have been supplanted by newer techniques. 
Specifically, PET perfusion tracers (rubidium-82 and N-13 ammonia) have increased 
sensitivity and specificity compared to thallium-201 or technetium-99m for detec-
tion of perfusion defects. Among patients with cardiac sarcoidosis, such defect may 
be due to scar and/or marked inflammation resulting in compression of the micro-
vasculature. For the detection of cardiac inflammation, 18F-flurodeoxyglucose has 
superior diagnostic performance compared to gallium-67. Therefore, FDG PET 
performed with MPI has become the standard of care for nuclear imaging evalua-
tion of cardiac sarcoidosis since it can evaluate both pathological processes of car-
diac sarcoidosis (scar and inflammation).

Appropriate pre-scan patient preparation is essential in order to suppress the uptake of 
FDG from normal myocardium. Further details regarding this are available in Chap. 6. 
Based on the experience of our centers we suggest one of the following protocols:

• A high fat/low carbohydrate diet for two meals prior to the scan followed by a 
fast of at least 4 h

• A high fat/low carbohydrate diet followed by a fast of at least 12 h

Prior to imaging, it should be confirmed that the patients were able correctly fol-
low the diet/preparation instruction.

The acquisition protocol for FDG PET with MPI for cardiac sarcoidosis is dis-
cussed in detail in Chap. 6 and is shown in Fig. 7.2. The study begins with a resting 
myocardial perfusion imaging study. When available, PET resting MPI (Rb-82 or 
N-13 NH3) is preferable, but SPECT MPI (Tc-99m) can also be performed, and 
should be combined with attenuation correction when available. Subsequently, the 
patient is injected with 10–12 mCi of F18- FDG. Following an uptake period of 
90 min 3-D FDG PET acquisition of the heart and whole body is performed.

R. Blankstein and E.J. Miller



57

The interpretation of FDG PET with MPI studies includes an evaluation of both 
perfusion and FDG uptake (Fig. 7.3). Perfusion defects are described using a tradi-
tional 0–4 grading scale for severity and 17-segment model for location. Abnormal 
FDG uptake is described as a focal or focal-on-diffuse area of the myocardial uptake 

PET: Rb-82 or N-13 NH3
(SPECT: Tc-99m)  

Rest
MPI 

pt out
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8 min 90 min
(optional 60 min) 25 min

Myocardial Perfusion
Imaging 
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Imaging
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Fig. 7.2 Example of a FDG PET plus MPI protocol for cardiac sarcoidosis. Further details are 
provided in the text as well as in Chap. 7
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Fig. 7.3 Example of FDG PET with MPI images for the evaluation of cardiac sarcoidosis. (Left) 
Normal pattern for fasting FDG images in the heart, showing no myocardial uptake, but faint FDG 
signal present in the LV blood pool. Rb82 perfusion is normal. (Right) Abnormal FDG PET with 
MPI showing a focal area of FDG uptake with greater intensity than LV blood pool in the basal 
lateral/infero-lateral walls. In addition, there is a focal basal infero-lateral perfusion defect on the 
Rb82 images. This highlights the complementary information gained by use of FDG (inflamma-
tion) and Rb82 (scar) imaging for the evaluation of cardiac sarcoidosis
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with intensity greater than the left ventricular blood pool (see Fig. 7.4 for exam-
ples). In addition, it is important to describe whether there are focal areas of 
increased FDG uptake involving the right ventricle. Whole body FDG imaging 
using a large field of view from the base of the skull to the mid-thigh level should 
be performed in order to evaluate for extra-cardiac sarcoidosis.

While cardiac sarcoidosis may cause isolated FDG uptake without any perfusion 
defects, or in more advance stages of disease, resting perfusion defects without any 
FDG uptake, the most characteristic finding is a perfusion/metabolism “mismatch” 
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Fig. 7.4 Classification of cardiac PET/CT perfusion and metabolism imaging. (With permission 
from Elsevier Publication. Source: Blankstein et al. [5])
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whereby areas of increased FDG also exhibit a resting perfusion defect. It is note-
worthy that such a mismatch pattern can also occur in patients with hibernating 
myocardium, and thus when the diagnosis of cardiac sarcoidosis is suspected based 
on such PET findings, it may be necessary to rule out the presence of obstructive 
coronary artery disease (CAD). Nevertheless, at times, there are challenging cases 
where CAD and cardiac sarcoidosis can both be present.

Recently, newer methods of quantitative interpretation of FDG uptake including the 
volume of inflammation [12] and integrated volume-intensity [4] have been described. 
Such measures are most useful when comparing scans in order to follow response to 
therapy, but may also enhance the standardization of interpretation among centers.

While there are wide ranges of estimates for the sensitivity of FDG PET with 
MPI for detecting cardiac sarcoidosis, these estimates are rather misleading given 
the lack of a reference gold standard criteria and the fact that imaging is more sensi-
tive for detecting disease than the Japanese criteria. With these important limitations 
in mind, a recent meta-analysis involving a total of 164 patients from 7 studies 
described a sensitivity of 89 % and specificity of 78 % when compared against the 
2006 JMHW criteria [13]. However, the reduced specificity of PET in these studies 
may be due to the fact that it is more sensitive than the reference criteria against 
which it was compared.

 Cardiac MRI

Cardiac MRI is also an important and useful advanced cardiac imaging technique 
used for the evaluation for cardiac sarcoidosis. CMR is a highly accurate technique 
to evaluate cardiac structure and function, and it can be used to define morphologi-
cal features of cardiac sarcoidosis analogous to echocardiography (e.g. regional 
wall motion abnormalities, wall thinning, hypertrophy, LV systolic dysfunction, and 
focal aneurysms). However, the major role for CMR in the diagnosis of cardiac 
sarcoidosis lies in the evaluation of late gadolinium enhancement (LGE) whereby 
T1 weighted inversion recovery images are acquired ~10 min following the admin-
istration of intravenous gadolinium. Gadolinium is an extracellular contrast agent 
that has a rapid washout from normal areas of myocardium. However, in patients 
with cardiac sarcoidosis, the presence of scar or intense inflammation can expand 
the extracellular space and result in slower washout of gadolinium and thus areas of 
increased T1 signal enhancement. Such areas of LGE – which commonly are sub- 
epciardial or midwall in location – may be seen even when there are no regional 
wall motion abnormalities and normal wall thickness. As a result, in patients with 
suspected cardiac sarcoidosis, the presence of LGE is more sensitive than echocar-
diography and perfusion imaging for the detection of scar formation.

While the typical pattern of LGE in cardiac sarcoidosis is a non-transmural pat-
tern involving either the sub-epicardial and/or mid-myocardial walls (Fig. 7.4), pat-
terns of subendocardial or transmural LGE (which may mimic common CAD 
patterns) have been described as well.
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Similar to FDG PET, estimates of the accuracy of CMR to diagnose cardiac sar-
coidosis are hampered by a lack of gold standard. The original report of the diagnos-
tic accuracy of CMR for cardiac sarcoidosis showed a sensitivity of 100 % and 
specificity of 78 % versus the JMHW criteria [14] with the low specificity a conse-
quence of comparison versus the insensitive JMHW criteria. This superiority of 
CMR for diagnosing cardiac involvement in sarcoidosis was borne out by Patel 
et al. who showed a greater than 2x increase in cardiac sarcoidosis diagnosis versus 
JMHW criteria, leading to a significant improvement in prognostication of adverse 
events by CMR when compared to JMHW criteria [14].

There is only a single small study that has directly compared CMR and PET, 
the results of which support the complementary value of these two techniques. 
In this study, Ohira et al. [15] evaluated 21 consecutive patients with suspected 
cardiac sarcoidosis who underwent both exams and found that 5 were negative 
by both modalities and 8 were positive by both. Interestingly, 8 patients had 
discordant findings: 7 had only PET abnormalities while 1 had only CMR 
abnormalities. Among the 8 (38 %) patients who were categorized as having CS 
by JMHW criteria, 3 had abnormal findings by only one modality while 5 had 
abnormalities on both. This study was underpowered to detect significant differ-
ences in diagnostic accuracy between these techniques, but has been incorrectly 
quoted by some to suggest that PET may have a higher sensitivity based on a 
non-significant, numerically higher sensitivity for PET [7 out of 8] than CMR 
[6 out of 8] (Fig. 7.5).

 Selecting the Right Test

Recommendations regarding the optimal multimodality imaging strategy for the 
diagnosis of cardiac sarcoidosis are hampered by a lack of prospective data. Possible 
strategies include use of either CMR or FDG PET with MPI in isolation or a com-
plementary approach where both techniques are applied to every patient. Any 
approach should take into account the strengths and limitations of each institution’s 
imaging capabilities and experience. Our approach is outlined in Fig. 7.6. In patients 
with suspected cardiac sarcoidosis based on screening criteria or clinical scenario 
outlined in the previous section, a ‘CMR first’ strategy can be employed if the 
patient is eligible for a CMR based on lack of a cardiac device and appropriate renal 
function. Consistent with recent HRS Consensus Statement criteria [9], positive 
CMR findings in patients with diagnosed extra-cardiac sarcoidosis are satisfactory 
to diagnose a patient with cardiac sarcoidosis and warrant consideration of primary 
prevention ICD implantation. In patients who cannot obtain a CMR, those who have 
inconclusive CMR results, or in whom the CMR is negative but there is a high clini-
cal suspicion for cardiac sarcoidosis, FDG PET with MPI should then be pursued in 
order to better clarify the likelihood of cardiac sarcoidosis.
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Our recommendation of a ‘CMR first’ imaging strategy is based on: (1) improved 
sensitivity and higher negative predictive value (NPV) of CMR; (2) lack of radiation 
exposure; (3) lower cost. CMR may also have a small advantage in that it does not 
require dietary preparation. While FDG PET imaging may lead to non-diagnostic 
results when there is inadequate suppression of FDG from the normal myocardium, 
when using CMR for screening, non-specific results can also be encountered (e.g. 
small foci of LGE which could also be due to other etiologies such as prior myocar-
ditis). Therefore, regardless of which imaging testing is selected initially, there is 

Fig. 7.5 Forty-eight year old male who presented with ventricular tachycardia following exercise. 
There was no history to support the diagnosis of myocarditis and cardiac enzymes were negative. 
(a) Cardiac MRI showed a large amount of mid wall and sub-epicardial late gadolinium enhance-
ment involving the basal and mid inferolateral wall as well as the basal and mid anteroseptum, 
inferoseptum, and anterior wall. (red arrows) Endomyocardial biopsy was negative and showed no 
granulomatous inflammation. (b) PET FDG demonstrated a large amount of increased FDG 
uptake, which was most prominent in the basal inferior, inferolateral, and inferoseptal walls. 
Following 5 months of steroid therapy there was a marked reduction in the extent and intensity of 
FDG uptake (c) as well as a reduction in the burden of ventricular arrhythmias. The patient did not 
have any extra cardiac disease. In this case, despite a negative endomyocardial biopsy, the patient 
was diagnosed with isolated cardiac sarcoidosis

a
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b

c

Fig. 7.5 (continued)
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always a possibility that due to inconclusive findings, additional complementary 
imaging may be helpful.

Another caveat to CMR imaging is that in early stages of disease, CMR may be 
negative while PET may demonstrate focal uptake of FDG. While some CMR tech-
niques such at T2 weighted imaging or T2 mapping may enable the identification of 
early disease, these sequences are challenging to perform and are generally inferior 
to FDG imaging for detecting inflammation. Given the above considerations, when 
available and in the absence of contraindications, it is reasonable to employ a con-
comitant imaging strategy with both CMR and PET (FDG and MPI) strategy in 
patients with suspected cardiac sarcoidosis. However, the cost and clinical 
 effectiveness of this approach remain to be determined.

 Role of Multimodality Imaging in Establishing Prognosis 
of Cardiac Sarcoidosis

Emerging data has shown that both cardiac MRI and PET provide information that 
can be used to identify which patients with suspected cardiac sarcoidosis have the 
highest risk of adverse events such as cardiac death or ventricular tachycardia. 
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Before discussing the results of these studies, it must be acknowledged that unlike 
the data available for other more common cardiac disease, the available data on the 
prognostic value of cardiac MRI and PET is limited to smaller studies. Nevertheless, 
this is important and useful data, particularly given the lower prevalence of cardiac 
sarcoidosis and the fact that for many patients with suspected cardiac sarcoidosis, 
the exact diagnosis may be uncertain. In such cases, it could be argued that regard-
less of the final diagnosis, any imaging findings that can identify high-risk patients 
would be clinically important and could be used to guide therapies, such as ICD’s, 
which may offer survival advantage.

Table 7.1 summarized the results of three available studies that have examined the 
prognostic value of cardiac MRI. These studies, together with several other studies that 
are not yet published, support the fact that the presence of late enhancement on cardiac 
MRI is associated with a higher risk of death or ventricular tachycardia. As importantly, 
patients who do not have any late enhancement had an extremely low event rate, with 
only one cardiac event reported in three studies. Therefore, cardiac MRI may be used 
not only to exclude the presence of cardiac sarcoidosis in the vast majority of patients 
with suspected disease, but also to identify patients who have an excellent prognosis.

While most of the studies to date have categorized the CMR findings as positive 
or negative, one study has suggested that patients who have a greater extent of late 
enhancement (late gadolinium enhancement mass ≥ 20 % of LV mass) were more 
likely to have adverse events and were less likely to have an improvement in their 
left ventricular function [16].

Table 7.2 summarizes the results of two available studies to date which have exam-
ined the prognostic value of cardiac PET. Blankstein et al. found that patients who had 
both (a) increased myocardial inflammation (i.e. focal uptake of FDG) and (b) resting 
perfusion defects experienced a fourfold increase in the rate of death or ventricular 

Table 7.1 Prognostic value of CMR

Study
Number/type 
of patients

Number  
of patients 
with LGE

Median 
F/U 
(months)

Overall  
number  
of events

Number of 
events in 
patients with 
no LGE Conclusions

Patel 
et al. [3]

81 w/extra 
cardiac 
disease

21 (26 %) 21 8 [5 death, 
2 VT, 1 
AVB]

2 [1 cardiac 
death; 1 
non- cardiac 
death]

(+) CMR 
associated 
with events; 
more sensitive 
than clinical 
criteria

Greulich 
et al. 
[20]

155 w/extra 
cardiac 
disease

39 (25 %) 31 12 [death/
SCD/ICD 
Rx]

1 [1 
non- cardiac 
death]

(+) CMR is a 
strong 
predictor of 
potentially 
lethal events

Nagai 
et al. [8]

61 w/extra 
cardiac 
disease

8 (13 %) 50 1 [1 AVB] 2 [2 
non- cardiac 
death]

Both patients 
with and w/
out LGE had 
low event 
rates
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tachycardia [5]. Importantly, the association between abnormal PET findings and 
adverse events persisted even after adjusting for left ventricular ejection fraction, clinical 
criteria, and the presence of active extra-cardiac disease [5]. In addition, the presence of 
focal uptake of FDG by the right ventricle was found to be associated with an extremely 
high event rate. Further studies are required in order to identify whether patients with RV 
FDG uptake represent those who have more extensive disease or if the higher rate of 
events in these patients is due to the involvement of more arrhythmogenic substrate.

Similar to the results of the study by Blankstein et al. recent work by Ahmadian 
et al. [4] also highlight the importance of FDG PET with MPI findings in determin-
ing the prognosis of patients with suspected cardiac sarcoidosis. In this study, 
among 31 patients with suspected sarcoidosis, 24 met clinical diagnostic criteria 
(including FDG PET and CMR findings) for the diagnosis of cardiac sarcoidosis. 
During follow up, 12 cardiac events occurred among 9 patients, and the majority of 
events occurred in individuals with abnormal FDG uptake.

Based on the published studies performed to date, the event rate in patients referred 
for cardiac PET is higher than those referred for cardiac MRI. This difference can be 
explained by the fact that patients referred for PET are more likely to already have an 
ICD (which is a contraindication for cardiac MRI) and prior history of ventricular 
tachycardia. In fact, the event rate observed in patients referred for cardiac PET (which 
is usually performed in tertiary referral centers) is similar to the event rate experienced 
by patients with cardiac sarcoidosis who have been treated with ICD implantation for 
primary or secondary prevention of sudden cardiac death [17, 18].

Table 7.2 Prognostic value of PET

Study
Number/types 
of patient PET findings

Median 
F/U 
(months)

Overall 
number 
of 
events

Number of 
events in 
patients with 
normal 
perfusion/no 
FDG uptake Conclusions

Blankstein 
et al. [5]

118 w/
known or 
suspected 
cardiac 
sarcoidosis

47 (40 %) 
normal; 34 
(28 %) had 
abnormal 
perfusion AND 
FDG uptake

18 31 [27 
VT; 8 
deaths]

6 [4 VT; 2 
deaths]

Increased FDG 
and resting 
perfusion 
defects 
associated with 
increased risk 
of death/VT

All had LV or 
RV 
dysfunction

Ahmadian 
et al. [4]

31 w/known 
or suspected 
cardiac 
sarcoidosis

2 (6 %) 
normal; 12 
(39 %) 
abnormal 
perfusion AND 
FDG uptake; 
Quantitative 
FDG volume: 
intensity 
correlated with 
abnormal 
visual FDG

450 ± 
271 days

12 (3 
VT; 0 
deaths)

1 (CHF) Quantitation of 
FDG uptake 
predicts events

7 Multimodality Imaging of Cardiac Sarcoidosis



66

While there are no published studies in this regards, it seems plausible that the 
findings provided by cardiac MRI (which provides an estimate of the extent of scar) 
as well as those provided by PET imaging with FDG (which provide an estimate of 
the overall magnitude and extent of myocardial inflammation) may be complemen-
tary, both for diagnosing and treating disease, as well as for providing an estimate 
of the risk of future adverse events.

 The Role of Imaging in Patients with Known Cardiac 
Sarcoidosis

In patients who have known cardiac sarcoidosis, there are multiple important imag-
ing questions. First, what is the risk of developing worsening heart failure or ven-
tricular arrhythmias/sudden cardiac death. In patients who have significant 
inflammation, as detected by FDG PET, a more compelling argument could be 
made for treatment with systemic anti-inflammatory therapies. Interestingly, 
Osborne et al. suggested that when such therapies result in a significant reduction in 
the volume or extent of myocardial inflammation, the left ventricular systolic func-
tion may improve [12]. Similarly, patients who have a higher risk of sudden cardiac 
death should have an even stronger consideration for ICD placement.

In addition to the above questions, other pertinent imaging questions may include 
assessing the left ventricular dimensions and systolic function or evaluating for 
aneurysms. Patients with pulmonary disease should also have an evaluation of the 
right heart chambers, and in selected patients the pulmonary artery systolic pressure 
should be estimated to evaluate for possible pulmonary hypertension. Finally, less 
frequently, cardiac sarcoidosis can also involve other cardiac structures such as the 
pericardium, the valves, or even the coronary arteries. Therefore, regardless of what 
imaging tests are being used, it is important to be as comprehensive as possible 
when imaging patients with cardiac sarcoidosis, and to recognize that no single test 
will be able to always provide all the clinically relevant data for this condition.

 Use of Multimodality Imaging to Assess Response to Therapy

Among patients who are treated or who are being considered for treatment with 
systemic anti-inflammatory therapies, imaging may provide a useful mechanism 
to directly follow – and quantify – the response to therapy. Such an approach may 
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allow clinicians to individualize therapies for each patient and hopefully mini-
mize the duration of toxic therapies for some patients while signifying the need 
to select alternative agents in those who do not respond. Importantly, this is a 
unique role of imaging since, to date, there are no biomarkers that can accom-
plish this important task.

While case reports and small series have suggested changes in CMR LGE in 
response to steroid therapy in cardiac sarcoidosis, use of serial CMR imaging is 
frequently limited by the requirement for cardiac devices in patients with cardiac 
sarcoidosis. Moreover, there is no data regarding whether there are reliable and 
reproducible quantitative CMR techniques that can be used to assess response to 
therapy. Similarly, more data is needed regarding whether strain measurements on 
echocardiography can be used to follow response to therapy.

FDG PET with MPI can readily be used for serial examinations to guide 
immunosuppression therapy. However, comparison of repeated FDG PET imag-
ing requires attention to interpretive methods. Traditionally, cardiac FDG 
images are displayed using a standard nuclear cardiology format that normal-
izes the image to the maximum intensity pixel of the study. Such an approach 
may be problematic for visualizing changes in the intensity and extent of FDG 
uptake between studies because it does not allow for precise analysis of changes 
in peak intensity. This can be overcome by measuring the absolute intensity of 
FDG uptake using multi- modality PET/CT workstations (e.g. GE AW suite; 
MIM vista).

The intensity of FDG uptake in PET images can be quantified using Standard 
Uptake Values (SUV), which are calculated as:

 

SUV
MeasuredActivity kBq ml

Decay corrected FDGdose kBq Pa
=

( )
( )

/

* ttent weight g( )  

Recent data suggest that quantification of SUVs using various methods increases 
the certainty of interpretation and is useful for following response to therapy. 
Osborne et al. evaluated the change in FDG uptake using SUV-thresholded volume 
measurements from repeated FDG PET imaging from 23 patients [12]. Similarly, 
Ahmadian et al. [4] described the utility of quantified FDG volume-intensity to 
demonstrate a decrease with steroid treatment. Both groups found traditional visual 
interpretation and measurement of maximal SUV intensity (SUVmax) did not cor-
relate with clinical improvement or events [19] (Fig. 7.7).

While the precise role and method for quantification of SUV changes is still 
evolving, Table 7.3 describes the various methods of SUV quantification that have 
been described for use in FDG PET for cardiac sarcoidosis.
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 Future Directions and Important Unanswered Questions

Multimodality imaging for cardiac sarcoidosis has advanced rapidly in the past 
decade, due to greater access to PET scanners as well as refinement of FDG PET 
and cardiac MRI techniques. This has lead to the publication of important data 
describing the use of multimodality imaging for the diagnosis and risk stratification 
of patients with suspected cardiac sarcoidosis. Despite increasing levels of evidence 
supporting its use, further work is still needed to define the most appropriate techni-
cal application and clinical use of both CMR and FDG PET with MPI in cardiac 
sarcoidosis.
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90.97 cm3
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to therapy (Source: Waller et al. [19])
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On a technical level, there needs to be increased standardization of acquisition 
protocols and interpretive methods for both CMR and FDG PET imaging. For exam-
ple, it is unclear what role T1 (for extra-cellular volume) and T2-weighted (for edema) 
CMR sequences (and their quantitative mapping approaches) play in the evaluation of 
cardiac sarcoidosis. Interpretation of late gadolinium enhancement severity may be 
aided by quantification, but this approach is in its infancy. In FDG PET imaging, there 
is significant institutional variability in patient preparation (diet, fasting, etc.), which 
can limit comparison of FDG studies between institutions and may affect diagnostic 
accuracy. In addition, while some centers only perform a cardiac FDG acquisition 
(due to reimbursement and/or pre-authorization complexities), acquiring whole body 
FDG images is extremely beneficial and should be done routinely. Finally, further 
study of the optimal method of quantitative interpretation of FDG uptake is needed to 
overcome the inherent limitations of visual interpretation.

To improve the level of clinical evidence for both CMR and FDG PET, compara-
tive efficacy studies are needed. Using these comparative results, new cardiac sar-
coidosis diagnostic criteria can be created using multimodality imaging that is 
grounded in prognostic evidence. Similarly, comparative efficacy of imaging 
screening strategies for cardiac sarcoidosis can help define whether CMR, FDG 
PET with MPI, or both types of imaging should be employed in patients with sus-
pected cardiac involvement. Lastly, further study is needed to define the best immu-
nosuppressive treatment strategy, outlining if treatment is needed in all patients and, 
if so, for how long and with what agent?

In summary, both CMR and FDG PET with MPI imaging are often needed in 
order to fully understand the disease process in a given patient. The information 
gained from these studies can assist in the diagnosis, risk stratification, and follow-
ing the response to treatment of patients with cardiac sarcoidosis.

Table 7.3 Methods for quantifying FDG PET imaging for cardiac sarcoidosis

Method Description Study Outcome

SUVmax Peak measured activity Numerous None
Total SUV Sum of SUVs from each 

cardiac segment
Okumura 
et al. [22]

Associated with VT

Mc Ardle et al. 
[23]

Heart: blood 
pool ratio

Cardiac SUVmax/aorta 
SUVmax

Langah et al. 
[24]

None

Coefficient of 
variance

STDEV of SUVmax for 
each cardiac segment/
average SUV

Tahara et al. 
[21]

None

Volume of 
abnormal FDG

Volume of FDG (+) 
pixels using SUV 
threshold

Osborne 
et al. [12]

Reduction of this measure in 
response to immunosuppression 
is associated with improved 
ejection fraction

Ahmadian 
et al. [4]

Volume- 
intensity of 
abnormal FDG

Volume of FDG (+) 
pixels using SUV 
threshold × mean FDG 
intensity

Ahmadian 
et al. [4]

Associated with combined 
endpoint of VT/CHF/heart block
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Pearls of Wisdom
 1. Advanced imaging with CMR (or alternatively PET) should be considered 

for screening selected patients with suspected cardiac sarcoidosis as these 
techniques are more sensitive than clinical criteria and echocardiography. 
Screening should be pursued for the following groups: (a) Known extra 
cardiac sarcoidosis with positive prior screening with ECG, Holter, or 
echocardiograpy – or new cardiac symptoms; (b) Patients with high clini-
cal suspicion, particularly unexplained heart block or VT.

 2. The role of wider screening of all patients with sarcoidosis is unknown. 
While such an approach will identify more patients who have cardiac 
involvement, it is unknown if identifying and treating clinically silent dis-
ease will lead to any improvement in patient outcomes, and whether such 
approaches will be cost effective.

 3. Cardiac MRI and FDG PET both visualize different pathological attributes 
of cardiac sarcoidosis and likely have a complementary role for diagnosis 
and prognosis. Thus, when either test provides an inconclusive results the 
other test should be considered.

 4. The absence of late gadolinium enhancement (LGE) on cardiac MRI is 
associated with an extremely low rate of future adverse events such as 
ventricular tachycardia or cardiac death. Thus, the absence of LGE can 
reliably exclude the presence of cardiac involvement in the vast majority of 
patients while identifying patients with a favorable prognosis.

 5. It is recommended to assess response to anti-inflammatory therapy with 
serial PET FDG imaging, as some patients will experience significant (at 
times complete) reduction in inflammation and can be tapered off therapy 
while others may have no response in which case consideration of alterna-
tive treatment options is warranted.

 6. When comparing serial FDG PET studies to assess the response to therapy, 
it is useful to quantify the amount and severity of myocardial 
inflammation.

 7. The presence of focal uptake of FDG by the normal myocardium together 
with resting myocardial perfusion defects (i.e. perfusion/metabolism mis-
match) identifies patients who have a higher risk of ventricular tachycar-
dia/sudden cardiac death.

 8. In some patients with perfusion / metabolism mismatch (i.e. reduced per-
fusion/increased FDG uptake), excluding the presence of hibernating 
myocardium may be needed prior to establishing the diagnosis of cardiac 
sarcoidosis.

 9. Due to the possibility of isolated cardiac sarcoidosis, the absence of FDG 
uptake outside the heart cannot be used to exclude the possibility of active 
cardiac disease and does not decrease the future risk of ventricular tachy-
cardia/death.
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    Chapter 8   
 Invasive Procedures and Endomyocardial 
Biopsy 

             Darlene     Kim and         William   H. Sauer   

    Abstract     While epicardial coronary involvement directly from sarcoidosis is rare, 
vasculitis is more common, and overall infl ammation may create a milieu for the devel-
opment of coronary disease. More common is the need for tissue diagnosis for the 
confi rmation of a clinical scenario which suggests myocardial involvement by sarcoid-
osis granulomatous infi ltration. While endomyocardial biopsy is the “gold standard” 
for a diagnosis of myocardial sarcoidosis, it remains a challenging procedure to capture 
the affected tissue owing to the patchy nature of the disease. Concomitant electrophysi-
ologic or imaging studies can augment the likelihood of gathering affected tissue, but 
biopsy sensitivity still remains relatively low. As such, invasive study is certainly use-
ful, but routine use is likely less in line with current standard practice.  

        Cardiac Catheterization 

 Epicardial coronary artery involvement in sarcoidosis is rare, however, can be seen 
as a granulomatous vasculitis. Coronary artery sarcoidosis has been confi rmed on 
autopsy, and a case of biopsy-proven coronary artery sarcoidosis presenting as acute 
coronary syndrome has been reported [ 1 ,  2 ]. Where there is a suspicion of athero-
sclerotic coronary artery disease, or regional myocardial wall motion or perfusion 
abnormalities, diagnostic coronary angiography may be useful. 

 Right heart catheterization to evaluate for possible cardiac sarcoidosis associ-
ated pulmonary hypertension is the diagnostic test of choice to defi ne pulmonary 
artery pressures. When pulmonary hypertension is suspected on the basis of clinical 
presentation or echocardiographic and other non-invasive testing, an invasive hemo-
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dynamic assessment is warranted. Please refer to Chap.   13     regarding sarcoidosis-
associated pulmonary hypertension. 

 Historically, right ventriculography was also used to assess right ventricular 
function, although its utility has essentially fallen away with the development of 
improved imaging modalities to quantify right ventricular function.  

    Electrophysiology Study 

 Patients with extra-cardiac sarcoidosis and signs or symptoms concerning for car-
diac involvement may benefi t from invasive electrophysiologic studies to clarify an 
arrhythmic diagnosis. In addition, information gained from the direct recording of 
intracardiac electrical signals can identify areas of scar consistent with granuloma-
tous infi ltration. These areas of reduced voltage can be targeted for biopsy in cases 
where a histological diagnosis of cardiac sarcoidosis would direct immunosuppres-
sive therapy (see voltage guided biopsy section below). 

 In patients with extra-cardiac sarcoidosis and unexplained palpitations, and/or 
syncope, an EP study can identify an arrhythmic cause and possibly suggest a diag-
nosis of cardiac involvement. Inducible monomorphic ventricular tachycardia in 
these patients is a major diagnostic criteria for establishing cardiac involvement in 
the Revised JMH criteria and is included in the HRS/ACC/WASOG diagnosis for 
“probable cardiac sarcoidosis [ 3 ].” Therefore, ventricular stimulation for a VT induc-
tion attempt is a potential path for diagnosis of cardiac sarcoidosis in the absence of 
other criteria. In addition, the ability to induce VT is a risk factor for sudden death 
and an indication for ICD implantation for the primary’s prevention of sudden death 
(see Chap.   12     on The role of ICD for the management of sudden death risk) [ 4 ].  

    Endomyocardial Biopsy: A Limited Gold Standard 

 Histologic diagnosis by myocardial biopsy remains the gold standard for a diagnosis of 
cardiac sarcoidosis. Endomyocardial biopsies demonstrating non-caseating granuloma 
in the heart defi nitively proves the diagnosis. Unfortunately, while highly specifi c, 
endomyocardial biopsies historically are not very sensitive for cardiac sarcoidosis. As 
a result, cardiac sarcoidosis is often treated presumptively based on clinical diagnosis 
alone. When the diagnosis is suspected based on a probable clinical picture in the con-
text of confi rmed systemic sarcoidosis, and supportive radiographic and ECG evi-
dence, treatment with immunosuppressive therapy like corticosteroids is reasonable 
and appropriate, even despite a negative endomyocardial biopsy [ 1 ]. 

    High Specifi city, But Low Sensitivity 

 Unlike some infi ltrative cardiomyopathies, which have relatively uniform involve-
ment, cardiac sarcoidosis tends to have a more localized and patchy distribution. 
Conventional endomyocardial biopsy samples are taken under fl uoroscopic guidance 
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from the right ventricular septal wall; however, cardiac sarcoidosis often involves 
other regions of myocardium. Areas such as the basal and lateral left ventricular walls, 
which are often affected, are more challenging to sample and are not routinely biop-
sied [ 2 ]. The combination of patchy distribution and conventional biopsy techniques 
result in sampling error, rendering the diagnostic sensitivity of standard endomyocar-
dial biopsy quite low, generally accepted to be about 20 % at best [ 3 ]. The high false-
negative biopsy rates limit the usefulness of this “gold standard.” 

 Establishing a defi nitive diagnosis of cardiac sarcoidosis can be important. 
Recognizing cardiac sarcoidosis in the absence of other organ involvement is chal-
lenging. Distinguishing cardiac sarcoidosis from other cardiomyopathies that can 
mimic cardiac sarcoidosis is also critical, as an accurate diagnosis impacts treat-
ment. Although rare, cardiac sarcoidosis has been known to mimic right ventricular 
dysplasia and idiopathic giant cell myocarditis [ 4 ,  5 ]. Studies also suggest that 
biopsy-proven cardiac sarcoidosis may portend a worse prognosis among patients 
with clinically diagnosed cardiac sarcoidosis [ 6 ]. 

 While the risk of serious complication with conventional endomyocardial biopsy, 
such as right ventricular perforation, is low (under 1 %), and recent case series 
reported no procedure-related deaths, risks must be weighed carefully with the ben-
efi t in management, operator experience, and access to expert cardiac pathology 
review all in mind [ 7 ]. See Table  8.1 .

       AHA/ACCF/ESC Joint Statement 

 The joint scientifi c statement released by the American Heart Association, American 
College of Cardiology Foundation, and the European Society of Cardiology in 2007 
outlines the role of endomyocardial biopsy in the diagnosis and treatment of cardio-
vascular disease. The statement identifi es specifi c clinical scenarios in which 

   Table 8.1    Recent reported incidence of major and minor complications associated with 
endomyocardial biopsy   

  Major complications  
  Total    <1.0 %  
   Death  None 
   Tamponade with pericardiocentesis  0.08–0.80 % 
   Hemothorax or pneumothorax  None 
   Permanent complete AV block with permanent 

pacemaker needed 
 <0.04 % 

   Urgent cardiac surgery  None 
  Minor Complications  
  Total    <5.0 %  
   Small pericardial effusion  0.7–1.8 % 
   Conduction abnormalities not requiring permanent 

pacemaker 
 0.2–3.7 % 

   Arrhythmia  0.2–1.1 % 
   Tricuspid regurgitation  0.43 % 

  Holzmann et al. [ 26 ], Jang et al. [ 27 ], Paul et al. [ 28 ], Yilmaz et al. [ 29 ]  
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endomyocardial biopsy is recommended because “specifi c myocardial disorders 
that have unique prognoses and treatment are seldom diagnosed by noninvasive 
testing” [ 8 ,  9 ]. Clinical scenario three directly relates to cardiac sarcoidosis. 
Although the statement acknowledges that the diagnostic rate for cardiac sarcoid-
osis is low, they recommend endomyocardial biopsy for patients who present with 
unexplained heart failure of greater than 3 months’ duration, with a dilated left 
ventricle, and new ventricular arrhythmias, second-, or third-degree heart block, or 
failure to respond to usual care within 1–2 weeks [ 10 ]. The recommendation empha-
sizes the important distinction between giant cell myocarditis and cardiac sarcoid-
osis because early transplant is recommended in the former, and corticosteroids and 
possibly implantable cardiac defi brillator in the latter. In addition, despite high rates 
of heart block, heart failure, and arrhythmias, survival is better in patients with car-
diac sarcoidosis than with idiopathic giant cell myocarditis [ 11 ] (Table  8.2 ).

       Image-Guided Biopsy 

 Imaging-guided biopsies may improve the diagnostic yield and overcome the sam-
pling error that limits the sensitivity of conventional endomyocardial biopsy. 
18FDG-PET scans and cardiac MRI with delayed gadolinium-enhancement can 
detect areas of active infl ammation and/or damage. Using these scans to direct 
endomyocardial sampling towards areas of tissue that may be more likely to dem-
onstrate histopathologic evidence of sarcoidosis has been demonstrated to be effec-
tive in isolated case reports. A case in which conventional biopsy of the right 
ventricular septum failed to yield a diagnosis, but a repeat MRI-guided biopsy of 
areas of transmural delayed enhancement demonstrated diagnostic non-caseating 
granulomas was published by Borchert et al. [ 12 ]. A paper by Kandolin et al. 
describes their experience in changing diagnostic strategy in detecting isolated 

   Table 8.2    Clinical scenarios where endomyocardial biopsy for cardiac sarcoidosis can be 
considered   

 Heart failure for more than 2 weeks with dilated left ventricle and new ventricular arrhythmias, 
second-or third-degree heart block, or failure to respond to usual care within 1–2 weeks: 
scenario suggests possible cardiac sarcoidosis versus giant cell myocarditis versus idiopathic 
granulomatous myocarditis, where diagnosis has therapeutic implications 
 Suspected arrhythmogenic right ventricular cardiomyopathy (ARVC): multiple case reports of 
cardiac sardoiosis mimicking ARVC 
 Young patient with unexplained second- or third-degree heart block 
 Unexplained ventricular arrhythmias 
 Strong suspicion of cardiac sarcoidosis with cardiac symptoms and equivocal non-invasive 
testing 
 Patients with diagnosis of extracardiac sarcoidosis with suspected cardiac sarcoidosis in whom 
diagnosis confi rmation will substantially change management 

  Nery et al. [ 25 ], Cooper et al. [ 12 ], Greif [ 30 ]  
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cardiac sarcoidosis without clinically apparent extracardiac sarcoidosis. Their expe-
rience suggests an improvement in detection rates with repeated and imaging-
guided biopsies of cardiac and mediastinal lymph nodes [ 13 ].  

    Electroanatomical Mapping-Guided Biopsy 

 Three dimensional electroanatomical mapping (EAM) systems have proven to be 
invaluable tools as part of a strategy for mapping and ablating complex arrhythmias. 
In addition, these systems have also been shown to demonstrate high fi delity recon-
struction of chamber dimension and quantifi cation of viable myocardium [ 12 ]. 
Electrically inert tissue that results from the scar left behind after myocardial infarc-
tion or with infi ltrative cardiomyopathy will be refl ected by a reduced voltage 
recorded by a roving catheter in the endocardium or epicardial space [ 14 ]. As shown 
in Fig.  8.1 , an area of reduced voltage recorded with EAM corresponds to myocar-
dial scar and granulomatous infi ltration as identifi ed in histopathologic studies. The 
presence of mid-myocardial scar is more diffi cult to accurately record with a bipolar 
catheter; however, unipolar mapping may identify this possibility as well [ 15 ].  

 Electroanatomical mapping has been used in arrhythmogenic right ventricular 
cardiomyopathy with excellent correlation to cardiac MRI [ 16 – 19 ]. In addition, 
when endomyocardial regions of scar are identifi ed, a bioptome can be directed to 
these areas for an improved diagnostic yield [ 22 – 24 ]. 

  Fig. 8.1    Gross examination of an explanted heart at autopsy in a patient with cardiac sarcoidosis, 
revealing granulomatous myocardial scarring of the RV septum ( a ). ( b ) Shows the characteristic 
noncaseating granuloma infi ltrating the myocardium at the border-zone with hematoxylin-eosin 
stained tissue at 400× power .  ( c ) Shows an intracardiac electrogram recorded at a similar border- 
zone site. ( d ) Is the electroanatomical map of the right ventricular septum of this same patient 
recorded 2 years prior to autopsy. This area of reduced voltage with heterogeneous distribution of 
low amplitude electrograms corresponds to the myocardial scar caused by sarcoidosis related 
granuloma seen in the pathological examination       
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 In order to perform voltage map guided biopsy, the region of scar is fi rst identi-
fi ed with a roving catheter. The preferred site for biopsy is the right ventricular 
septum, which also represents the most common region affected by cardiac sarcoid-
osis. Biopsy of the epicardium and left ventricle have also been described. Again, a 
blind biopsy of the interventricular septum, as is common for the evaluation of other 
diffuse infi ltrative cardiomyopathies, may not be appropriate for diagnosis of car-
diac sarcoidosis given the heterogenous infi ltration pattern described. Therefore, 
guidance with electroanatomical mapping may be more appropriate. In a study 
evaluating patients with right ventricular cardiomyopathy, EAM guided biopsy 
demonstrated a high rate of myocarditis mimicking ARVC [ 20 ]. Its use to specifi -
cally identify isolated cardiac sarcoidosis has also been demonstrated [ 21 ].   

    Conclusions 
 While the  routine  use of invasive testing cannot be supported based on current 
understanding, there are situations in which invasive testing provides clinically 
relevant information that can alter patient care that cannot be obtained with non- 
invasive testing. When there is a strong suspicion for cardiac sarcoidosis, espe-
cially isolated cardiac sarcoidosis, endomyocardial biopsy is appropriate and its 
yield may be increased by image- or electroanatomic- guided sampling. 

  Table 8.3    Indications for EP 
study in patients with 
sarcoidosis  

 Rare unexplained palpitations 
 Risk stratifi cation for sudden death in patients with known 
cardiac sarcoidosis 
 Unexplained syncope 
 Evaluation of His-Purkinje System disease 

 Pearls of Wisdom 
     1.    Cardiac catheterization for coronary angiography and right heart pressures 

is appropriate when there is a suspicion for coronary artery obstruction and 
pulmonary hypertension. Electrophysiology studies to evaluate for induc-
ible ventricular tachycardia may be appropriate in patients who are symp-
tomatic with palpitations and/or syncope.   

   2.    Conventional endomyocardial biopsies have low sensitivity (less than 
20 %) but high specifi city, and can distinguish cardiac sarcoidosis from 
other pathologies, impacting treatment. Image- or electroanatomic-guided 
biopsies may improve diagnostic yield, but additional studies are needed.   

   3.    Biopsy-proven cardiac sarcoidosis may identify a poorer prognosis among 
patients with clinical cardiac sarcoidosis (Table  8.3 ).      
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    Chapter 9   
 Management of Arrhythmias Related 
to Cardiac Sarcoidosis 

             Matthew     M.     Zipse       and     William     H.     Sauer     

    Abstract     Conduction disease in cardiac sarcoidosis is quite common and likely 
under-recognized. It also can be the fi rst manifestation of the disease and deserves 
serious attention and a careful, comprehensive workup. Conduction disease can 
range from blocks at virtually all levels of the conduction system, and the develop-
ment of both a wide variety of atrial and ventricular arrhythmias. There are several 
treatment strategies, and in appropriate patients, pharmacologic along with device 
therapy may be indicated.  

        Introduction 

 Because the initial presentation of cardiac sarcoidosis (CS) can range from asymp-
tomatic electrocardiographic abnormalities to palpitations to sudden death, the car-
diac electrophysiologist (EP) is an integral part of the multidisciplinary team taking 
care of sarcoidosis patients. Electrophysiologic fi ndings, which often are under- 
recognized, are more common manifestations of CS than congestive heart failure 
(Table  9.1 ). Electrocardiography and invasive electrophysiologic testing are impor-
tant components for the evaluation of cardiac sarcoidosis. After myocardial involve-
ment has been established, patients with CS may meet an indication for implantable 
cardiac defi brillator implantation and require management of this device. This chap-
ter will focus on cardiac arrhythmias and the cardiac electrophysiologist in the man-
agement of patients with sarcoidosis.
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       Conduction System Disease 

 In cardiac sarcoidosis, granulomatous infi ltration of the basal interventricular sep-
tum with resultant infl ammation and subsequent scarring can cause injury to the 
various elements of the cardiac conduction system. This can result in a variety of 
conduction disturbances leading to bundle branch block or any level of atrioven-
tricular block. Because of the progressive nature of CS, the level and severity of 
conduction block may also progress (Fig.  9.1 ).  

    Bundle Branch Block 

 Bundle branch block has been observed on surface electrocardiograms in 12–61 % 
of cases of CS, depending on study series [ 1 – 4 ]. Both the original and 2006 revised 
Japanese Ministry of Health and Welfare guidelines for the diagnosis of CS use 
RBBB as one of the ECG abnormalities constituting a minor diagnostic criterion 
[ 5 ]. While neither sensitive nor specifi c, both RBBB and LBBB are seen more com-
monly in patients with CS than those with sarcoidosis without myocardial involve-
ment [ 4 ], and should prompt further investigations. Further studies are also needed 
to determine whether the presence of bundle branch block has prognostic implica-
tions for the future development of complete atrioventricular block or ventricular 
arrhythmias and sudden death in these patients.  

    Other Asymptomatic Electrocardiographic Findings 

 With infl ammation and subsequent scarring in CS, areas of delayed myocardial acti-
vation are expected, and this can manifest as fragmentation on the surface 
ECG. While not included in previously-published diagnostic guidelines, QRS com-
plex fragmentation, defi ned by the presence of an additional R wave (R′), notching 
in the nadir of the S wave, or the presence of >1 R′ in two anatomically contiguous 
leads (Fig.  9.2 ), was shown in two study series to carry more diagnostic value than 
RBBB alone [ 4 ,  6 ].  

  Table 9.1    Incident 
arrhythmic presentation of 
cardiac sarcoidosis [ 33 ]  

 Prevalence in study series (%) 

 Atrioventricular block  26–67 
 Bundle branch block  12–61 
 Atrial arrhythmias  23–25 
 Ventricular arrhythmias  11–73 
 Sudden cardiac death  12–65 
 Congestive heart failure  10–30 
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  Fig. 9.1    Electrocardiographic progression of conduction system disease in a patient with cardiac 
sarcoidosis. Shown here is the progression (sequential ECGs, from  top -to- bottom ) in one patient 
over a period of 5 years from ( 1 ) sinus rhythm with a narrow QRS complex, to ( 2 ) fi rst degree AV 
delay, to ( 3 ) RBBB, to ( 4 ) sinus node dysfunction with the need for atrial pacing, to ( 5 ) complete 
heart block with ventricular pacing       
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 The signal-averaged ECG (SAECG) has utility in the detection of abnormal 
 activation characterized by late potentials, and may also have both diagnostic and 
prognostic value [ 7 ]. Unlike the standard 12-lead ECG recording, requiring only a 
few seconds, SAECG recording requires up to 10 min, as multiple QRS potentials 
are averaged to allow both for the removal of interference due to skeletal muscle and 
for the detection of low amplitude, high frequency late potentials. While originally 
developed as a means of risk stratifi cation in patients with coronary disease and 
cardiomyopathies to detect substrate for reentry, further investigations are needed to 
assess the abnormal SAECG as a risk marker for ventricular arrhythmias in CS.  

    Atrioventricular Block 

 Conduction block can range from fi rst-degree atrioventricular delay to complete 
atrioventricular block, and the severity of block can progress with progression 
of infl ammation and scar. Complete atrioventricular block (CAVB) is the one of 
the most common fi ndings in patients with clinically-evident cardiac sarcoid-
osis, with a prevalence of 25 % in one retrospective analysis [ 1 ]. While usually 
felt to be related to infi ltration of the conduction system itself, granulomatous 
involvement of the AV nodal artery has also been described as a cause of atrio-
ventricular block in sarcoidosis [ 3 ]. CAVB often occurs at a younger age in 
patients with sarcoidosis than in individuals with complete heart block due to 
other etiologies. 

 Treatment of patients with high grade atrioventricular block with permanent pacing 
should be performed in accordance with published guidelines [ 8 ]. However, the pres-
ence of AV block likely signifi es extensive myocardial involvement from sarcoidosis 
granuloma and portends a higher risk of future ventricular arrhythmias [ 9 ]. For this 
reason, the recently-published expert consensus statement from the Heart Rhythm 
Society related to the management of CS gives a Class IIa recommendation for ICD 
implantation (regardless of left ventricular ejection fraction) for the primary prevention 

a b

  Fig. 9.2    ECG demonstrating QRS complex fragmentation and repolarization abnormalities (panel 
 a ), particularly notable in the lateral leads ( arrows , panel  b )       
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of sudden cardiac death in CS if the patient meets an indication for  pacing [ 10 ]. And, 
while there are no specifi c data related to the use of cardiac resynchronization therapy 
in CS patients, relevant recommendations based on major trials investigating biven-
tricular pacing from the general device guidelines should apply to CS patients [ 8 ]. 

 CAVB can be reversible in CS (see case vignette on recovery of atrioventricular 
conduction in Chap.   14    ), and there may be a role for immunosuppression in attempt to 
reverse CAVB. Kato et al. described their experience with 20 patients with CAVB and 
preserved left ventricular function [ 11 ]. AVB resolved in four of seven patients treated 
with corticosteroids (57 %), but did not improve in any of the untreated patients. In 
another study, atrioventricular conduction improved to normal in four of eight CAVB 
patients with relatively preserved left ventricular function, but in none of the four 
patients with advanced left ventricular dysfunction when given steroid treatment [ 12 ]. 
Accordingly, current guidelines state (with a Class IIa recommendation) that immuno-
suppression can be useful in CS patients with Mobitz II or third degree heart block. 

 Lastly, it should be noted that CAVB in young patients (less than 60 years of age) 
should prompt evaluation for sarcoidosis, even in those who do not carry a previous 
diagnosis of extracardiac sarcoidosis. CAVB can be the initial manifestation of car-
diac involvement in patients with a prior diagnosis of systemic sarcoidosis, as well 
as the fi rst clinical manifestation of sarcoidosis from any organ. This was the case in 
a Japanese study of 89 consecutive patients with no known history of sarcoidosis 
with high-grade atrioventricular block requiring permanent dual chamber pacemaker 
implantation that were prospectively evaluated for cardiac sarcoidosis. Ten cases 
(11.2 %) of cardiac sarcoidosis were diagnosed, most frequently in young women 
aged 40–69 (32 %) [ 13 ]. Kandolin et al. investigated 72 patients (age <55 years) with 
unexplained AV block and found biopsy-verifi ed CS in 14 (19 %) and ‘probable’ CS 
in 4 (6 %) of the 72 patients [ 14 ]. Patients with sarcoidosis had a signifi cantly more 
adverse prognosis when compared to patients with idiopathic AV block in this series.  

    Sinus Node Dysfunction 

 Extensive granulatomous lesions in the sinoatrial node subendocardium have previ-
ously been described in autopsy series [ 15 ,  16 ], and sinus node dysfunction may be 
an under-recognized manifestation of CS [ 17 ]. Figure  9.3  shows an electrocardio-
gram of a patient with sinus node dysfunction and CS, ultimately leading to sinus 
arrest, and ultimately a polymorphic VT arrest. Patients with sinus node dysfunction 
may have an indication for permanent pacing, and if this is the case, dual chamber 
ICD implantation may be reasonable.    

    Atrial Arrhythmias 

 Supraventricular arrhythmias and atrial fi brillation are common in CS, with a preva-
lence ranging from 23 to 36 % (Fig.  9.4 ) [ 18 – 20 ]. In a study of 100 consecutive 
patients with biopsy-proven systemic sarcoidosis and evidence of cardiac 
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involvement by MRI, PET, or endomyocardial biopsy, a 32 % prevalence of 
 supraventricular arrhythmias was observed over a mean follow-up period of 
5.8 years. Arrhythmias were documented by ECG, device interrogation data, or 
ambulatory telemetry monitoring. Atrial fi brillation was the most common supra-
ventricular arrhythmia reported, accounting for 56 % of those described. After mul-
tivariate analysis, left- atrial enlargement was the only parameter signifi cantly 
associated with supraventricular arrhythmias (HR 6.12, 2.2–17.1, P < 0.01) [ 18 ].  

 A similar prevalence of atrial arrhythmias was described in a separate retrospec-
tive series, in which 16/44 (36 %) patients with evidence of CS by cardiac magnetic 
resonance imaging (CMR) had documented atrial arrhythmias, the most common of 
which was atrial tachycardia (18 %). In the 26 patients with ICDs in this cohort, 
11.5 % received inappropriate ICD therapies for atrial arrhythmias [ 20 ]. This was 
similar to the 12 % incidence of inappropriate therapies in a separate study [ 21 ]. 

 Atrial arrhythmias arise from a variety of mechanisms in CS. In a third recently- 
investigated series, 15/65 patients (23 %) with CS experienced 28 distinct symptom-
atic supraventricular arrhythmias (9 Atrial Fibrillation; 3 Atrial Flutter; 16 Atrial 
Tachycardia). These patients ultimately underwent electrophysiologic testing to 
characterize the arrhythmias. The mechanism of atrial arrhythmias was determined 
to be from triggered activity in 11 %, abnormal automaticity in 47 %, and reentrant 
in 42 % of the non-AF atrial arrhythmias. Infl ammation and edema associated with 
the initial infi ltrative stage and scar that manifests as the disease progresses to the 
fi brotic stage likely independently account for the differing mechanisms observed. 

 The variety of mechanisms and differing substrate for atrial arrhythmias in CS 
suggests that management of atrial arrhythmias may require a multi-faceted 
approach including immunosuppression, antiarrhythmic therapy, catheter ablation, 
or a combination of these strategies for arrhythmia control. Immunosuppression is 

a

b

  Fig. 9.3    A 12-lead ECG in a patient with CS showing sinus arrest, inferior QRS fragmentation, 
and QT prolongation with EADs ( a ), ultimately leading to a polymorphic VT arrest ( b )       
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discussed in greater detail in subsequent chapters, though the three study series 
described above each employed immunosuppression with variable results. In one of 
the series, the overall burden of atrial fi brillation appeared to decrease with immu-
nosuppression [ 19 ]. Anti-arrhythmic therapy might include the use of class IC 
agents, class III agents, or beta-blockers. The effi cacy of these drugs for the control 
of atrial arrhythmias has not been specifi cally studied in CS. 

 Lastly, catheter ablation appears to be tolerated and effi cacious in patients with 
CS. In a recent study reporting on a local experience of catheter ablation of atrial 
arrhythmias in nine CS patients with ten different atrial arrhythmias, two patients 
had recurrences requiring repeat procedures, but all ultimately became arrhythmia 
free over a limited 1.8 year mean follow-up period. There were no complications 
reported in this small case series [ 22 ].  
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  Fig. 9.4    The prevalence of atrial arrhythmias are shown here ( a ) from three different cohorts of 
CS patients from studies at the University of Chicago [ 20 ], University of Miami [ 18 ], and 
University of Colorado [ 19 ]. The mechanisms of atrial arrhythmias in CS are diverse ( b ) [ 19 ]       
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    Ventricular Arrhythmias 

 Just as atrial infl ammation and fi brosis can lead to atrial arrhythmias in CS, involve-
ment of the ventricular myocardium can lead to ventricular arrhythmias (Fig.  9.5 ) 
by similar triggered, automatic, and reentrant mechanisms [ 23 – 27 ]. Prior to the use 
of the implanted cardiac defi brillator (ICD), sudden death secondary to ventricular 
tachyarrhythmias accounted for approximately 25–65 % of deaths caused by CS [ 2 , 
 3 ,  28 ]. Furthermore, ventricular arrhythmias have frequently been described as the 
initial presentation of CS [ 29 ]. In patients with CS, an ICD may be indicated, and 
this is discussed in detail in Chap. 12.  

 Infl ammation associated with granuloma infi ltration can play a signifi cant role in 
the exacerbation of electrical storm in CS patients. Schuller et al. found the incidence 
of  ICD storm , defi ned as three or more appropriate ICD therapies in 24 h, to be particu-
larly high – 11 % (16 of 112 patients) in their cohort [ 21 ]. Predictors of ICD storm 
included left ventricular dysfunction (OR 6.71 [95 % CI 1.45–31.2], P = 0.015) and 
right ventricular dysfunction (OR 3.86 [95 % CI 1.16–12.8], P = 0.03), suggesting that 
more extensive myocardial involvement is a predisposing factor to electrical storm. 

 Because corticosteroids can play an integral role in arrhythmia suppression, 
treatment in new presentations with ventricular tachycardia (VT) or ventricular 
fi brillation (VF) should begin with assessment for active infl ammatory sarcoidosis 

  Fig. 9.5    A case of spontaneous pleomorphic ventricular tachycardia in a patient with cardiac 
sarcoidosis (Courtesy of Fermin Garcia, MD)       
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myocarditis and therapy with immunosuppression as indicated [ 25 ,  30 ,  31 ]. In other 
cases of VT in cardiac sarcoidosis, the disease has already progressed to the fi brotic 
stage and generated scar. As in patients with other cardiomyopathies and VT, scar 
serves as substrate for reentry by creating both a zone of slow conduction and an 
anatomical barrier around which a circuit may propagate [ 27 ]. 

 Ventricular arrhythmias in sarcoidosis patients, when present, can be more diffi cult 
to control (both with anti-arrhythmic therapy and by catheter ablation) than in patients 
with other cardiomyopathies because ventricular involvement is frequently more diffuse 
and heterogeneous. The complicated pattern of scarring that occurs with CS can provide 
substrate for circuits involving the endocardium, epicardium, and mid-myocardium. 

    Anti-arrhythmic Drugs for Ventricular Arrhythmias 

 Corticosteroids alone can be ineffective at preventing monomorphic VT [ 23 ,  25 , 
 26 ], as disease progression through the infl ammatory stage has sometimes already 
progressed to scar formation creating an arrhythmic substrate, which is unlikely to 
be reversed with immunosuppression. Anti-arrhythmic drug use varies widely and 
can include beta blockers, Class IA, IB, IC, and III agents – used both in isolation 
or in combination, each with variable outcome [ 25 ,  27 ,  32 ,  33 ]. Mohsen et al. 
reported that of the 21 patients in their series requiring anti-arrhythmic drugs, nine 
patients continued to have ventricular arrhythmias and appropriate ICD therapies 
(with a mean of 8.7 shocks per patient over a mean 4-year follow-up period).  

    Catheter Ablation of Ventricular Arrhythmias 

 Medical therapy alone is commonly ineffective at complete arrhythmia suppression 
[ 23 ], in which case catheter ablation may be indicated. Jefi c et al. have reported on 
nine patients with CS and VT who underwent radiofrequency ablation, resulting in 
elimination of 31 of 44 (70 %) inducible VTs, and a subsequent decrease (n = 4) or 
complete elimination (n = 5) of VT over a mean follow-up period of 20 months [ 25 ]. 
Most of the VTs were re-entrant in mechanism, and VTs were found to be both 
endocardial and epicardial in origin, as well as left- and right-sided, though the most 
prevalent location of reentry (7/21 VTs) was the tricuspid annulus. 

 Koplan et al. reported their experience of VT ablation in CS patients, with contrast-
ing results to Jefi c et al. In their case series, half of the patients were referred for heart 
transplantation for recurrent VTs post-ablation, and most patients (6/8) had recurrent 
VT [ 24 ]. In this series, patients tended to have more severe left ventricular dysfunction, 
suggesting that arrhythmic substrate in the former series may have been more localized 
and amenable to radiofrequency ablation. Ultimately, with the varied severity of dis-
ease burden, a combination approach including immunosuppression, anti-arrhythmic 
therapy, and catheter ablation may be required for arrhythmia control in CS.   
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    Conclusion 

 Cardiac sarcoidosis can present in the setting of advanced systemic disease or in 
clinical isolation. The manifestations of CS are highly variable: myocardial involve-
ment can be subclinical, or it may lead to atrioventricular block, heart failure, atrial 
and ventricular arrhythmias, or sudden cardiac death. 

 Conduction system disease, either symptomatic or asymptomatic, is the most com-
mon presentation of CS. Young patients presenting with heart block may have underly-
ing sarcoidosis; accordingly, all patients under the age of 60 presenting with idiopathic 
heart block should be screened for CS. Among patients with CS, pacing is indicated for 
higher levels of heart block, but the presence of heart block is an independent predictor 
of appropriate ICD therapy and therefore consideration of dual chamber ICD or CRT-D 
implantation should be given if sarcoidosis is known to be the cause of the heart block. 

 Ventricular arrhythmias are the second most common presentation of cardiac 
sarcoidosis. These arise when sarcoidosis granulomas within the myocardium lead 
to infl ammation or scar and become foci for abnormal automaticity, triggered activ-
ity, or reentry. Management of ventricular arrhythmias often requires a combination 
of immunosuppression, anti-arrhythmic therapy, and catheter ablation. 

 In addition to conduction disease and ventricular arrhythmias, other described 
arrhythmias include ectopic atrial activity, paroxysmal atrial tachycardia, atrial fl ut-
ter, atrial fi brillation, and sinus arrest secondary to granulomatous involvement of 
the sinus node. These atrial arrhythmias arise from diverse mechanisms, and may 
also be amenable to anti-arrhythmic therapy and catheter ablation. 

 Pearls of Wisdom 
     1.    Cardiac sarcoidosis can present in the setting of advanced systemic disease 

or in clinical isolation.   
   2.    The manifestations of CS are highly variable: myocardial involvement can 

be subclinical, or it may lead to atrioventricular block, heart failure, atrial 
and ventricular arrhythmias, or sudden cardiac death.   

   3.    All patients under the age of 60 presenting with idiopathic heart block 
should be screened for CS.   

   4.    Ventricular arrhythmias are the second most common presentation of car-
diac sarcoidosis. These arise when sarcoidosis granulomas within the 
myocardium lead to infl ammation or scar and become foci for abnormal 
automaticity, triggered activity, or reentry. Management of ventricular 
arrhythmias often requires a combination of immunosuppression, anti- 
arrhythmic therapy, catheter ablation, and implantable 
cardioverter-defi brillators.   

   5.    Because the overall burden of arrhythmia and conduction disease is high in 
patients with CS and management is complex and multifaceted, the car-
diac electrophysiologist plays an important role in the multidisciplinary 
care of these patients.     
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 Because the overall burden of arrhythmia and conduction disease is high in 
patients with CS and management is complex and multifaceted, the cardiac electro-
physiologist plays an important role in the multidisciplinary care of these patients. 
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    Chapter 10   
 Acute Management of Cardiac Sarcoidosis 

             Neal     K.     Lakdawala       and     Garrick     C.     Stewart     

    Abstract     The initial presentation of cardiac sarcoidosis (CS) may be in the acute 
care setting with heart block, ventricular tachycardia (VT) or acute heart failure 
(HF). Cardiovascular clinicians should consider sarcoidosis in the differential diag-
nosis when confronting these relatively common problems, especially where the 
patient is relatively young and once coronary heart disease has been excluded. 
Corticosteroids are the principal immunosuppressant used in the acute setting, owing 
to its relatively rapid effect. Although minimal controlled data are available to guide 
the use of corticosteroids, they have been most effective in resolving AV block. 
Accordingly, conventional management of VT and HF should be also be utilized.  

        Introduction 

 Clinicians encountering cardiac sarcoidosis (CS) in an acute care setting are charged 
with managing a potentially life threatening disease without the benefi t of a robust 
database of clinical trials on which to base their management. Accordingly, this 
chapter refl ects one group’s approach to this disease based upon the limited infor-
mation available in the medical literature and enhanced by clinical experience. 
Hopefully this is a salvo in a sustained effort to improve our collective abilities to 
diagnose, risk stratify and manage patients with this vexing illness. 

 One key factor in managing acute presentations of CS is  recognizing  the disease. 
Indeed there are several practical reasons to include CS in the differential diagnosis 
of atrioventricular (AV) block, ventricular tachycardia (VT) and acute heart fail-
ure with systolic dysfunction. For one, anti-infl ammatory therapies are generally 
considered more effective if initiated prior to end-stage disease. Second, diagno-
sis of CS may infl uence device utilization in the setting of conduction disease. As 
reviewed in Chap.   12     and elsewhere, the general practice is to implant a cardioverter 
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defi brillator (ICD) in lieu of a pacemaker (PPM) [ 1 ]. Moreover, a CS diagnosis 
may be unnecessarily delayed by conventional management of heart rhythm dis-
orders. For example, PPM or ICD implantation typically precludes future cardiac 
magnetic resonance imaging (CMR) and delays endomyocardial biopsy as newly 
placed leads could by displaced by the bioptome. Moreover, radiofrequency abla-
tion may confound the use of  18 F-labeled fl uorodeoxyglucose (FDG) positron emis-
sion tomography (PET) to identify cardiac infl ammation.  

    When to Suspect Cardiac Sarcoidosis 

 Infrahissian AV block (either Mobitz II or 3rd degree), monomorphic VT (often 
multifocal) and heart failure with reduced left ventricular systolic function are the 
principle cardiac manifestations of sarcoidosis which can culminate in presentation 
to an acute care setting. Associated symptoms include syncope, cardiac arrest, dys-
pnea, and reduced exercise capacity. Much less commonly an acute presentation of 
CS is secondary to mitral regurgitation or pericardial effusion. 

 Heart failure and arrhythmia are amongst the most common general reasons for 
cardiac hospitalization. How then to recognize a rare cause (sarcoidosis) hidden 
amongst the many presentations of ischemic and hypertensive heart disease? The 
approach below is to consider different scenarios, where the pre-test probability of 
CS ranges from relatively high (cardiac presentation in patients with known sys-
temic sarcoidosis) to low (index presentation of isolated CS). In each of these differ-
ent scenarios, alternate diagnoses should be considered, especially ischemic heart 
disease, which by virtue of its high prevalence, is a likely cause of cardiac hospital-
ization regardless of the pretest probability for CS. 

    Cardiac Manifestations in Patients with Known 
Systemic Sarcoidosis 

 Patients presenting with acute cardiac manifestations of sarcoidosis in the context 
of an established diagnosis of systemic sarcoidosis should be readily recognized 
by providers. Different diagnostic criteria can be used in this setting (Table  10.1 ). 
These tools are expert consensus documents that have not been empirically derived 
nor well validated. The Japanese Ministry of Health and Welfare (JMHW) criteria 
were fi rst established in 1993 [ 2 ] and refi ned in 2007 [ 1 ]. Defi nite diagnosis of CS 
according to the JMHW criteria are present if a noncaseating granuloma is seen in 
the myocardium – or – probable diagnosis of CS is made if a patient with proven 
extra cardiac sarcoidosis has a combination of electrocardiographic fi ndings plus 
either abnormal cardiac imaging or hemodynamics. The Heart Rhythm Society 
(HRS) and the World Association of Sarcoidosis and Other Granulomatous 
(WASOG) disorders have recently provided similar consensus recommendations 
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for the diagnosis of cardiac sarcoidosis. Like the JHMW criteria, defi nite CS diag-
nosis can be made if microscopic examination of the heart reveals noncaseating 
granulomas – or – probable diagnosis can be made in the context of pathologically 
confi rmed systemic disease and non-invasive evidence of cardiac abnormalities 
[ 1 ,  3  ].

      Cardiac Manifestations in Patents with Hitherto Unknown 
Systemic Sarcoidosis 

 Although there is a broad differential diagnosis for the presenting symptoms of CS, 
in young patients without ischemic heart disease, the likelihood of underlying CS 
increases. Accordingly, patients without previously known systemic sarcoidosis 
should be queried for history suggestive of multisystem involvement (e.g. cough, 
iritis, dermatologic abnormalities). Here, the identifi cation of non-cardiac involve-
ment and establishment of diagnosis through histologic evaluation (e.g. lymph node 
biopsy) can be pivotal.  

   Table 10.1   Consensus diagnostic criteria for cardiac sarcoidosis   

 JMHW  HRS 2014 

 Defi nite diagnosis  Histologic evidence of cardiac 
non-caseating granuloma 

 Histologic evidence of cardiac non- 
caseating granuloma, with no 
alternative cause identifi ed 
(i.e., infection) 

 Probable/clinical 
diagnosis 

 Histological diagnosis of 
extra-cardiac sarcoidosis 
  And  ECG abnormalities: right 
bundle branch block, left axis 
deviation, VT, premature 
ventricular contractions, ST-T 
wave abnormalities or Q wave 
  And  one of the following: 
 1. Echocardiographic evidence of 
regional wall motion 
abnormalities or left ventricular 
dilation 
 2. Nuclear imaging: perfusion 
defect or cardiac Gallium/PYP 
uptake 
 3. Invasive hemodynamics: 
increased ventricular fi lling 
pressures, reduced cardiac output 
 4. Biopsy: interstitial fi brosis or 
cellular infi ltration 

 Histological diagnosis of extra-cardiac 
sarcoidosis 
  And  one or more of the following: 
 1. Steroid/immunosuppressant 
responsive cardiomyopathy or AV 
block 
 2. Unexplained reduced LVEF 
(<40 %) 
 3. Unexplained sustained VT 
(spontaneous or induced) 
 4. Mobitz type II or 3rd degree 
AV block 
 5. Patchy uptake on dedicated cardiac 
PET a  
 6. Late gadolinium enhancement 
on CMR a  
 7. Positive gallium uptake a  
  And  other causes for cardiac 
manifestations have been reasonably 
excluded 

    CMR  cardiac magnetic resonance imaging,  PET  positron emission tomography,  JMHW  Japanese 
Ministry of Health and Welfare criteria,  VT  ventricular tachycardia 
  a In a pattern consistent with cardiac sarcoidosis  
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    Cardiac Manifestations in Patients with Isolated
Cardiac Sarcoidosis 

 The diagnosis of sarcoidosis limited to the heart without extra-cardiac features is 
challenging. The classic teaching is that isolated CS is rare, however the epide-
miologic data are suspect. Anecdotal experience includes patients only recognized 
to have CS at the time of cardiac transplantation, when the explant is carefully 
examined by a pathologist, or at autopsy. Our general approach is to extensively 
evaluate for CS in young patients presenting with infrahissian block, dilated car-
diomyopathy with conduction disease and/or arrhythmia, or repetitive multifocal 
monomorphic VT. 

 A relatively high prevalence of CS has been reported in adult patients younger 
than 60 presenting with AV block [ 4 ]. In a single center prospective study utilizing 
FDG-PET in 32 young and middle aged adults presenting with idiopathic AV block, 
CS was identifi ed in 34 % of subjects. All were subsequently found to have sys-
temic sarcoidosis. In addition to ischemic heart disease, Lyme carditis and inherited 
neuromuscular disease should be considered alongside CS in these patients. 

 In patients without ischemic heart disease who present with sustained VT, car-
diac sarcoidosis may be present in up to 10 % of cases [ 5 ,  6 ]. These patients are 
usually middle aged with multifocal monomorphic VT and electrophysiological 
evidence of scar reentry. Left ventricular systolic dysfunction and AV block often, 
but not universally, coexist with VT in these patients. 

 Dilated cardiomyopathy with conduction disease and/or arrhythmia (DCM+E) 
has been variably described in the literature as conduction cardiomyopathy [ 7 ], 
DCM+E [ 8 ] or arrhythmogenic cardiomyopathy [ 9 ]. By recognizing a heavy burden 
of conduction disease and/or arrhythmia in DCM, the differential diagnosis can be 
narrowed to a number of etiologies with specifi c therapeutic and prognostic impli-
cations [ 8 ]. Broadly categorized, DCM+E can be caused by ischemic, genetic, 
infections, and infl ammatory etiologies. Once ischemic heart disease has been 
excluded, key clinical features can be used to distinguish amongst the other patholo-
gies and defi nitive testing is often available. 

 A family history of unexplained sudden death, heart failure or cardiac  transplantation 
should be obtained. Genetic testing, inclusive of genes commonly mutated in DCM+E 
(LMNA, DES, SCN5A, EMD, DSP, PKP2, DSC2), is now widely available. Although 
results will not be available for up to 14 weeks, the identifi cation of a disease causing 
DNA variant in the appropriate clinical context can provide defi nitive diagnostic 
information allowing the reasonable exclusion of alternate etiologies including CS 
along with the identifi cation of at risk family members [ 10 ,  11 ]. 

 Residence or extended travel to areas where infection with Trypanosoma cruzi 
is endemic is key to identifying patients with Chagas heart disease [ 12 ]. Like CS, 
Chagas heart disease can present with conduction disease, regional wall motion 
abnormalities and ventricular tachyarrhythmia. Serologic testing in the appropriate 
setting can identify patients with Chagas heart disease and can enable therapy with 
anti-parasitic therapies such as benznidazole which may alter the natural history 
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of this otherwise unrelenting disease [ 13 ]. Moreover, erroneous use of immuno-
suppression for presumed CS in a patient with Chagas heart disease could lead to 
accelerated pathogenesis [ 14 ]. 

 Giant cell myocarditis (GCM) is a rare but devastating infl ammatory cardiomy-
opathy with many of the same clinical features of CS, albeit with a rapidly progres-
sive course. Amongst patients presenting with rapidly progressive cardiomyopathy, 
often without dilated remodeling, GCM should be considered. Although therapy for 
giant cell myocarditis is unrefi ned, its identifi cation should prompt consideration 
for cardiac transplantation owing to its generally poor prognosis. Unlike CS where 
the yield of endomyocardial biopsy is generally low (see Chap. 9) the diffuse myo-
cardial involvement in GCM is usually readily apparent on biopsy.  

    Acute Evaluations for Cardiac Sarcoidosis 

 Our approach to the evaluation of sarcoidosis is context dependent, as enumerated 
above. In patients with proven systemic disease, the exclusion of coronary heart dis-
ease and either FDG-PET or CMR fi ndings suggestive of CS are usually suffi cient to 
make a diagnosis. However, we prioritize this testing to precede ICD implantation or 
radiofrequency ablation due to the limiting/confounding effects of these therapies on 
non-invasive testing. Amongst patients with suspected isolated CS, we perform a thor-
ough evaluation for extra-cardiac sarcoidosis, enhanced with FDG-PET. If not pres-
ent, we have a low threshold to perform endomyocardial biopsy. In this setting, the 
performance of voltage guided biopsy may increase the diagnostic yield and is gener-
ally favored [ 15 ,  16 ]. As noted earlier, the implantation of a PPM or ICD usually limits 
the performance of biopsy for at least a month due to concerns of lead dislodgement.   

    Acute Medical Management of Cardiac Sarcoidosis 

 Medical therapy initiated in the acute care setting should be undertaken based on 
the severity of cardiac involvement and with a broader perspective of the patient’s 
multisystem involvement, prior therapies, and clinical trajectory. The response to 
prior immunosuppressive therapy, including corticosteroids and the use of steroid 
sparing agents is an important consideration. The presence of severe extra-cardiac 
disease may justify immunosuppressive therapy ipso facto. To the contrary, patients 
with advanced or end-stage cardiac involvement may have little to gain from 
 immunosuppression and may only suffer its adverse consequences. 

 The content below focuses on the use of corticosteroid immunosuppression and 
presupposes that conventional therapies for heart failure (diuretics, neuro-hormonal 
antagonists) and arrhythmia (antiarrhythmic drugs, radiofrequency ablation) are 
used. In general, a diagnosis of CS should lead to the addition of immunosuppres-
sive medications on top of conventional therapies. 
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 As described in detail in Chap.   11    , immunosuppressive therapies are frequently 
utilized in CS, albeit without prospective or well-designed clinical studies to inform 
dose, duration or extent of effi cacy. The published studies likely refl ect some degree 
of publication and ascertainment bias and usually only describe an individual center’s 
approach to management. Indeed the limitations of the published literature were 
highlighted in a recently published systemic review of the literature by Nery and col-
leagues [ 17 ]. They concluded that the best data exist for the effi cacy of steroids for 
the management of AV block related to sarcoidosis and that the existing literature 
pertaining to VT and heart failure do not enable a statement of effi cacy. 

 Of the different immunosuppressive agents used in sarcoidosis, the experience is 
greatest with corticosteroids. Because corticosteroids have a rapid onset of action, 
they are generally the agent used in the acute setting where rapid control of infl am-
mation is desired. Steroid sparing agents such as methotrexate typically require 
weeks to take effect and accordingly are not reviewed here. 

 Our general approach to corticosteroid therapy is to initiate prednisone at high 
dose (0.5 mg/kg), which is then gradually tapered off over the ensuing 6–12 months. 
The use of non-invasive imaging and clinical cues to guide the weaning of steroids 
is detailed elsewhere in this text. However, prior to the initiation of high dose corti-
costeroids for CS, providers are advised to assess for risk of complications and 
prepare the patient accordingly (Table  10.2 ). This includes a test for latent tubercu-
losis infection and subsequent management, as well as an assessment for osteopo-
rosis and glucose intolerance.

       Scenarios Where Corticosteroids May Be Useful 
in the Acute Management of Cardiac Sarcoidosis 

    Atrioventricular Block 

 The best data in support of corticosteroid therapy for CS are for patients presenting 
with AV block. As summarized by Sadek and colleagues [ 17 ], 6 studies, including 
a total of 73 patients, have reported the outcomes associated with steroid therapy in 
patients presenting AV block. Amongst 57 patients treated with steroids, nearly half 
had resolution of AV block, whereas recovery of conduction occurred in none of the 
16 patients not receiving steroids. As noted previously, ICD implantation in lieu of 
a standard dual chamber pacemaker should be strongly considered in patients 
requiring pacing for symptomatic conduction disease [ 1 ].  

    Ventricular Tachycardia 

 There are extremely limited data to inform the use of corticosteroids to manage 
symptomatic VT in CS. As the underlying etiology appears to be related to scar 
reentry [ 5 ], and reduction in infl ammation is not expected to reduce scar burden, 
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steroids may have limited effect of VT burden. Accordingly, it is advised that ICD 
implantation for VT in CS  not  be deferred for course of steroid therapy [ 1 ]. 
Amiodarone has been used effectively for VT in CS, although controlled studies are 
lacking. Catheter radiofrequency ablation has been used to reduce the burden of VT 
in small series of patients [ 18 ], but may be less effi cacious than when used for VT 
in other forms of non-ischemic cardiomyopathy [ 19 ].  

    Worsening Systolic Function 

 Patients presenting with a new decline in LV systolic function, especially without 
signifi cant dilated remodeling are generally treated aggressively with corticoste-
roids. As with other forms of cardiomyopathy, once signifi cant dilated remodeling 
has occurred, the prospects of recovery with therapy (anti-infl ammatories in the case 
of CS) is generally limited. In an uncontrolled retrospective study of CS treated with 
corticosteroids, including 24 with systolic dysfunction (LVEF <55 %), Chiu et al. 
reported an improvement in LVEF (40 ± 10–51 ± 12 %, p = 0.008) in patients with 
moderate systolic dysfunction at baseline. However there was no improvement in 
the subset with severe systolic dysfunction (LVEF <30 %) prior to starting steroids 
[ 20 ]. The time course of recovery of systolic function has not been well described. 

 Our approach is to consider corticosteroids in patients with severe systolic dys-
function where ventricular dilation is not present and/or where FDG-PET suggests 
active infl ammation. Conversely the absence of infl ammation by FDG PET may 

   Table 10.2    Testing and management for selected corticosteroid therapy toxicities   

 Corticosteroid 
toxicities  Pre-initiation testing  Management 

 Activation of latent 
tuberculosis 

 Test for latent TB 
infection (purifi ed 
protein derivative, 
interferon-gamma 
release assay) 

 Treatment of latent TB 

 Opportunistic 
infection (e.g. 
pneumocystis) 

 HIV  Consider prophylaxis in selected patients with 
trimethoprim/sulfamethoxazole or alternative 

 Hypertension  Blood pressure  Hypertension management 
 Weight gain  Body mass index  Dietician consult 
 Glucose intolerance  Fasting glucose, 

glycosylated 
hemoglobin 
concentration (Hgb 
A1C) 

 Serial measurement of fasting glucose 
 Medical therapy 

 Osteoporosis  Bone densitometry 
(e.g. DEXA) scan 

 Bisphoshonates 

 Glaucoma  Measurement of 
intraocular pressure 

 Referral for management 
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identify a subset of patients with mild-moderate systolic dysfunction who may not 
benefi t from steroid therapy. Of the different patterns of CS activity on FDG-PET, 
the presence of a perfusion defect with FDG avidity (“mismatch pattern”) and/or 
right ventricular FDG uptake have been associated with worse prognosis and hence 
may have the most to benefi t from corticosteroid therapy [ 21 ]. Sarcoidosis recur-
rence has been reported in patients who have undergone cardiac transplantation for 
CS, representing a challenging subset with recurrent disease despite active immuno-
suppression [ 22 ]. 
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    Chapter 11   
 Immunosuppressive Management of Cardiac 
Sarcoidosis 

             Divya     Patel       and     Nabeel     Y.     Hamzeh     

    Abstract     Sarcoidosis is a multi-system granulomatous disorder of yet unknown 
etiology that predominantly involves the lungs in over 90 % of cases but can also 
involve any organ in the body. Cardiac sarcoidosis is detected clinically in about 
5 % of patients with sarcoidosis but on autopsy in as many as 40 % suggesting that 
the majority of cases may be  underdiagnosed. Complications of cardiac sarcoidosis 
can include ventricular dysfunction, conduction abnormalities, ventricular arrhyth-
mias and sudden cardiac death. These may occur suddenly, without warning in a 
previously asymptomatic or undiagnosed patient. There are currently no guidelines 
on how to defi nitively manage cardiac sarcoidosis. The goal of immunosuppressive 
(IS) therapy in cardiac sarcoidosis is to reverse any ongoing active granulomatous 
myocarditis, potentially prevent progression of myocardial granulomatous infl am-
mation to scar tissue, and reduce or prevent the development of serious or life 
threatening cardiac complications. Management of cardiac sarcoidosis requires the 
collaborative effort of a sarcoidosis expert, an electrophysiologist, and a general 
cardiologist.  
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        Introduction 

 Sarcoidosis is a multi-system granulomatous disorder of yet unknown etiology [ 1 ] 
which predominantly involves the lungs in over 90 % of cases but can also involve 
any organ in the body [ 1 ,  2 ]. In the United States, the age-adjusted annual incidence 
rate in Caucasians is 10.9 per 100,000 and 35.5 per 100,000 in African Americans 
[ 1 ]. Cardiac sarcoidosis is detected clinically in about 5 % of patients with sarcoid-
osis but on autopsy in as many as 40 % suggesting that it is clinically under- 
diagnosed [ 3 ,  4 ]. It can be asymptomatic or present as palpitations, dyspnea on 
exertion out of proportion to pulmonary involvement, syncope or pre-syncopal epi-
sodes, or rarely with sudden cardiac death [ 3 ,  4 ]. There are currently no guidelines 
or statements on how to manage cardiac sarcoidosis [ 5 ]. Management of cardiac 
sarcoidosis requires the collaborative effort of a sarcoidosis expert, an electrophysi-
ologist, and a general cardiologist.  

    Indication of Immunosuppressive Therapy 

 The goal of immunosuppressive (IS) therapy in cardiac sarcoidosis is to reverse any 
ongoing active granulomatous myocarditis and potentially prevent progression of myo-
cardial granulomatous infl ammation to scar tissue. The presence of myocardial scar can 
lead to development of arrhythmias, conduction defects, and/or ventricular dysfunction 
[ 6 ]. Several retrospective studies have shown improvement in conduction defects, ven-
tricular arrhythmias and ventricular dysfunction with IS therapy [ 7 ,  8 ]. However, no 
randomized prospective studies investigating therapeutics in cardiac sarcoidosis exist. 
The presence of left ventricular (LV) dysfunction, ventricular arrhythmias, hypermeta-
bolic activity on cardiac 18-fl uoro deoxy-glucose positron emission tomography (18-
FDG PET), conduction defects, delayed hyper-enhancement on cardiac magnetic 
resonance imaging, and right ventricular dysfunction in the absence of pulmonary 
hypertension [ 5 ] had a high agreement rate amongst sarcoidosis experts in the United 
States as an indication for medical treatment.  

    Impact of IS Therapy on Electrocardiographic Changes 

 Cardiac sarcoidosis can present with ventricular arrhythmias and/or conduction 
defects [ 9 ]. In a case series of 15 patients diagnosed with cardiac sarcoidosis based 
on the Japanese Ministry of Health and Welfare (JMHW) criteria, Yodogawa et al. 
reported improvement of advanced or complete atrioventricular block (AVB) to nor-
mal sinus rhythm or fi rst degree AVB in 7 out of 15 patients [ 10 ]. The group with 
improvement in AVB had a statistically signifi cant better baseline left ventricular 
ejection fraction (LVEF) compared to the group that did not show improvement in 
their AVB [ 10 ]. Yodogawa et al. also retrospectively studied 31 cardiac sarcoidosis 
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patients, diagnosed according to the modifi ed guidelines from the JMHW, with fre-
quent premature ventricular contractions (PVCs >300/day) detected on a 24 h Holter 
monitor [ 8 ]. The cohort was treated with corticosteroids at an equivalent dose of 
30 mg/day and tapered over 6 months to a maintenance dose of 10 mg daily [ 8 ]. 
Overall there was no signifi cant difference between the number of PVCs before and 
after therapy in the entire cohort [ 8 ]. However, when grouped based on LV function 
(LVEF < 35 % and LVEF ≥ 35 %); the group with the better LV function showed a 
statistically signifi cant decrease in the number of PVCs [ 8 ]. The group with better LV 
function also showed a signifi cantly higher prevalence of myocardial gallium-67 
uptake, a trend towards an improvement in their LVEF, and an improvement in non-
sustained ventricular tachycardia [ 8 ]. They also reported that four out of eight patients 
who had complete AVB had normalization of their complete AVB [ 8 ]. 

 Another study examined the impact of corticosteroid therapy in a series of treated 
and untreated cardiac sarcoidosis patients with normal LVEF and evidence of AVB 
[ 11 ]. Five out of seven patients in the group that received steroid therapy showed 
resolution of their AVB compared to none in the untreated group (0/13) [ 11 ]. During 
the follow up period, the untreated group showed a marked decline in their LVEF 
over time and ventricular tachycardia developed in 8 out of 13 in the untreated 
group compared to only 1 out of 7 in the treated group [ 11 ]. Banba et al. showed 
similar fi ndings in their cohort with improvement or resolution of advanced AVB in 
56 % of their cohort with corticosteroid therapy [ 12 ].  

    Impact of IS Therapy on Left Ventricular Function 

 Chiu et al. retrospectively investigated the effect of corticosteroid therapy on LV 
function [ 7 ]. Forty three cardiac sarcoidosis subjects, prior to initiation of cortico-
steroid therapy, were divided according to their LVEF into normal (LVEF ≥ 55 %), 
mild to moderately reduced (LVEF 30–54 %) and severely reduced (LVEF ≤ 30 %) 
[ 7 ]. Patients were treated with prednisolone 30 mg daily or equivalent and tapered 
to a maintenance dose of 10 mg daily. Patients with normal LVEF and patients with 
severely reduced LVEF showed no signifi cant changes in their LV function whereas 
patients with mild to moderately reduced LVEF showed a signifi cant improvement 
in their LV function [ 7 ]. Kato et al. also showed a decline in the LVEF of their 
untreated group compared to stability of the LVEF in the treated group [ 11 ].  

    Impact of IS Therapy on Survival 

 The overall survival in cardiac sarcoidosis has been reported to be 98 % after 1 year, 
93 % after 3 years, 90 % after 5 years, and 84 % after 10 years but these rates are 
signifi cantly infl uenced by other factors [ 7 ]. Yazaki et al. investigated the prognostic 
determinants of survival in cardiac sarcoidosis patients who were treated with 

11 Immunosuppressive Management of Cardiac Sarcoidosis



106

corticosteroids [ 13 ]. They identifi ed 95 subjects who met the JMHW criteria for the 
diagnosis of cardiac sarcoidosis [ 13 ]. Twenty out of 95 (21.1 %) subjects never 
received corticosteroids as sarcoidosis was diagnosed on autopsy [ 13 ]. Seventy-fi ve 
out of 95 (78.9 %) were treated with corticosteroids and were classifi ed into a group 
with normal LV function (EF ≥ 50 %) and a group with reduced LV function 
(EF < 50 %). They were also classifi ed according to the equivalent daily dose of 
prednisone into a high dose group (≥40 mg/day) and a low dose group (<40 mg/
day) [ 13 ]. The cohort that did not receive treatment with prednisone and whose 
diagnosis was discovered on autopsy had a higher incidence of reduced LVEF and 
a higher incidence of electrocardiographic abnormalities compared to the cohort 
that received treatment with prednisone [ 13 ]. In the group that received prednisone 
treatment, those who had a LVEF ≥ 50 % had a higher survival rate compared to 
those who had a LVEF < 50 % regardless of the dose of prednisone given (≥40 mg/
day versus <40 mg/day) [ 13 ]. Multivariable analysis identifi ed New York Heart 
Association (NYHA) functional class, LV end-diastolic diameter and sustained ven-
tricular tachycardia as independent predictors of mortality [ 13 ]. Overall, their fi nd-
ings indicate that LV systolic function and NYHA functional class are predictors of 
long term prognosis and that high initial doses of prednisone (≥40 mg/day) may not 
offer any additional benefi t compared to lower initial doses [ 13 ]. Chiu et al. reported 
similar fi ndings in their cohort of 43 patients treated with prednisolone [ 7 ]. The 
overall survival was 98 % after 1 year, 93 % after 3 years, 90 % after 5 years, and 
84 % after 10 years [ 7 ]. However, survival rates differed when analyzed based on 
LV function [ 7 ]. There were no cardiac deaths in the group with preserved LVEF 
whereas the survival rate in the group with mild to moderately reduced LV function 
(LVEF 30–54 %) was 100 % after 1, 3, and 5 years and 67 % after 10 years and the 
survival rate in the group with severely reduced LV function (LVEF < 30 %) was 
worse with 91 % survival after 1 year, 72 % after 3 years, 57 % after 5 years, and 
19 % after 10 years [ 7 ].  

    Choice of Agent and Duration of Therapy 

 To date, all cardiac sarcoidosis therapeutic studies have investigated the use of cortico-
steroids but one recently published small study investigated the potential role of metho-
trexate in combination with low dose corticosteroids in cardiac sarcoidosis [ 14 ]. This 
open-label study showed greater stability of LVEF and LV end diastolic diameter in the 
group that received the combination therapy of low dose methotrexate (6 mg/week) 
and low dose corticosteroids (5–15 mg/day) compared to corticosteroids alone [ 14 ]. 
No details were provided regarding the tapering schedule of corticosteroids or the dif-
ference in the maintenance dose of corticosteroids between the two groups [ 14 ]. The 
patients in this study were treated for a period of 5 years; however, the optimal duration 
of therapy in cardiac sarcoidosis has yet to be determined. 

 Anti-TNF-α therapy use in cardiac sarcoidosis has been reported in case reports 
[ 15 ,  16 ] but their use should be avoided in patients with impaired LV function 
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(EF ≤ 35 %) as there is an increased risk of adverse events based on studies investi-
gating the role of anti-TNF-α in patients with congestive heart failure from causes 
other than cardiac sarcoidosis [ 17 ].  

    Expert Consensus 

 Due to the lack of clear guidelines and literature on the use of immunosuppressive 
(IS) therapy in cardiac sarcoidosis, we conducted a Delphi study to investigate the 
approach of physicians in the United States with expertise in sarcoidosis and to 
investigate if a consensus could be reached on the best approach to manage cardiac 
sarcoidosis (Table  11.1 ) [ 5 ]. Most experts stated that they would initiate IS therapy 
when there is evidence of ventricular arrhythmias, hypermetabolic activity on a 
myocardial FDG-PET scan, conduction defects and/or delayed enhancement on a 
cardiac MRI [ 5 ]. Although over three quarters of the experts would initiate IS ther-
apy for a positive myocardial FDG-PET, less than one quarter would initiate therapy 
in an asymptomatic patient with only an abnormal FDG-PET and otherwise normal 
workup [ 5 ]. Corticosteroids were the treatment of choice for nearly all the experts 
and most started prednisone at a dose of 40 mg daily or less and methotrexate was 
the second most common agent used in the management of cardiac sarcoidosis 
whereas some reported the use of azathioprine, mycophenolate mofetil and/or anti-
tumor necrosis factor-alpha (anti-TNF-α) agents [ 5 ]. Table  11.2  outlines pharmaco-
logic agents used in the treatment of sarcoidosis. The majority of the experts use the 
same dosing regimen regardless of the indication to initiate therapy (arrhythmias vs. 
cardiomyopathy) but the experts were equally divided on whether to initiate a ste-
roid sparing agent at the same time they initiate corticosteroids [ 5 ]. There was little 
agreement on the duration of therapy in a patient who exhibits an excellent response 
to IS therapy and several experts mentioned that they utilize the same diagnostic 
modality that indicated the presence of cardiac sarcoidosis to assess response to 
therapy [ 5 ].

    An example case is illustrated in Fig.  11.1  in a woman with neurosarcoidosis 
who also had cardiac involvement. After IS treatment, her cardiac involvement  
improved by MRI.   

    Summary 

 Myocardial granulomatous infl ammation can lead to conduction defects, ventricular 
arrhythmias and LV dysfunction. The role of IS therapy is to prevent further myocar-
dial involvement with granulomas and the development of scar tissue which can impair 
LV function and lead to life threatening arrhythmias and conduction abnormalities. 
Several studies have shown improvement in conduction defects, ventricular arrhyth-
mias and LV function with the use of corticosteroids. The overall prognosis in cardiac 
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   Table 11.1    Management of cardiac sarcoidosis based on a Delphi study of sarcoidosis experts in 
the United States   

 Topic  Procedure 
 N (% 
endorsing) 

 Indications for initiation of 
immunomodulatory therapy 

 (a)   Hypermetabolic activity on a 
cardiac FDG - PET scan  

  24  ( 77.4  %) 

 (b)  Delayed enhancement on cardiac MRI    19  ( 61.3  %) 
 (c)  Conduction defects    21  ( 67.7  %) 
 (d)  LV dysfunction    24  ( 77.4  %) 
 (e)   RV dysfunction in the absence of 

pulmonary hypertension  
  18  ( 58.1  %) 

 (f)  Ventricular arrhythmias    24  ( 77.4  %) 
 (g) Atrial arrhythmias  13 (41.9 %) 
 (h) Other  7 (22.6 %) 

 Immunosuppressive therapies used in 
treating cardiac sarcoidosis 

 (a)  Prednisone    30  ( 96.8  %) 
 (b) Methotrexate  12 (38.7 %) 
 (c) Azathioprine  6 (19.4 %) 
 (d) Mycophenolate mofetil  2 (6.5 %) 
 (e) Anti-TNF agent  5 (16.1 %) 
 (f) Other  5 (16.1 %) 

 Dose of prednisone used  (a) 20 mg  4 (12.9 %) 
 (b) 30–40 mg  14 (45.2 %) 
 (c) 60 mg  7 (22.6 %) 
 (d) 0.5 mg/kg/ideal body weight  3 (9.7 %) 
 (e) 1 mg/kg/ideal body weight  2 (6.5 %) 
 (f) I don’t use prednisone  0 (0 %) 
 (g) Other  2 (6.5 %) 

 Initiation of steroid sparing agent with 
corticosteroids 

 (a) No  11 (42.3 %) 
 (b) Yes  12 (46.2 %) 
 (c) Other  4 (15.4 %) 

 Does the initial dosage of steroids 
differ depending on indication (active 
arrhythmias versus cardiomyopathy)? 

 (a)   No ,  I use the same dosing range 
no matter what the indication  

  19  ( 70.4  %) 

 (b)  Yes, I choose a higher dose for 
arrhythmias 

 6 (22.2 %) 

 (c)  Yes, I choose a higher dose for 
cardiomyopathy 

 3 (11.1 %) 

 (d) Other  2 (7.4 %) 
 Duration of immunosuppressive 
therapy 

 (a) 1 year  4 (14.8 %) 
 (b) 2 years  5 (18.5 %) 
 (c) Indefi nitely  7 (25.9 %) 
 (d) Other  13 (48.1 %) 

 Does the duration of 
immunosuppressive therapy differ 
depending on indication (active 
arrhythmias versus cardiomyopathy)? 

 (a)  No   18 (66.7 %) 
 (b)  Yes   6 (22.2 %) 
 (c) Other  7 (25.9 %) 

   Bold  = Agreement ≥70 %,  Italics  = agreement ≥50 % but <70 % 
  Abbreviations :  FDG - PET  18-fl uorodeoxyglucose Positron Emission Testing,  cMRI  Cardiac 
Magnetic Resonance Imaging,  LV  Left Ventricular,  RV  Right Ventricular  
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sarcoidosis is impacted by LV function and NYHA functional class of the patient. The 
use of high dose corticosteroids (>40 mg daily) did not offer additional benefi t com-
pared to a dose of 40 mg daily or less and the role of steroid sparing agents in sarcoid-
osis has yet to be formerly studied although they are used in the management of cardiac 
sarcoidosis. The optimal duration of therapy is unknown but should be guided by the 
extent of cardiac involvement and the nature of response to therapy. 

a

b

  Fig. 11.1    ( a ) Before immunosuppressive therapy. ( b ) After immunosuppressive therapy. Fifty- 
four year old female patient with neurosarcoidosis underwent cardiac MRI with and without gado-
linium for evaluation of suspected cardiac sarcoidosis. Following standard localizing images, T2 
weighted dark blood images were obtained at 5 mm slice thickness from the pulmonary artery to 
the inferior aspect of the heart. Perpendicular, horizontal and short axis images were obtained 
using a single breath-hold trueFISP gated cine technique. T2 weighted dark blood images and 
STIR imaging were performed in short and horizontal long axis. In the interventricular septum, 
focal punctuate areas of enhancement within the epicardial portion of the inferoseptal wall were 
seen before immunosuppressive therapy ( a ). She received corticosteroids for a year and had a 
repeat cardiac MRI 1 year later showed complete resolution of the focal punctuate areas of 
enhancement in the interventricular septum and no evidence of delayed hyperenhancement ( b )       
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    Chapter 12   
 Management of Sudden Death Risk Related 
to Cardiac Sarcoidosis 

             Matthew    M.    Zipse       and     William     H.     Sauer     

    Abstract     The most feared complication of cardiac sarcoidosis (CS) is sudden car-
diac death (SCD) resulting from ventricular arrhythmias. SCD accounts for 30–65 % 
of deaths in sarcoidosis and may be its fi rst manifestation. Once cardiac involvement 
is suspected or identifi ed, efforts should be made to further stratify a patient’s risk of 
sudden cardiac death by some combination of ECG, electrophysiologic testing, 
echocardiogram, and advanced imaging. In addition to a LVEF ≤ 35 %, high risk 
features such as need for permanent pacing, mild to moderately reduced LV systolic 
function (LVEF 36–49 %) or reduced RV systolic function (RVEF <40 %), or induc-
ible VT by EP study are indications for ICD implantation. Patients should be fol-
lowed closely over time as those without initial indications of cardiac involvement or 
need for ICD may develop such in the future. This chapter will focus on the role of 
the ICD in CS in addition to risk stratifi cation in those at risk for SCD with CS.  

        Introduction 

 The most feared complication of cardiac sarcoidosis (CS) is sudden cardiac death 
(SCD) resulting from ventricular arrhythmias. SCD accounts for 30–65 % of deaths 
in sarcoidosis [ 1 – 3 ]. Unfortunately, not only are ventricular arrhythmias and sudden 
death common in CS, but many times they present as the fi rst clinical manifestation 
of CS [ 2 ,  4 ]. For this reason, a high index of suspicion and low threshold to screen 
for myocardial involvement are paramount. 

 After the diagnosis of CS is made, an implantable cardiac defi brillator (ICD) 
may be indicated as part of the management of SCD risk (Table  12.1   and Fig.  12.1 ) 
[ 5 ]. This chapter will focus on the role of the ICD in CS.   
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    Table 12.1    Expert consensus recommendations for implantation cardioverter defi brillators in 
patients with CS [ 5 ]   

  Class I Recommendation  
 ICD implantation is recommended in patients with CS and one or more of the following: 
  1. Spontaneous sustained ventricular arrhythmias, including prior cardiac arrest. 
  2.  The LVEF is ≤35 %, despite optimal medical therapy and a period of immunosuppression 

(if there is active infl ammation). 
  Class IIa Recommendation  
 ICD implantation can be useful in patients with CS, independent of ventricular function and one 
or more of the following: 
  1. An indication for permanent pacemaker implantation. 
  2. Unexplained syncope or near-syncope, felt to be arrhythmic in etiology. 
  3.  Inducible sustained ventricular arrhythmias (>30 s of monomorphic VT or polymorphic 

VT) or clinically relevant ventricular fi brillation a . 
  Class IIb Recommendation  
 ICD implantation may be considered in patients with LVEF 36–49 % and/or an RV ejection 
fraction <40 %, despite optimal medical therapy and a period of immunosuppression (if there is 
active infl ammation). 
  Class III Recommendations  
 ICD implantation is not recommended in patients with no history of syncope, normal LVEF/
RVEF, no LGE on CMR, a negative EP Study and no indication for permanent pacing. However, 
these patients should be closely followed for deterioration in ventricular function. 
 ICD implantation is not recommended in patients with one or more of the following: 
  1. Incessant ventricular arrhythmias. 
  2. Severe NYHA class IV heart failure. 

    a Ventricular fi brillation with triple premature beats of less than 220 ms is considered a nonspecifi c 
response  

    Risk Stratifi cation 

 While some electrophysiologists will chose to implant a primary prevention ICD in 
all patients with cardiac sarcoidosis, most agree that further risk stratifi cation is 
needed to discern who may benefi t from the ICD, as some CS patients appear to fol-
low a fairly benign clinical course. In fact, by the most recent expert consensus 
guidelines, the ICD is contraindicated (Class III recommendation) in patients with no 
history of syncope, normal ventricular function, no evidence of delayed contrast 
enhancement on cardiac magnetic resonance imaging (CMRI), a negative electro-
physiology (EP) study, and with no indication for pacing [ 5 ]. Ultimately, risk strati-
fi cation may be guided by a combination of CMRI and 18-FDG myocardial positron 
emission tomography (PET) fi ndings, electrophysiologic testing with programmed 
electrical stimulation, or by other high risk clinical features such as atrioventricular 
block, systolic dysfunction, or a history of syncope. Current guidelines recognize the 
paucity of randomized, prospective data, and cite the limitations of retrospectively 
analyzed series; ultimately, further research is needed to better advise practice. 
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    Sudden Death Risk Stratifi cation by LV and RV Systolic 
Function 

 Due to both the element of active granulomatous infl ammation, and the heteroge-
nous involvement of the left ventricle (LV) and/or right ventricle (RV), CS may 
behave differently than other cardiomyopathies when it comes to risk of ventricular 
arrhythmias and SCD. Accordingly, a different set of rules may govern SCD risk 
and ICD indications than the standard LVEF < 35 % that is often used for non- 
sarcoidosis cardiomyopathies. While CS patients with EF < 35 % should receive a 
primary prevention ICD in accordance with accepted device guidelines [ 6 ], many 
CS patients with EF > 35 % may also be candidates for primary prevention ICD 
implantation. 

 While a lower LVEF is associated with appropriate ICD therapy in several 
retrospective studies, many patients with only mildly impaired LV function also 
had substantial risk of ventricular arrhythmias and resultant appropriate ICD 
shocks and anti-tachycardia pacing [ 7 – 9 ]. In fact, in the study by Kron et al. most 
primary and secondary prevention patients who received appropriate ICD thera-
pies had an LVEF > 35 %, suggesting that CS patients with mild or moderately 

  Fig. 12.1    Kaplan-Meier estimation of event free survival as stratifi ed by programmed electrical 
stimulation by EP study.  Vertical markers  indicate the time when follow-up was terminated in each 
patient [ 20 ].  PES  programmed electrical stimulation       
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reduced LVEF may still be at substantial risk for ventricular arrhythmias [ 7 ]. 
Furthermore, in the study by Betensky et al .  7 of the 17 patients (41 %) with 
appropriate ICD therapy had LVEF > 35 % [ 9 ]. While these studies noted that a 
number of patients with mild and moderately reduced LVEF received appropriate 
ICD therapies for VT/VF, Schuller et al .  reported that in their primary prevention 
cohort, no patient with normal left and right ventricular systolic function (LVEF 
> 50 % and RVEF > 40 %) required ICD therapies over the follow up period [ 8 ]. 
It is from these data that a Class IIa recommendation for consideration of ICD 
implantation in patients with LVEF 36–49 % and/or RV ejection fraction <40 %, 
after optimal medical therapy and initiation of immunosuppression if indicated 
was based.  

    Sudden Death Risk Stratifi cation with Cardiac Imaging 

 As discussed in Chaps.   5    ,   6    , and   7    , CMRI and 18-FDG myocardial PET appear to 
be the imaging modalities with the highest sensitivity and specifi city in the detec-
tion of CS [ 10 – 14 ]. CMRI, in particular, has emerged as the test of choice at many 
centers in the evaluation of CS, owing in part to a lower false positive rate. CMRI 
uses T-2 weighted signal and early gadolinium images to detect acute infl ammation 
and late gadolinium enhancement (LGE, also known as delayed contrast enhance-
ment) to assess for fi brosis or scar. Preliminary data also suggest that surveillance 
with CMRI can assess the effi cacy of steroid therapy [ 15 ,  16 ]. 

 Importantly, CMRI has a role in risk stratifi cation and prognosis. In a recent 
study of 155 consecutive patients with systemic sarcoidosis who underwent CMR 
for workup of suspected CS, LGE was present in 39 patients (25.5 %), and its pres-
ence was associated with a Cox hazard ratio of 31.6 for death, aborted sudden car-
diac death, or appropriate ICD discharge [ 17 ] over a median 2.6 year follow-up 
period. Of the twelve patients with sudden cardiac death or appropriate ICD dis-
charge in this study, all had LGE present on CMRI. Sarcoidosis patients without 
LGE, even those with LV dilatation and severely impaired LVEF, did not experience 
SCD, suggesting CMRI may provide prognostic data beyond that conferred by ejec-
tion fraction alone. 

 While CMRI may have a higher specifi city,  18  F-fl uoro-2-deoxyglucose positron 
emission tomography ( 18 F-FDG PET) appears to detect active infl ammation in CS 
with a slightly higher sensitivity [ 18 ,  19 ]. However, as the uptake of  18 F-FDG is seen 
in other infl ammatory myocardial diseases, PET is non-specifi c for CS and must be 
interpreted in the appropriate clinical context. Like CMRI, PET carries prognostic 
value – in a study of 118 patients with suspected CS, 60 % had abnormal cardiac 
PET fi ndings. Over a median follow-up of 1.5 years, abnormal PET fi ndings were 
associated with a hazard ratio of 3.9 for death or VT, and an abnormal PET remained 
a signifi cant predictor of death or VT even after multivariate analysis to adjust for 
ejection fraction and other clinical variables [ 13 ], indicating PET offers prognostic 
value beyond EF alone.  
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    Sudden Death Risk Stratifi cation with Electrophysiologic 
Testing 

 Electrophysiologic study can add useful diagnostic information, particularly if CMRI or 
PET are inconclusive or unable to be obtained. Electroanatomical mapping, or “voltage-
mapping,” of the right ventricle can help identify areas of scar, which can aid in the diag-
nosis of CS in the right clinical context. There have also been limited studies investigating 
the role for programmed electrical stimulation (PES) for the inducibility of sustained 
monomorphic ventricular tachycardia as a means of risk stratifi cation of sudden cardiac 
death in patients with CS. One such study of 76 patients with CS undergoing PES showed 
that 6 of 8 patients (75 %) with inducible VT went on to have ventricular arrhythmias and 
ICD therapies, compared to 1 patient with sudden cardiac death amongst the 68 patients 
(1.5 %) who had been non-inducible by PES [ 20 ]. In another study of 32 patients with 
CS, 4 of 6 patients (67 %) with inducible VT went on to have appropriate ICD therapies 
while 2 of 20 patients (10 %) who were non-inducible went on to have ventricular 
arrhythmias or sudden cardiac death [ 21 ]. While these studies suggest a potential role for 
electrophysiologic testing in risk stratifi cation, these data ultimately need to be replicated 
in larger cohorts. Furthermore, these studies are limited by mean follow- up periods of 
5 years and 2.6 years, respectively; and, in light of CS as a progressive disease, the long-
term prognostic value of a single negative EP study is unclear.   

    Indications for Implantable Cardiac Defi brillator Therapy 

 The ACC/AHA/HRS 2008 guidelines give a Class IIA recommendation (level of evi-
dence C) for ICD therapy in sarcoidosis patients with evidence of myocardial involve-
ment, regardless of symptoms or presentation [ 22 ]. As discussed earlier in this chapter, 
HRS released an expert consensus statement in 2014 further refi ning the specifi c recom-
mendations for ICD therapy as they pertain to patients with CS (Table  12.1 ) [ 5 ]. Class I 
indications stand for secondary prevention devices and for those with severe LV dys-
function despite a period of optimal medical therapy as per recommendations for 
patients with other cardiomyopathies [ 6 ]. These guidelines also give Class II recom-
mendations for ICD implantation in CS if there are other features considered to be 
higher risk (e.g., need for permanent pacing, mild to moderately reduced LV (i.e., LVEF 
36–49 %) or RV (i.e., RVEF <40 %) systolic function, or inducible VT by EP study. 

 These recommendations come at a time when practice patterns are heterogenous 
[ 23 ], with some centers tending to implant ICDs in CS patients only with Class I 
indications (prior ventricular arrhythmias or LVEF ≤ 35 %), while other centers are 
offering ICDs to all CS patients (in accordance with the IIA recommendation from 
the 2008 guidelines). And, while the type of patient for which the primary  prevention 
ICD will benefi t does remain controversial in CS, what is becoming evident from a 
number of observational studies is that among those CS patients who do receive 
ICDs, both appropriate and inappropriate ICD therapies are common.  
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    Studies of ICD Therapies in CS 

 Four observational studies were published in 2012–2013 that reported on ICD 
therapies in patients with CS. Betensky et al .  reviewed 45 patients (64 % primary 
prevention, 2.6 year mean follow-up period), and found a high annualized appro-
priate therapy (shock and/or anti-tachycardia pacing) rate of 14.5 % [ 9 ]. Predictors 
of appropriate therapies included lower LVEF and complete heart block, signifying 
more advanced disease. Schuller et al. reported on 112 patients (74 % primary 
prevention, 2.8 year mean follow-up period) and found a similarly high annualized 
therapy rate of 13.2 % [ 8 ]. Interestingly, in this cohort, no primary prevention 
patient with normal left and right ventricular systolic function (LVEF > 50 % and 
RVEF > 40 %) required an ICD therapy, though there were many patients with only 
mild systolic dysfunction who received shocks and ATP [ 8 ]. Mohsen et al. found 
an annualized therapy rate of 9.6 % in their mixed cohort of primary and secondary 
prevention CS patients. Interestingly, the rate of inappropriate ICD therapies was 
quite high (30 % over 3.75 year mean follow-up duration) [ 24 ]. Kron et al. pub-
lished a multicenter retrospective review of 235 patients (99 of which were included 
in the aforementioned studies), and found male gender, syncope, lower LVEF, and 
high proportion of ventricular pacing each to be independent risk factors for appro-
priate therapies (with an annualized incidence of 8.6 % in this study) [ 7 ]. Altogether, 
the rates of appropriate therapies in these three studies are notably higher than that 
observed in large primary prevention ICD trials such as SCD-HeFT (Sudden 
Cardiac Death in Heart Failure Trial), where the incidence was approximately 5 % 
per year [ 25 ].  

    Special Considerations for Post-implant ICD Management 
in Patients with Cardiac Sarcoidosis 

 Experience taking care of CS patients with ICDs has brought some special consid-
erations to light. First, as highlighted by the four aforementioned studies, the burden 
of ventricular arrhythmias is high, as is the annualized rate of appropriate therapies. 
Chapter   9     discussed the many mechanisms of ventricular arrhythmias in these 
patients, as well as the high prevalence of electrical storm (Fig.  12.2 ) [ 8 ]. Also note-
worthy is the high rate of inappropriate therapies (30 % of patients in the study by 
Moshen et al .  for example) [ 24 ], perhaps owing in part to the high burden of atrial 
arrhythmias in CS (Chap.    12    ).  

 Patients with CS and ICDs also have a high incidence of late reduction of sensed 
R-waves. A nested case-control study on a cohort of 46 patients with CS and ICDs 
compared to 117 controls with other cardiomyopathies showed that patients with 
CS have a high incidence of signifi cant (greater than 50 %) reduction in measured 
electrograms (HR 9.10, 95 % CI 2.50–33.06, Fig.  12.3 ) [ 26 ]. It is possible that local 
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  Fig. 12.2    Pie chart for 
appropriate therapy [ 8 ]       

No therapy
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  Fig. 12.3    The incidence of 50 % reduction in P or R wave sensing amplitude in CS patients with 
ICDs. After 5 years of follow-up, 22 % of patients with CS and an ICD had a 50 % or more reduc-
tion in measured sensed electrograms on device interrogation, compared to 3 % of patients with 
ICDs for other forms of cardiomyopathy (P < 0.001) [ 26 ]       
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characteristics at the lead tip to tissue interface over time (e.g., infl ammation from 
local granuloma formation) could lead to these reductions in sensing, though the 
mechanism is unknown. Nonetheless, reductions in sensing can lead to signifi cant 
clinical consequences, such as under-sensing of VF and failure to deliver appropriate 
therapies, and over-sensing of T-waves with the delivery of inappropriate therapies 
(Fig.  12.4 ). Measured R-waves by the ICD should be followed over time and should 
prompt DFT testing if reductions in R-waves are signifi cant, and may require lead 
revision if DFT testing fails.   

 Lastly, because patients with CS have a high incidence of atrioventricular block, 
many patients may either meet an indication for a biventricular ICD at the time of 
initial implant, or may meet an indication for upgrade at the time of generator 
change if the burden of RV pacing is considerable, as supported by data from the 
BLOCK HF clinical trial [ 27 ].  

    Conclusion 
 Upon diagnosis of CS, efforts should be made to further stratify a patient’s risk 
of sudden cardiac death by some combination of ECG, electrophysiologic test-
ing, echocardiogram, and advanced imaging. Many patients with CS will have a 
Class I, Class IIa, or Class IIb indication for a primary prevention ICD by recent 
guidelines, and those with a history of VT/VF or aborted sudden cardiac death 
clearly require an ICD. 

  Fig. 12.4    Reductions in sensed R-waves from ICDs in patients with CS can lead to VF under- 
sensing and failure to deliver appropriate shocks ( a ) as well as T-wave over-sensing ( b ) and the 
potential delivery of inappropriate shocks       

a

b
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 Special considerations should be made in the follow-up of CS patients with 
ICDs, given their high risk of receiving both appropriate and inappropriate 
shocks. Medications and/or catheter ablation may be required for arrhythmia 
control. Device parameters, specifi cally sensed electrograms, should be followed 
over time and should prompt DFT testing if reductions in R-waves are signifi cant 
and lead revision if necessary. Ultimately, early referral of newly-diagnosed 
patients with CS to an electrophysiologist is necessary to aid in initial risk assess-
ment, and ongoing follow-up in device clinic is critical for the continued care of 
CS patients with ICDs. 
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    Chapter 13   
 Sarcoidosis-Associated Pulmonary 
Hypertension 

             Brett     Fenster     

    Abstract     In addition to the myriad of potential clinical presentations of cardiac 
sarcoidosis, one of the least recognized but perhaps one of the more clinically 
important ones is sarcoidosis-associated pulmonary hypertension (SAPH), consid-
ered part of the World Health Organization class V (multifactorial). The prevalence 
of sarcoidosis-associated pulmonary hypertension (SAPH) is 5–15 %, and is felt to 
be multifactorial. It is usually seen in patients with more radiographically severe 
pulmonary sarcoidosis. The potential consequences of untreated pulmonary hyper-
tension could include the development of right heart failure (cor pulmonale), pro-
gressive and refractor shortness of breath, hypoxemia, and even death. Screening 
and surveillance should be performed for this entity with prompt recognition and 
treatment to prevent the more serious manifestations. Although there is a growing 
body of evidence to suggest possible benefi t of PAH-specifi c therapies in SAPH, 
there are no currently FDA approved medications for SAPH.  

        Introduction 

 The recent development of numerous pharmacologic agents for the treatment of 
pulmonary arterial hypertension (PAH) has spawned a renewed interest in all forms 
of pulmonary hypertension (PH), including sarcoidosis-associated pulmonary 
hypertension (SAPH). Although previously thought to be an uncommon complica-
tion of chronic pulmonary sarcoidosis, SAPH is now appreciated as an important 
disease state unto itself that signifi cantly impacts morbidity and mortality. Equally 
relevant is the recognition that SAPH can be present without or without interstitial 
lung disease, highlighting the multifactorial etiology of what is likely a diverse set 
of sarcoidosis-related diseases with the common manifestation of elevated 
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pulmonary pressure. This chapter will discuss the current understanding of SAPH 
 including its prevalence, pathophysiology, treatment, and prognosis.  

    Epidemiology 

 Although pulmonary involvement is present in greater than 90 % of sarcoidosis 
patients, the prevalence of SAPH appears to be closer to 5–15 % [ 1 – 3 ]. While the 
pathologic and clinical relevance of exercise-associated PH remains controversial, 
exercise-induced pathologic elevations in pulmonary pressures were present in 
43 % of a small population with concurrent pulmonary sarcoidosis [ 4 ]. SAPH most 
commonly presents with radiographically-advanced (Stage IV) pulmonary sarcoid-
osis [ 5 ]. In contrast to other forms of chronic lung disease-associated PH including 
idiopathic pulmonary fi brosis and chronic obstructive pulmonary disease where 
mild PH is most prevalent, SAPH typically manifests with more severe elevations in 
pulmonary pressures [ 6 ].  

    Pathophysiology 

 By convention, the World Health Organization (WHO) classifi cation system has 
divided the various forms of PH into one of fi ve classifi cations [ 7 ]. These groups 
include WHO classifi cation group I (pulmonary arterial hypertension or PAH and 
its associated forms), group II (left-heart driven PH), group III (lung disease- and/or 
hypoxia-driven PH), group IV (chronic thromboembolic PH), and group V (unclear 
and/or multifactorial mechanisms). WHO classifi cation V encompasses a variety of 
comorbid disease states associated with PH including pulmonary Langerhans cell 
histiocystosis, lymphangioleiomyomatosis, and sarcoidosis. The classifi cation of 
SAPH as WHO group V or “multifactorial” PH speaks to the multiple potential 
pathologic mechanisms involved, and it can be argued that certain forms of SAPH 
can be labeled as multiple (if not all) WHO group classifi cations. 

 Because the majority SAPH have concurrent diffuse fi brotic lung disease, PH is 
typically thought to be secondary a combination of hypoxic vasoconstriction and 
capillary bed destruction. In addition, pulmonary vascular compression and distor-
tion can occur at the level of alveolar vessels due to hyperinfl ation or at the proximal 
arteries/veins due to fi brosing mediastinitis or lymphadenopathy [ 8 ,  9 ]. However, 
between 32 and 50 % of SAPH can be present without associated pulmonary fi bro-
sis, implicating alternative pathophysiologic mechanisms [ 10 ]. 

 The pathologic hallmark of sarcoidosis is the presence of non-caseating granulo-
mas, and granulomatous disease is thought to play a role in SAPH. Pulmonary 
venous granulomatous invasion is present in 65 % of pulmonary sarcoidosis cases, 
while pulmonary arterial involvement is present in 11 % [ 11 ,  12 ] (see Fig.  13.1 ). 
Consequently, occlusive arteriopathy and/or venopathy may develop, the relative 
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balance of which may dictate whether the hemodynamic profi le resembles that of 
pulmonary arterial or pulmonary venous hypertension. Given the presence of pul-
monary venous involvement, SAPH may have histopathologic and related hemody-
namic features similar to pulmonary veno-occlusive disease [ 13 – 14 ].  

 The plexiform arteriopathy that is typically associated with PAH is a known but 
relatively rare fi nding in SAPH (see Fig.  13.2 ) [ 15 ]. Interestingly, there is growing 
recognition that sarcoidosis may increase the risk of thromboembolism [ 16 ,  17 ]. 
However, it has yet to be validated that this risk is associated with the development 
of SAPH from either pathophysiologic or epidemiologic studies.  

 Given the potential for comorbid cardiac involvement, SAPH due to left ven-
tricular systolic or diastolic dysfunction remains an important consideration. 
A pulmonary artery occlusion pressure ≥15 mmHg was found to be present in 
29 % in one SAPH series, suggesting left ventricular dysfunction as a  contributor 
to PH [ 10 ].  

    Evaluation 

 An evaluation for SAPH should be considered whenever dyspnea appears to be dis-
proportionate to the severity of the coexisting pulmonary sarcoidosis, when severe 
pulmonary sarcoidosis is present, or when right heart failure is present [ 18 ]. 
Echocardiography remains the mainstay of initial non-invasive evaluation for SAPH 
(see Fig.  13.3 ). An elevated right ventricular systolic pressure (RVSP) and/or 
 features indicative of right heart remodeling including right ventricular enlargement, 
hypertrophy, and systolic dysfunction should raise the suspicion SAPH. However, 
reliance upon the use RVSP as an estimation of pulmonary artery systolic pressure 
can be misleading, particularly in patients with parenchymal lung disease [ 19 ,  20 ].  

a b

  Fig. 13.1    Hematoxylin and eosin stained lung biopsy from a patient with sarcoidosis and severe 
pulmonary hypertension. ( a ) A granuloma ( black arrow ) in the wall of a pulmonary vein ( b ) A 
granuloma ( black arrow ) adjacent to the wall of a pulmonary artery ( white arrow ) (Images cour-
tesy of Carlyne Cool, MD, National Jewish Health Pathology)       
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 A multimodality testing approach should be incorporated into the initial SAPH 
evaluation (see Fig.  13.4 ). Electrocardiography may indicate the presence of right 
heart remodeling and corroborate echocardiographic fi ndings. Chest radiographic 
staging of pulmonary sarcoidosis has utilized the Scadding score and stages patients 
from I to IV based upon the presence or absence of bilateral hilar lymphadenopathy, 
pulmonary infi ltrates, fi brosis, and bullae [ 21 ]. The presence of an advanced 
Scadding stage should prompt consideration of the SAPH. The fi nding of ground 
glass attenuation, septal lines, and extrinsic compression of the pulmonary arteries 
by mediastinal adenopathy during chest computed tomography has been shown to 
be associated with SAPH [ 5 ]. Main pulmonary enlargement (PA) >29 mm or a ratio 
of the PA to aortic dimensions >1 has been proposed as a screening tool for PH, but 
its performance in SAPH has yet to be tested [ 22 ]. Surprisingly, neither spirometry, 
lung volumes, diffusion capacity, exertional hypoxemia, or 6 minute walk distance 
have proven to be reliably predictive of SAPH [ 3 ,  23 ,  24 ]. The relatively poor utility 
of these screening tests likely refl ects not only the heterogeneous forms of SAPH 
but also the inherent limitations of each modality. Therefore, an optimal screening 
strategy should not rely upon individual test results but rather the composite of mul-
tiple tests as well as a symptoms, clinical course, and phenotype before determining 
whether to pursue diagnostic testing.   

a

c d

b

  Fig. 13.2    Pulmonary biopsy specimens from: ( a ) A SAPH patient with plexiform arteriopathy 
demonstrating marked intimal thickening and hypertrophy ( black arrow ) ( b ) A SAPH patient with 
classic plexiform arteriopathy ( black arrow ) with intraluminal occlusion by endothelial and modi-
fi ed smooth muscle cells ( c ) A pulmonary hypertension patient with hematoxylin and eosin-stained 
biopsy demonstrating a plexiform lesion ( black arrow ) adjacent to a pulmonary arteriole ( white 
arrow ). Note the intravascular plug of endothelial cells forming multiple lamina. ( d ) A SAPH 
patient using pentachrome stain ( black  = elastic tissue,  yellow  = mature collagen,  blue-green  = 
immature collagen,  purple  = nuclei,  red  = smooth muscle/fi brin) demonstrating primarily mature 
collagen, nuclei, and elastic tissue. Note the granuloma i ( black arrow ) infi ltrating the wall of the 
artery ( white arrow ) on the lower right (Images courtesy of Carlyne Cool, MD, National Jewish 
Health Pathology)       
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    Diagnosis 

 As with all forms of PH, the diagnosis of SAPH cannot be made noninvasively and 
requires a right heart catheterization to demonstrate an elevated mean pulmonary 
arterial pressure (mPAP) ≥25 mmHg [ 25 ]. This contrasts the diagnosis of PAH, 
which also requires elevated mPAP without an elevated left ventricular fi lling pres-
sure as indicated by pulmonary capillary wedge pressure or left ventricular end 
diastolic pressure of ≤15 mmHg (see Fig.  13.5 ).   

    Treatment 

 In contrast to the well-established treatment algorithms for PAH, the optimal treat-
ment approach to SAPH remains an area of controversy and active investigation. 
However, it is generally agreed upon that modifi able comorbid conditions that poten-
tially contribute to SAPH should be identifi ed and treated, including hypoxemia, 
obstructive sleep apnea, left ventricular systolic and/or diastolic dysfunction, 

a

c d

b

  Fig. 13.3    Echocardiographic images from a 47 year old man with SAPH demonstrating signifi -
cant right ventricular ( RV ) enlargement in ( a ) an apical four chamber view (RV major dimension 
5.5 cm, normal <4.3 cm) and ( b ) a subcostal view. ( c ) An apical four chamber view showing mild 
right atrial ( RA ) enlargement (RA major dimension 5.6 cm, normal <5.4 cm) ( d ) A continuous 
wave Doppler tracing of tricuspid regurgitation showing a severely elevated right ventricular sys-
tolic pressure (83 mmHg, normal ≤35 mmHg)       
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hypervolemia, and thromboembolic disease. Although corticosteroid therapy is theo-
retically appealing, its effect on pulmonary hemodynamics in small series has been 
highly variable and discrepant from improvement in pulmonary mechanics [ 26 – 28 ]. 

    Pulmonary Vasodilators 

 Although the hemodynamic defi nition of PH is generally agreed upon, the hemody-
namic phenotype that merits the use of targeted pulmonary vasodilator therapy is 
widely debated. As with other forms of non-WHO classifi cation PH, there is an 
increasing movement to regard hemodynamically severe or “disproportionate” PH 
as distinct subtype that may behave like PAH and therefore benefi t from drug ther-
apy. When SAPH is viewed as a complication of chronic lung disease, severe PH 
has been defi ned as a mPAP ≥35 mmHg or mPAP ≥25 mmHg with low cardiac 
index (i.e., <2.0 l/min/m 2 ) [ 29 ]. Per the 5th World Symposium consensus guide-
lines, targeted pulmonary vasodilator therapy should be considered on a compas-
sionate basis for this subpopulation with thorough monitoring of gas exchange and 
inclusion in prospective registries. 

a

c d

b

  Fig. 13.4    Diagnostic testing from a 47 year old man with SAPH including: ( a ) an electrocardio-
gram demonstrating right ventricular hypertrophy and strain as well as right atrial enlargement ( b ) 
a chest x-ray showing mid and upper lung parahilar and peripheral reticulonodular opacities con-
sistent with stage IV sarcoidosis ( c ) a chest computed tomogram (CT) demonstrating pulmonary 
arterial enlargement (3.9 cm,  white arrow ) ( d ) a chest CT showing diffuse lung fi brosis, consolida-
tive opacities, and perihilar nodularity all consistent with pulmonary sarcoidosis       
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 Although a growing body of evidence suggests a potential benefi t of PAH- 
specifi c pharmacologic therapies in SAPH, this literature is limited to small con-
trolled studies, and more commonly, case series. In a recent small, randomized 
study comparing the endothelin receptor antagonist bosentan to placebo in SAPH, 
bosentan signifi cantly decreased mean pulmonary artery pressure and pulmonary 
vascular resistance after 16 weeks of therapy without improving 6 min walk dis-
tance [ 30 ]. Similarly, in a retrospective study of 12 SAPH patients with end-stage 
pulmonary sarcoidosis, sildenafi l failed to improve 6 min walk distance but did 
reduce both mPAP and PVR while increasing cardiac index [ 31 ]. Prostacyclin ther-
apy has also demonstrated benefi t, albeit in very small case series. Use of inhaled 
iloprost in SAPH improved pulmonary hemodynamics, 6 min walk distance, and 
quality of life in a subset of patients [ 32 ]. However, use of these agents should be 
tempered by limited data supporting their use as well as concerns that pulmonary 
vasodilator therapy may precipitate ventilation/perfusion mismatch, particularly in 
SAPH patients with signifi cant hypoxemia and/or pulmonary fi brosis.  

    Transplant 

 The critical role PH plays in the outcomes of sarcoidosis is refl ected in the 
International Society of Heart Lung Transplant consensus guidelines for lung trans-
plantation. Referral for lung transplant evaluation is recommended in patients with 

  Fig. 13.5    Pulmonary artery pressure waveform from a right heart catheterization in 47 year old 
man with stage IV pulmonary sarcoidosis and SAPH. The pulmonary artery pressure was 
63/23 mmHg (mean 37 mmHg), pulmonary capillary wedge pressure 14 mmHg, and pulmonary 
vascular resistance of 6 Woods units       
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New York Heart Association Functional Class III or IV symptom, hypoxemia at 
rest, right atrial pressure of 15 mmHg, or PH [ 33 ].   

    Prognosis 

 SAPH patients are more likely to experience debilitating dyspnea, exercise intoler-
ance, and reduced functional capacity [ 34 ,  35 ]. In a population with pulmonary 
sarcoidosis awaiting lung transplant, the presence of PH predicted a poor prognosis 
[ 36 ,  37 ]. The estimated 5-year survival for SAPH is only 59 %. Little is known 
about the impact of pulmonary vasodilator therapy on mortality in SAPH.  

    Conclusion 

 SAPH represents a heterogeneous set of diseases which challenges the current 
framework for our understanding the pathophysiologic origins of PH. Although 
considerable progress has been made towards elucidating pathologic mecha-
nisms, clinical phenotypes, and treatment selection, signifi cant knowledge gaps 
persist. Similar to other forms of non-PAH PH, the optimal treatment approach 
to SAPH remains essentially unknown. Because SAPH may share certain patho-
physiologic mechanisms with other forms of PH, ongoing investigations into 
hypoxia/chronic lung disease-associated PH and pulmonary venous hyperten-
sion may better inform our understanding of SAPH. However, improving out-
comes in SAPH will ultimately require prospective, blinded studies that recognize 
the unique nature of sarcoidosis and its multitude of clinical phenotypes, each of 
which may require a phenotype-specifi c approach. In the meantime, SAPH is 
likely to remain a challenging problem for the patient and clinician alike. 

 Pearls 
     1.    Sarcoidosis associated pulmonary hypertension (SAPH) most commonly, 

though not always, presents with radiographically-advanced pulmonary 
sarcoidosis.   

   2.    SAPH confers a poor prognosis and is associated with a greater likelihood 
of experiencing debilitating dyspnea, exercise intolerance, and reduced 
functional capacity.   

   3.    Similar to other forms of PH, the diagnosis of SAPH requires a right heart 
catheterization to demonstrate a mean pulmonary artery pressure of 
25 mmHg or higher.   

   4.    Although there is a growing body of evidence to suggest possible benefi t 
of PAH-specifi c therapies in SAPH, there are no currently FDA approved 
medications for SAPH.     
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    Abstract     Cardiac sarcoidosis continues to be a very challenging diagnosis and can 
prove to be even more challenging to manage. In this case series, the authors will 
walk the reader through diffi cult cases in the management of real-life cases of sar-
coidosis with cardiac involvement. Imaging results, catheterization and biopsy 
results, clinical scenarios, and pitfalls in the care of these patients will be reviewed 
through case examples with summaries of key points.  
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         Cardiac Sarcoidosis Clinical Vignette #1 

 A 44-year-old male with a history of hypertension and elevated cholesterol pre-
sented to the local emergency department after a brief episode of syncope. He states 
that he was getting ready for work, “passed out” and fell onto his bed. He thinks he 
was only out for a few seconds. He denied any palpitations, chest pain, tightness or 
discomfort, or other symptoms at that time. He had experienced several episodes of 
light headedness and near syncope for several days before his syncopal episode and 
had noted some “chest congestion” and cough over the preceding 2 months. An 
ECG in the emergency department demonstrated complete heart block. He was 
evaluated by a local cardiologist and had a permanent pacemaker implanted for 
complete heart block (see Fig.  14.1 ). Further evaluation at that time included an 

  Fig. 14.1    Electrocardiogram ( ECG ) demonstrating complete heart block       
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echocardiogram which revealed moderately to severely reduced left ventricular sys-
tolic function with a LVEF of approximately 30 %, and coronary angiography with 
no obstructive coronary artery disease. He was referred for endomyocardial biopsy 
a few weeks after his initial presentation, given his non-ischemic cardiomyopathy 
and complete heart block. His right ventricular endomyocardial biopsy showed 
multifocal giant cell noncaseating granulomas consistent with sarcoidosis.  

 After the endomyocardial biopsy results returned indicating myocardial sarcoid-
osis, he was started on prednisone 60 mg daily which was tapered down to 40 mg 
daily over 2 months, and he was referred to National Jewish Health for evaluation 
and management of his sarcoidosis. Evaluation at that time included a signal aver-
aged ECG which was abnormal, and an echocardiogram showing LV enlargement 
with LVEF of 38 %, stage II LV diastolic dysfunction, biatrial enlargement and 
pacemaker wire in the right ventricle. Appropriate heart failure beta blocker and 
angiotensin converting enzyme inhibitor therapies had previously been initiated, 
and were up-titrated. It was recommended that the patient have his pacemaker 
upgraded to an ICD, which was done by his local cardiologist’s offi ce.  
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    Cardiac Sarcoidosis Clinical Vignette #2 

 A 40-year old woman with a history of progressive shortness of breath and palpita-
tions for 3 months presented with syncope. She was found to have a reduced left 
ventricular ejection fraction of 40–45 % with inferoseptal hypokinesis and mild 
right ventricular enlargement. ECG demonstrated an incomplete right bundle branch 
block. Coronary angiography demonstrated no signifi cant coronary artery disease, 
and chest radiograph demonstrated small left-sided pleural effusion and mild pul-
monary vascular congestion. 

 Holter monitoring demonstrated runs of non-sustained left bundle branch mor-
phology ventricular tachycardia (Fig.  14.2 ). The diagnosis of arrhythmogenic right 
ventricular cardiomyopathy was considered. She underwent a cardiac MRI and was 
found with delayed gadolinium enhancement of the inferoseptal wall and normal 
right ventricular size and function. Chest CT demonstrated no hilar lymphadenopa-
thy. Endomyocardial biopsy was then performed, with attempts to obtain samples in 
the region of delayed gadolinium enhancement and guided by electroanatomic map-
ping (Fig.  14.3 ). Pathology demonstrated non-caseating granulomas, and a diagno-
sis of sarcoidosis was confi rmed.   

 She was started on high dose corticosteroids. The patient had a recurrent synco-
pal episode, and ECG at that time demonstrated Mobitz type 2 second-degree 
AV block (Fig.  14.4 ). An ICD/pacemaker was implanted as a result. Three months 
later, repeat echocardiogram showed improvement in ejection fraction to 55–60 %, 
and as she had no recurrent arrhythmia or heart block on repeat cardiac monitoring, 
a slow taper in steroid dose was started.   

  Fig. 14.2    Rhythm strip demonstrating a run of non-sustained ventricular tachycardia       
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  Fig. 14.3    ( a ) and ( b ) Representative examples of gross granulomatous myocardial scarring and 
microscopic noncaseating granuloma infi ltrating myocardium ( c ) Low-amplitude intracardiac 
electrogram at an involved site ( d ) Electroanatomic map demonstrating reduced voltage corre-
sponding to areas of myocardial scar caused by sarcoid granuloma       

  Fig. 14.4    ECG at that time demonstrated Mobitz type 2 second-degree AV block       
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    Cardiac Sarcoidosis Clinical Vignette #3 

 The patient is a 60-year-old white man with a history of biopsy-proven pulmonary 
sarcoidosis from 5 years ago, which initially manifested with shortness of breath and 
pleurisy that resulted in chest imaging leading to biopsy. He had a history of pericar-
dial effusion with his bout of pleurisy that was self-limited and resolved on its own. 
He had a past medical history signifi cant for dyslipidemia, nephrolithiasis, and bor-
derline enlarged aorta, and incidental coronary calcifi cation seen on chest computed 
tomography (CT). He was being treated by a colleague in pulmonary medicine with 
hydroxychloroquine and prednisone intermittently with some success. 

 His family history was signifi cant for extensive for coronary disease. His mother 
died at age 47 from lymphoma/cancer. A maternal grandfather died at age 58 from 
a myocardial infarction, two maternal uncles were affected by heart disease; one 
died at age 70 from a myocardial infarction and one is alive at age 83 with his fi rst 
myocardial infarction in his 60s. His father was deceased, dying at age 69 from a 
myocardial infarction, and the patient’s older brother was a questionable blue baby 
with “congenital heart disease”, likely a signifi cant atrial septal defect or ventricular 
septal defect per the description – the patient wasn’t entirely sure. 

 The patient’s major complaint was shortness of breath resulting in limitations in 
some of the things he enjoyed doing, in addition to chest tightness he occasionally 
noticed when going to the gym to exercise. It would come on with activity and 
resolve with rest usually within 4–5 min. These symptoms persisted despite predni-
sone and hydroxychloroquine. 

 His ECG in the offi ce showed fi rst-degree atrio-ventricular (AV) block and non- 
specifi c ST-T wave abnormalities (Fig.  14.5 ).  

  Fig. 14.5    ECG demonstrating fi rst degree AV block       
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 His cardiac exam, much to his physicians’ surprise, was largely unremarkable. 
 As a result of his symptoms, a stress test was arranged which demonstrated tran-

sient ST elevations in the inferior leads. In addition, in recovery he had ST depres-
sions, which persisted for several minutes and then resolved with slower heart rates. 
These fi ndings resulted in the patient being sent, by ambulance, to the nearest hos-
pital where a coronary angiogram and catheterization were performed. 

 The catheterization showed a 50–70 % left anterior descending (LAD) artery 
stenosis, his second obtuse marginal (OM2) artery with a 70 % occlusion, his fi rst 
obtuse marginal (OM1) artery with an 80 % occlusion, the left circumfl ex (LCx) 
artery distal total occlusion and a chronic total occlusion of his right coronary artery 
(RCA), receiving collaterals from the LCx. 

 Interestingly, his echocardiogram remained normal with preserved left ventricu-
lar ejection fraction, no pericardial effusion, and normal right ventricular function 
with normal estimated pulmonary artery systolic pressures. 

 His signal averaged ECG, however, remained abnormal in three out of three 
domains throughout his therapy (Fig.  14.6 ).  

  Fig. 14.6    Signal averaged ECG demonstrating three out of three abnormal domains       
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 Advanced imaging with cardiac MRI was surprisingly without areas of delayed 
contrast hyperenhancement, though 18-FDG myocardial PET did show some 
 patchiness suggesting areas of infl ammation (Fig.  14.7 ,  14.8 , and  14.9 ).    

 At this point, the decision was made to perform coronary artery bypass grafting 
(CABG), but because of a densely adherent pericardium, only a left internal mam-

  Fig. 14.7    Cardiac MRI 
delayed contrast enhancement 
image (vertical long axis) 
demonstrating no clear focal 
enhancement       

  Fig. 14.8    Cardiac MRI 
delayed contrast enhance-
ment image (short axis) 
demonstrating no clear focal 
enhancement       
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mary artery (LIMA) to left anterior descending (LAD) artery bypass could be 
performed. Subsequently, he received a stent to his left circumfl ex (LCx) artery 
which completed the revascularization as best as was possible. 

 These interventions resulted in him feeling better, but shortly after surgery he 
developed volume overload and required intensive diuresis. 

 Just when things appeared to be settling down for this patient, he had an episode 
of supraventricular tachycardia (SVT) with heart rates >160 bpm resulting in 
another emergency room visit with a diagnosis of atrioventricular nodal re-entrant 
tachycardia (AVNRT). He underwent an ablation (and a concurrent right ventricular 
voltage map and programmed electrical stimulation study which was negative for 
inducible ventricular tachycardia). 

 Once all of the above issues were settled, the patient went on vacation to Florida 
(USA) and played golf for an extended period of time in the heat of the Florida sum-
mer. As he was also on a statin with his intensive coronary disease, his urine turned 
red in color prompting another emergency room visit for mild rhabdomyolysis that 
resolved with hydration and discontinuation of the statin. 

 Eventually, the patient’s condition returned to normal and he has been successful 
at improving his lifestyle, diet, and exercise and has tolerated low dose statins with-
out much trouble. 

  Fig. 14.9    18-FDG myocar-
dial PET demonstrating 
patchy on diffuse hypermeta-
bolic activity suggesting 
active infl ammation. Note 
myocardial and likely 
pericardial involvement       
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    Interesting Points 

     1.    Cardiac sarcoidosis can present with normal heart function, but still have peri-
cardial involvement with rhythm disturbances, including fi rst degree AV block.   

   2.    Cardiac MRI did not show evidence for scarring with delayed contrast hyperen-
hancement, but, 18-FDG myocardial PET did show patchy infl ammation on top 
of overall infl ammation.   

   3.    While an echocardiogram did not show any abnormalities, an abnormal signal- 
averaged ECG raised a strong possibility for cardiac sarcoidosis early on in the 
case.   

   4.    Pericardial involvement is uncommon even in the presence of extensive myocar-
dial infi ltration. It is observed in fewer than 10 % of patients with cardiac sar-
coidosis, and these patients usually remain asymptomatic [ 1 ].   

   5.    Small pericardial effusions detected by echocardiography were found in 19 % of 
patients with sarcoidosis [ 2 ].       
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    Cardiac Sarcoidosis Clinical Vignette #4 

 A 75 year old Japanese woman diagnosed with sarcoidosis 21 years previously with 
skin and eye involvement treated with local and topical steroids. Two years after her 
diagnosis of sarcoidosis, she suffered a sudden cardiac arrest event but was success-
fully resuscitated by emergency medical services. An automated implantable car-
dioverter defi brillator (AICD) was implanted and she has been well since then. 

 Two years previously, she began to complain of a vibrating and fl uttering sensa-
tion in her chest and interrogation of her AICD revealed several appropriate anti- 
tachycardia pacing interventions by her AICD for ventricular tachycardia in the past 
2–3 months. She was subsequently referred to our granuloma clinic for further 
assessment and management of potential active sarcoidosis myocarditis. Her car-
diac medications at the time of presentation included sotaolol, losartan and aspirin. 
Her initial physical exam revealed stable vital signs and overall unremarkable phys-
ical exam. 

 Initial workup included the following:

•    Twelve lead ECG: Sinus rhythm, rate of 67, normal axis, interventricular con-
duction delay with nonspecifi c ST and T-wave changes.  

•   Echocardiogram: Normal left ventricular size and wall thickness with mildly 
reduced overall systolic function, estimated left ventricular ejection fraction 
40–50 %. Basal infero-septal and posterior wall thinning with akinesis.    

 She was subsequently started on prednisone at 20 mg daily for 2 months fol-
lowed by a slow tapering schedule over the next 4 months, and concomitant oral 
methotrexate starting at 7.5 mg weekly up-titrated gradually to a maintenance dose 
of 15 mg weekly with folic acid supplementation on a daily basis. Cardiac magnetic 
resonance imaging could not be performed due to the AICD. 

 On follow up and since starting her immunosuppressive regimens, she has had 
one to two arrhythmic events that did not require any intervention by her AICD. Her 
echocardiogram remained stable without change in her LV function, LVEF or wall 
motion abnormalities. She is currently maintained on methotrexate 15 mg weekly, 
has not required any interventions from her AICD and has not required any ablation 
procedures. Her cardiac medications remained stable throughout her course. 

    Interesting Points 

 This case highlights the potential causes of new or worsening arrhythmias in patients 
with known cardiac sarcoidosis. New or worsening arrhythmias can develop either due 
to active granulomatous myocarditis or due to scar formation (new or pre- existing). 
Arrhythmias due to active myocarditis are usually responsive to immunosuppressive 
therapy and the preferred agent is corticosteroids due to its rapid onset. The ideal dose 
is not exactly known but based on available literature [ 3 ] and expert consensus [ 4 ] a 
dose of 30–40 mg of prednisone daily (or equivalent) is usually recommended. Our 
case demonstrated a rapid improvement and resolution of her arrhythmias with immu-
nosuppressive therapy and she did not require ablative therapy.   
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    Cardiac Sarcoidosis Clinical Vignette #5 

 In this case report, a patient with cardiac sarcoidosis was successfully treated with 
catheter ablation for the treatment of ventricular arrhythmias refractory to anti- 
arrhythmic and immunosuppressive therapy. 

 A 58 year-old man with a prior history of cardiac sarcoidosis with preserved 
ejection fraction presented with frequent episodes of syncope and near syncope. 
While on telemetry monitoring, spontaneous salvos of non-sustained ventricular 
tachycardia (NSVT) were observed corresponding to symptoms of light- headedness 
(Fig.  14.10 ). The patient was given amiodarone and empiric immunosuppression 
with incomplete suppression of the spontaneous arrhythmias. Because of the fre-
quency of the symptomatic ventricular arrhythmias refractory to medical therapy, 
catheter ablation was performed.  

 The initial endocardial voltage map revealed a small amount of right and left 
ventricular scar (Fig.  14.11 ). Activation mapping of frequent premature ventricular 
contractions (PVCs) that matched the morphology of the spontaneous NSVT 
revealed an area of diffuse activation at the basal free wall of the right ventricle. The 
morphological characteristics of the electrogram (predominant early far-fi eld 

  Fig. 14.10    Twelve-lead electrocardiogram of spontaneous and rapid non-sustained ventricular 
tachycardia       
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 electrogram) with a diffuse early endocardial activation indicated an epicardial site 
of origin for the VT. Therefore epicardial access was obtained for continued map-
ping of the arrhythmogenic tissue.  

 During sinus rhythm, the electroanatomical voltage map on the epicardial sur-
face revealed a large heterogeneous area of reduced voltage at the basal free wall 
immediately opposite to the sites of early activation on the endocardial surface. 
Upon induction of general anesthesia and access to the epicardium, the tachycardia 
was no longer observed, therefore a strategy of pacemapping with affected regions 
of scar was used to identify ablation targets. Ablation of all abnormal signals 
within the hetergenous scar yielding perfect or near-perfect pacemaps was 
performed. 

 Following ablation, the patient had no further ectopy or ventricular tachycardia 
and has been free of any ventricular arrhythmia over the course of 3 years of follow-
 up off of immunosuppressive and anti-arrhythmic drug therapy. 

  Fig. 14.11    Electroanatomical map of the epicardial right ventricle with a sample of a recorded 
electrogram in the borderzone of scar identifying the presence of near fi eld electrical signals after 
the inscription of the QRS complex (late potential)       
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    Interesting Points 

 This case is illustrative of several important and unique characteristics of sarcoid-
osis related ventricular arrhythmias. The mechanism of the ventricular arrhythmia 
was proven to be related to the heterogeneous scar identifi ed on the epicardial sur-
face. Only after epicardial access was obtained, could this scar be revealed and 
appropriately targeted for ablation. Prior studies [ 5 ,  6 ] evaluating VT related to 
cardiac sarcoidosis have noted epicardial involvement, and thus this case demon-
strates the need to evaluate this possibility for successful ablation. 

 An interesting aspect of this case was the inability to control the ventricular 
arrhythmias with pharmacologic therapy. Several investigators have reported cases 
where immunosuppression was effective in suppressing ventricular arrhythmias in 
cardiac sarcoidoisis patients with evidence of active infl ammation [ 7 ]. In this case, 
the use of anti-arrhythmic and immunosuppressive agents was not effective in con-
trolling symptoms related to the arrhythmia. 

 Finally, ablation attempts for treatment of ventricular arrhythmias related to car-
diac sarcoidosis are often not successful due to the wide distribution of scar in the 
endocardium, epicardium, and mid-myocardium as well as an unpredictable pro-
gression of the sarcoidosis itself [ 8 ]. In this particular case, a single region was iden-
tifi ed as an ablation target possibly increasing the chances for long-term success. 

 In summary, this case demonstrates how ablation can be required for successful 
management of drug-refractory symptomatic ventricular arrhythmias related to car-
diac sarcoidosis.   
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    Cardiac Sarcoidosis Clinical Vignette #6 

 As described in Chap.   9    , patients with cardiac sarcoidosis can present with varying 
degrees of heart block due to septal infl ammation and scarring. While long term 
scarring of the basal septum resulting in heart block is irreversible, if the mechanism 
of heart block is instead infl ammation related to granulomatous infi ltration that has 
not yet resulted in scar, immunosuppression and/or corticosteroids can potentially 
recover atrioventricular conduction. 

 A 43 year old man with cardiac sarcoidosis originally presented with symptomatic 
second degree AV block Type 2 requiring the implantation of a permanent pacemaker 
in 2004. This device was later upgraded to a dual chamber implantable cardioverter-
defi brillator (ICD) in 2006 because of concern for sudden death risk due to progres-
sion of cardiac sarcoidosis. In addition to worsening left ventricular dysfunction, the 
patient progressed to complete heart block. Five years later, device reprogramming 
(see Fig.  14.12 ) revealed the recovery of AV conduction and a dramatic reduction in 
ventricular pacing. During this period of time the patient was maintained on a stable 
dose of prednisone and was not on any other immunosuppressant.  

    Interesting Points 

 This case illustrates an unusual time course for the recovery of AV conduction in a 
patient with complete heart block due to cardiac sarcoidosis. This late recovery may 
have resulted from resolution of infl ammation related to granuloma deposition 
within the interventricular septum with chronic low dose steroid exposure. 
Importantly, this case emphasizes that patients with complete heart block and car-
diac sarcoidosis should be evaluated for recurrent atrioventricular conduction dur-
ing routine follow-up so that devices can be reprogrammed and forced 
right-ventricular pacing minimized (Fig.  14.12 ).   
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  Fig. 14.12    An example of device interrogation data showing recovery of atrioventricular conduc-
tion in a patient with cardiac sarcoidosis and a dual-chamber ICD initially placed in the setting of 
complete atrioventricular block. ( A ) Lower rate reprogrammed to minimize atrial pacing, ( B ) rec-
ognition of recovered atrioventricular conduction and longer atrioventricular delay programmed, 
( C ) further delay in atrioventricular interval pacing programmed to minimize ventricular pacing       
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    Cardiac Sarcoidosis Clinical Vignette #7 

 A 61-year old female presented with persistent headache and underwent a com-
puted tomography (CT) of the head and neck for further evaluation. Although there 
was no obvious source of headache identifi ed, an incidental fi nding of nodularity in 
the lung apices was noted. Chest and abdominal CT was performed for further eval-
uation and revealed signifi cant abdominal lymphadenopathy. Due to a suspicion for 
lymphoma, a retrocaval biopsy was performed and revealed extensive non-necrotiz-
ing granulomatous formation consistent with abdominal sarcoidosis. 

 Because of complaints of mild palpitations and a concern for concurrent cardiac 
sarcoidosis (CS), echocardiography was performed. This revealed preserved left 
ventricular systolic function, left ventricular ejection fraction 61 %, with stage II 
diastolic dysfunction, and mildly elevated right ventricular systolic pressure 
(37 mmHg). 

 A 24 hour Holter monitor was performed and revealed 14,951 premature ventricu-
lar complexes (18 % of recorded beats) with 3 and 4 beat runs of non-sustained ven-
tricular tachycardia, heart rate 220 beats per minute, without associated symptoms. 

 A cardiac magnetic resonance imaging (CMR) study was performed and demon-
strated normal left ventricular ejection fraction, LVEF 62 %, with a focus of delayed 
contrast hyperenhancment in the mid apical lateral wall suggestive of CS (see 
Fig.  14.13 ).  

  Fig. 14.13    A 61 year old woman with a history of sarcoidosis with mediastinal and abdominal 
lymphadenopathy. The diagnosis of sarcoidosis was made by retrocaval needle core biopsy with 
pathology demonstrating non-necrotizing granulomatous infl ammation consistent with sarcoid-
osis. The patient experienced inducible VT/VF and frequent PVCs. Imaging with Cardiac MRI 
demonstrated mild focal delayed hyperenhancement in the apical lateral wall ( arrows ) suggestive 
of focal cardiac sarcoidosis. The patient subsequently received an implantable cardioverter defi -
brillator (ICD)       
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 Subsequently, a right ventricular electrophysiology mapping study and pro-
grammed electrical stimulation study were performed which demonstrated induc-
ible polymorphic ventricular tachycardia and fi brillation with low stimulation 
consistent with CS-associated ventricular dysrhythmia. 

 A dual chamber internal cardiac defi brillator (ICD) was implanted without com-
plications. Since the ICD implant, the patient has not experienced any ICD dis-
charges or syncope. 

    Interesting Points 

 This case highlights the role that CMR can play in the decision to proceed with 
invasive electrophysiology testing for suspected CS. The combination of palpi-
tations, ventricular tachycardia on non-invasive rhythm monitoring, and a 
delayed contrast hyperenhancement pattern on CMR that is typical for CS all 
suggest a high pretest probability of cardiac involvement. However, delayed 
hyperenhancement that is isolated to more atypical locations for CS such as the 
mid septal wall can represent other myocardial disease states such as dilated 
cardiomyopathy and myocarditis. Therefore, caution should be taken to inter-
pret the CMR fi ndings in the context of other clinical signs, symptoms, and 
fi ndings when determining whether invasive electrophysiologic testing is 
appropriate.   
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    Cardiac Sarcoidosis Hypertension Clinical Vignette #8 

 A 45-year old male with a history of transbronchial biopsy-proven Stage IV pulmo-
nary sarcoidosis, tobacco use, and methamphetamine use presented with New York 
Heart Association (NYHA) functional class III dyspnea. Initial pulmonary function 
testing demonstrated a severely reduced forced expiratory volume at 1 s (FEV1) of 
1.4 L (33 % predicted), a forced vital capacity (FVC) of 2.73 L (50 % predicted), a 
FEV1/FVC of 51 %, and a diffusion capacity of 40 % predicted, all suggestive of 
combined obstructive and fi brotic lung disease. Methotrexate and prednisone were 
initiated for pulmonary sarcoidosis. 

 Due to a suspicion of sarcoidosis-associated pulmonary hypertension (SAPH), 
an echocardiogram was performed and revealed severe right ventricular (RV) 
enlargement, RV pressure overload, RV hypertrophy, and RV systolic dysfunction. 
Estimated right ventricular systolic pressure (RVSP) was only mildly elevated at 
41 mmHg by echocardiogram. 

 A right heart catheterization demonstrated a mean pulmonary artery pressure of 
41 mmHg and a pulmonary capillary wedge pressure of 13 mmHg (see Fig.  14.14 ).  

  Fig. 14.14    Pulmonary artery pressure waveform from a right heart catheterization in 47 year old 
man with stage IV pulmonary sarcoidosis and SAPH. The pulmonary artery pressure was 
63/21 mmHg (mean 40 mmHg), pulmonary capillary wedge pressure 14 mmHg, and pulmonary 
vascular resistance of 6 Woods units       
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 The patient was treated with supplemental oxygen, furosemide, spironolactone, 
and tadalafi l. Although he initially improved to NYHA functional class II, his symp-
toms later progressed. 

 A repeat right heart catheterization demonstrated essentially no change in hemo-
dynamics: the mean pulmonary artery pressure was 40 mmHg and the pulmonary 
capillary wedge pressure was 14 mmHg. 

 The patient could not tolerate combination therapy with ambrisentan or maciten-
tan, due to signifi cant edema, and he was subsequently placed on inhaled iloprost. 

    Interesting Points 

 This case highlights the association of SAPH with advanced pulmonary sarcoidosis, 
the potential for SAPH to overlap with other PH etiologies including chronic 
obstructive pulmonary disease and methamphetamine use, the limitation of using 
echocardiogram estimated RVSP to estimate pulmonary artery systolic pressure, 
and the potential refractory nature of SAPH to conventional PAH therapies.   
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    Cardiac Sarcoidosis Clinical Vignette #9 

 A 48-year-old female with no prior history of heart disease or systemic cardiac 
sarcoidosis was referred for cardiac MRI (CMR) to evaluate for potential cause of 
palpitations and pre-syncope. She also was evaluated with a Holter monitor prior to 
the CMR study and was found to have one episode of a fi ve beat run of non- sustained 
ventricular tachycardia. 

 The CMR study revealed normal left ventricular size and global function (LVEF 
= 57 %). There were no regional wall motion abnormalities. Late gadolinium 
enhancement (LGE) images showed a medium amount of subepicardial and mid-
wall late gadolinium enhancement involving the basal and inferoseptum at the RV 
insertion point (Fig.  14.15 , red arrow).  

 There was also a small amount of LGE uptake involving the right ventricular free 
wall and the basal anteroseptum. The location and multi-focal nature of the LGE 
fi ndings were strongly suspicious for cardiac sarcoidosis. 

 Due to suspicion for cardiac sarcoidosis, the patient was referred for PET/CT for 
further evaluation (see Chap.   6     for explanation of protocol as well as dietary prepa-
ration). The whole body and myocardial PET/CT study was performed after an 
injection of 10 mci of F18-fl urodeoxyglucose to assess for metabolism and 22 mci 
of N13 ammonia to assess resting myocardial perfusion. 

 The PET/CT images demonstrated a resting perfusion defect involving the basal 
and mid inferior wall which was matched by increased FDG uptake (red arrow). In 
addition, there was FDG uptake involving the right ventricular free wall (Fig.  14.16  
white arrow), a fi nding which is associated with an increased risk of adverse events 
[ 9 ]. The whole body FDG images demonstrated mild to moderate focal FDG uptake 
in both hilar regions and in some mediastinal lymph nodes.  

 Collectively, the combination of the CMR and PET fi ndings, were diagnostic of 
cardiac sarcoidosis, and no alternative diagnosis was present to account for these 
imaging fi ndings. In order to obtain a histological diagnosis, the patient was advised 
to consider a mediastinal biopsy but declined. 

a b

  Fig. 14.15    Cardiac MRI late gadolinium enhancement images. ( a ) Basal short axis. ( b ) Two 
chamber view. See text for explanation of fi ndings       
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 In this case, given the overwhelming clinical and imaging fi ndings, it was decided 
to treat the patient for presumed cardiac sarcoidosis despite the absence of a histo-
logical diagnosis. Such an approach is often required in taking care of patients with 
cardiac sarcoidosis, especially given the low yield of endomyocardial biopsy. 

 Due to the CMR and PET fi ndings the patient was determined to have an increased 
risk of adverse events and therefore advised to undergo ICD implantation. 

 She declined due to several concerns, most notably adversity to having a medical 
device implanted in her body. Several months later, she experienced a syncopal 
event and upon hospital admission was found to have ventricular tachycardia. She 
was subsequently treated with ICD implantation as well as started on immunosup-
pressive therapy. 

    Interesting Points 

 As discussed in this guidebook, CMR and PET both visualize different aspects of 
cardiac sarcoidosis and these tests are often complementary in establishing the 
diagnosis and prognosis of patients with suspected cardiac involvement. Importantly, 
abnormalities on these exams, even in the presence of normal left ventricular ejec-
tion fraction, is associated with a higher risk of death or ventricular tachycardia.   
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  Fig. 14.16    Cardiac PET/CT showing perfusion (N13 ammonia) and metabolism (F18- 
Flurodeoxyglucose) images. See text for explanation of fi ndings       
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    Cardiac Sarcoidosis Clinical Vignette #10 

 A 66-year-old white man with a 2 year history of mild non-ischemic cardiomyopa-
thy was admitted for management of recurrent multifocal monomorphic ventricular 
tachycardia (VT) and worsening systolic function. His initial presentation was of 
highly symptomatic palpitations related to sustained VT. At the time echocardiog-
raphy revealed mild LV systolic dysfunction, a coronary angiogram was normal and 
an ICD was implanted. 

 Subsequently he failed therapy with sotalol and amiodarone and one attempt at 
endocardial radiofrequency ablation (RFA) had not reduced his burden of VT. He 
had no history or clinical evidence of systemic sarcoidosis. 

 As shown in Fig.  14.17 , electrocardiography revealed sinus rhythm with fi rst 
degree atrio-ventricular (AV) block, left axis deviation, right bundle branch block 
and bigeminal premature ventricular contractions. Echocardiography (Fig.  14.18 ) 
revealed a non-dilated left ventricle, with moderate systolic dysfunction (LVEF 
40 %) and mild apical hypokinesis.   

 Right heart catheterization revealed mildly increased biventricular fi lling pres-
sures. Endomyocardial biopsy was performed without complication and identifi ed 
granulomatous myocarditis consistent with sarcoidosis. 

 FDG-PET (Fig.  14.19 ) revealed a small size, mild intensity, perfusion defect 
involving the basal and mid infero-septal walls and FDG revealed diffusely increased 
myocardial uptake particularly in the basal portion of the heart. Additionally he had 
FDG avid mediastinal lymph nodes. The SUV max in the LV myocardium 12.3, 
cerebellar SUV max was 9.3.  

  Fig. 14.17    Electrocardiography revealed sinus rhythm with 1st degree atrio-ventricular ( AV ) 
block, left axis deviation, right bundle branch block and bigeminal premature ventricular 
contractions       
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End-diastole End-systole

  Fig.14.18    Echocardiography revealed a non-dilated left ventricle, with moderate systolic dys-
function (LVEF 40 %) and mild apical hypokinesis       
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  Fig. 14.19    FDG-PET revealed a small size, mild intensity, perfusion defect involving the basal 
and mid infero-septal walls and FDG revealed diffusely increased myocardial uptake particularly 
in the basal portion of the heart       
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 Invasive electrophysiology (EP) study identifi ed prolongation of AH (191 ms) 
and HV (60 ms) intervals. Voltage mapping revealed endocardial and epicardial 
scars in the posterobasal septum around the tricuspid and mitral annulus. 
Programmed stimulation induced three different morphologies of VT with left, 
right and indeterminate bundle morphology. Endocardial and epicaridal radio- 
frequency energy were applied to multiple areas with substantial abatement, but not 
elimination of inducible VT. To mitigate future arrhythmia he was treated with 
metoprolol succinate and mexilitine. 

 In order to prevent further deterioration in systolic function, conduction disease 
and recurrent VT, the patient was initiated on prednisone, 0.5 mg/kg, which was 
gradually tapered to 10 mg daily over 6 months. Prior to initiating prednisone he 
was tested for latent tuberculosis, bone densitometry was normal and he was taught 
to check his blood sugar. 

 Subsequently he developed weight gain, Cushingoid features, proximal muscle 
weakness and depression. Repeat PET revealed interval decrease in FDG avidity 
and modest increase in LV systolic function (LVEF 50 %). Low dose methotrexate 
(15 mg/week) and folic acid (1 mg/day) were substituted for prednisone. 

 The PR interval remained prolonged and the patient required a second EP study 
and radiofrequency ablation for management of recurrent VT 6 months after the 
diagnosis of cardiac sarcoidosis. At that time fi ve different foci were ablated and 
metoprolol was transitioned to nadolol. 

 He returned 18 months after diagnosis of CS for routine evaluation. By echocar-
diography, LVEF remained low normal and there was no suggestion of residual 
infl ammation by FDG PET. He had a modest burden of non-sustained VT on ICD 
interrogation, but no ICD therapies for VT were required. On this basis methotrex-
ate was discontinued. 

 Three years after his index presentation, 2 years after prednisone was weaned off 
and 1 year after methotrexate was discontinued, he has remained clinically stable on 
mexilitine and nadolol. 

 He continues to undergo frequent echocardiographic surveillance, but repeat 
PET was discontinued in lieu of clinical events. 

    Interesting Points 

     1.    Corticosteroid therapy for cardiac sarcoidosis has been most effective in treating 
AV block, and less effi cacious for VT where scar related reentry is unlikely to be 
ameliorated by resolution of infl ammation [ 10 ].   

   2.    Ventricular tachycardia associated with cardiac sarcoidosis is multifocal mono-
morphic and may require multiple anti-arrhythmic medications and invasive pro-
cedures to control [ 6 ].   

   3.    Patients should be prepared for the considerable morbidity associated with high 
dose corticosteroids. Pre-steroid testing should include an assessment for latent 
tuberculosis infection, osteoporosis and glucose intolerance.          
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    Chapter 15   
 Patient-Centered Care for Sarcoidosis 

             Darlene     Kim       and     Howard     D.     Weinberger      

    Abstract     Caring for patients with sarcoidosis is a challenge. As a relatively rare 
disorder of unknown etiology, with the potential to affect multiple organ systems in 
an unpredictable fashion, a patient-centered rather than disease centered approach is 
very important. Some of the keys to a patient-centered approach include health lit-
eracy, patient education, shared decision-making, patient-centered outcomes, and a 
multidisciplinary team approach which actively involves the patient. These compo-
nents for a patient-centered approach will be discussed in this chapter.  

       Patient-Centered Care 

    Caring for patients with sarcoidosis is a challenge. As a relatively rare disorder of 
unknown etiology, with the potential to affect multiple organ systems in an unpre-
dictable fashion, a patient-centered approach is very important. Patient-centered 
care is defi ned as “care that is respectful of and responsive to individual patient 
preferences, needs, and values, and ensuring that patient values guide all clinical 
decisions” [ 1 ]. At fi rst glance, the concept seems redundant to the practice of good 
medicine to warrant deliberate and prescribed reinforcement by the medical com-
munity today. However, a twentieth century emphasis on pathophysiology and 
evidence- based medicine has arguably given rise to medical care that has gradually 
become “disease-centric.” A patient-centered approach is a method of care that 
places a sharp focus on the patient rather than on the disease, emphasizing effective 
communication, engagement and empowerment of the patient as an active rather 
than passive participant in his/her care in addition to empathy, transparency, and a 
sense of partnership between patient and physician.  
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    Health Literacy 

 Health literacy is key to patient-centered care. Sarcoidosis poses a greater challenge 
for caregivers to provide information and education to patients compared to a dis-
ease process that is better understood. Despite many hypotheses, the cause of sar-
coidosis remains unknown to all. Many patients assume that their understanding of 
sarcoidosis is incomplete rather than realizing that in actuality, our knowledge as an 
entire medical and scientifi c community, is incomplete. Effective physician- patient 
communication that promotes an understanding that we are all “on the same page” 
in terms of what we know and do not know about sarcoidosis helps to engender a 
sense of team approach. Communication and understanding here is also critical in 
terms of discussing current treatment options based on what is known, albeit, 
incompletely.  

    Shared Decision-Making 

 While there is no cure for sarcoidosis today, treatment options exist because we 
have established that disease propagation is immune-mediated. Health literacy pro-
moting understanding the link between limiting disease progression and the neces-
sity of immunomodulators helps to get the “buy-in” from patients, encouraging 
patient adherence to a treatment regimen that is born of an understanding of the 
disease process and treatment. A transparent discussion about the therapeutic ben-
efi ts as well as potential toxicities of treatment, combined with a thoughtful, indi-
vidualized weighing of risks and benefi ts is an example of patient-centered shared 
decision-making. Similar risk/benefi t discussions accounting for radiation exposure 
and invasiveness of tests and procedures vis-à-vis expected diagnostic and therapeu-
tic benefi ts should be undertaken at every step.  

    Patient-Centered Outcomes 

 Health status encompasses disease activity, functional status, and quality of life. 
Beyond measurements of disease activity (e.g., pulmonary function tests and echo-
cardiograms), a primary treatment goal in sarcoidosis is the impact of disease status 
on a patient’s symptoms and quality of life. Quality of life is a person’s overall sat-
isfaction with issues of importance to him/her, and  distinct  from functional status, 
which is the ability to perform in physical, social, and mental activities of daily 
living. Caregivers need to be reminded of quality of life as an important patient- 
centered endpoint, in addition to disease activity and functional status. The 
Sarcoidosis Health Questionnaire is a health-related quality of life instrument that 
was designed specifi cally for patients with sarcoidosis [ 2 ]. It is an assessment that 
evaluates for daily functioning, physical functioning, and emotional functioning are 
overlapping parts of a comprehensive evaluation of quality of life. It provides 
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caregivers a way to partly quantify this important end-point, and can open opportu-
nities to discuss areas in which quality of life may be improved, for instance, sup-
port groups for patients whose quality of life suffers from a sense of isolation.  

    Collaborative Care: The Sarcoidosis Team Approach 

 Because sarcoidosis may affect a variety of organ systems, it is important to involve 
physicians with experience and interest in sarcoidosis for the care of patients 
affl icted by this disease. Utilizing a team approach that includes specialists in the 
areas and organ systems involved will help optimize the patient-centered focus for 
evaluation, monitoring and management of patients with sarcoidosis, and especially 
those with cardiac sarcoidosis. 

 The lead physician should be a sarcoidosis specialist, which will likely be a pul-
monologist or perhaps a rheumatologist with interest and experience in identifying, 
monitoring and treating sarcoidosis. As sarcoidosis primarily affects the lungs, a 
pulmonologist should be an integral member of the team if a non-pulmonologist is 
the lead physician. Other specialists with experience and interest in sarcoidosis 
should be involved based on organ system involvement. As sarcoidosis and some of 
the treatments for sarcoidosis may often affect the eyes, an ophthalmologist with 
experience and interest in sarcoidosis should be a part of the team. 

 For patients with known or suspected cardiac sarcoidosis, a cardiologist with 
experience and interest in cardiac sarcoidosis is an integral part of the team. This 
physician will guide diagnostic testing and serial monitoring of cardiac status and 
will work with the pulmonologist/sarcoidosis specialist in regards to sarcoidosis 
specifi c treatment. Standard therapies for cardiovascular disease, including those 
for heart failure should also be implemented. The sarcoidosis cardiologist will also 
incorporate cardiology subspecialists such as electrophysiologists and interven-
tional cardiologists as indicated. A cardiac electrophysiologist should be an active 
participant in the evaluation and management of patients with known or suspected 
cardiac sarcoidosis, especially in regards to invasive electrophysiology testing for 
risk stratifi cation, and for arrhythmia and device therapies. 

 As the evaluation, diagnosis and monitoring of patients with cardiac sarcoidosis 
involves an array of advanced imaging procedures, a radiologist with expertise in 
advance imaging as well as sarcoidosis is important. This includes not only standard 
radiographs and CT scans, but nuclear myocardial perfusion imaging, cardiac mag-
netic resonance imaging (CMRI) and cardiac 18-FDG PET scanning.     
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                        Sarcoidosis Resources for Patients 
and Caregivers 

  World Association of Sarcoidosis and other Granulomatous disorders :   www.wasog.org     
   WASOG journal  Offi cial journal of WASOG “sarcoidosis vasculitis and 

diffuse lung diseases” 
 Includes clinical research, review articles, case reports, and 
editorials 

   List of key papers  List of abstracts of selected literature relevant to sarcoidosis 
   Patient societies  International list of sarcoidosis patient groups 
   Video  Webinars including key lectures from experts 
   Newsletter 
   Meetings  List of sarcoidosis-related conferences worldwide 
  Foundation for sarcoidosis research :   www.stopsarcoidosis.org     
   Patient registry  “Sarcoidosis advanced registry cures,” a web-based 

longitudinal patient registry in progress 
   Clinical trial connector  List of open trials recruiting patients 
   Support group directory  Identifi es formal support groups worldwide 
   Patient advocacy and 

education materials 
 Informative brochures for patients 

   Patient conferences and 
workshops 

 List of events including awareness walks/runs, fundraisers, 
conferences 

   Physicians’ treatment 
protocol 

 Handy treatment guidelines reference document and mobile 
app 

http://www.wasog.org/
http://www.stopsarcoidosis.org/


167© Springer International Publishing Switzerland 2015 
A.M. Freeman and H.D Weinberger (eds.), Cardiac Sarcoidosis: 
Key Concepts in Pathogenesis, Disease Management, and Interesting Cases,  
DOI 10.1007/978-3-319-14624-9

  A 
  A Case Control Etiologic Sarcoidosis Study 

(ACCESS study) , 5–6  
   Acute management, of cardiac sarcoidosis 

 cardiac manifestations in patients with 
 hitherto unknown systemic 

sarcoidosis , 95  
 isolated cardiac sarcoidosis , 96–97  
 known systemic sarcoidosis , 94–95  

 corticosteroids , 97  
 atrioventricular block , 98  
 testing and management for , 99  
 ventricular tachycardia , 98–99  
 worsening systolic function , 99–100  

 diagnostic criteria , 94, 95  
 immunosuppressive agents , 98  
 sarcoidosis evaluation , 97  
 steroid sparing agents , 97  

   Ambulatory electrocardiographic monitoring , 
19–20  

   American College of Cardiology Foundation 
(ACCF) , 75–76  

   American Heart Association (AHA) , 75–76  
   Angiotensin-converting enzyme (ACE) 

genes , 6  
   Antitumor necrosis factor-alpha (Anti-TNF- α ) , 

106–107  
   Arrhythmias management 

 atrial arrhythmias , 85–87  
 conduction system disease 

 atrioventricular block , 84–85  
 bundle branch block , 82  
 catheter ablation of , 89  
 electrocardiographic progression 

of , 82–84  
 sinus node dysfunction , 85, 86  

 ventricular arrhythmias 
 anti-arrhythmic drugs , 88–89  
 corticosteroids , 88–89  
 granuloma infi ltration , 88  
 pleomorphic ventricular 

tachycardia , 88  
 worsening of , 145  

   Atrial arrhythmias 
 anti-arrhythmic therapy , 87  
 catheter ablation of , 87  
 mechanism of , 86–87  
 prevalence of , 85, 87  

   Atrioventricular block , 84–85, 98  
   Atrioventricular (AV) conduction, 

recovery of , 149  
   Automated implantable cardioverter 

defi brillator (AICD) , 145  
   Azathioprine , 107, 109  

    B 
  Bundle branch block , 82  

    C 
  Cardiac catheterization , 73–74  
   Cardiac magnetic resonance imaging 

(CMR) , 154, 155  
 delayed contrast hyperenhancement , 142  
 with delayed gadolinium , 76  
 extracardiac fi ndings , 32  
 features and disease pattern 

 acute infl ammation , 29  
 post-infl ammatory scarring , 29, 30  
 pulmonary hypertension , 31  
 wall motion abnormality , 31  

                         Index 



168

 Cardiac magnetic resonance 
imaging (CMR) (cont.) 

 fi rst imaging strategy , 60–63  
 left ventricular ejection fraction , 150–151  
 limitations for , 32, 33  
 myocardial DHE diagnosis , 31  
 post-processing , 28  
 prognostic value of , 59–60, 64  
 protocol/sequences , 27–28  
 role of , 25–26  
 SCD risk stratifi cation , 116  
 steroid therapy , 67  
 techniques , 26–28  
 T2 weighted imaging , 25  

   Cardiac PET/CT , 154, 155  
 hypermetabolic activity , 33–34  
 pre-exam patient instructions , 32–33  

   Cardiac sarcoidosis , 3  
 clinical presentations , 11–13  
 complete heart block , 12  
 valvular dysfunction , 12–13  

   Collaborative care , 163  
   Complete atrioventricular block (CAVB) , 

84–85  
   Complete heart block 

 clinical presentation , 11, 12  
 electrocardiogram , 16, 136  

   Conduction system disease 
 atrioventricular block , 84–85  
 bundle branch block , 82  
 catheter ablation of , 89  
 electrocardiographic progression of , 82–84  
 sinus node dysfunction , 85, 86  

   Corticosteroids , 97  
 atrioventricular block , 98  
 granulomas , 138  
 left ventricular function , 105  
 testing and management for , 99  
 for ventricular arrhythmias , 88, 89  
 ventricular tachycardia , 98–99  
 worsening systolic function , 99–100  

    D 
  Delayed hyperenhancement (DHE) imaging , 

27  
   Delphi study , 107, 108  

    E 
  Electroanatomical mapping (EAM) , 77–78  
   Electroanatomical voltage map , 147  
   Electrocardiography (ECG) , 16–19  

 complete heart block , 136  
 of conduction system disease , 82–84  

 fi rst degree AV block , 140, 156  
 Mobitz type 2 second-degree 

AV block , 138, 139  
 multimodality imaging , 55–56  
 non-dilated left ventricle , 156, 157  
 patients with sinus node 

dysfunction , 85, 86  
 sarcoidosis-associated pulmonary 

hypertension , 128, 129  
   Electrophysiology (EP) study 

 AH and HV prolongation , 158  
 patients with extra-cardiac sarcoidosis , 74  

   Endomyocardial biopsy , 20, 74, 137  
 AHA/ACCF/ESC joint statement , 75–76  
 clinical scenarios , 76  
 delayed gadolinium enhancement , 138  
 electroanatomical mapping-guided 

biopsy , 77–78  
 imaging-guided biopsies , 76–77  
 major and minor complications , 75  

   European Society of Cardiology 
(ESC) , 75–76  

    F 
   18 F-fl uoro-2-deoxyglucose positron emission 

tomography ( 18 F-FDG PET) 
 active infl ammation/damage. , 76  
 patchy infl ammation , 143  
 SCD risk stratifi cation , 116  

   F18-Flurodeoxyglucose (F18-FDG) , 41  
   First-degree atrio-ventricular (AV) block , 140  
   18-fl ouro-deoxuyglucose positron emission 

tomography (FDG-PET) , 156–157  
 image interpretation , 43–46  
 with MPI 

 acquisition protocol for , 56–57  
 focal areas of , 58  
 immunosuppression therapy , 67  
 interpretation of , 57  
 quantitative interpretation of , 59  

 patient preparation , 41–42  
 protocol , 42–43  
 quantifying methods , 69  
 therapy response , 45–47  

    G 
  Gadolinium , 59  
   Gallium-67 imaging , 40  
   Giant cell myocarditis (GCM) , 97  
   Granulomas 

 corticosteroids , 138  
 endomyocardial biopsy , 138  
 in SAPH , 126  

Index



169

    H 
  Health literacy , 161–162  
   Holter monitoring , 19, 54, 138, 150  
   Hypertension , 136–137  

    I 
  ICD.    See  Implantable cardiac 

defi brillator (ICD) 
   Immunosuppressive (IS) therapy 

 Delphi study , 107  
 electrocardiographic changes , 104–105  
 indication of , 104  
 left ventricular function , 105  
 on survival , 105–106  
 therapy duration , 106–107  

   Implantable cardiac defi brillator (ICD) 
 incidence , 119  
 indications for , 117  
 nested case-control study , 118  
 observational studies , 118  
 recommendations , 114  
 sensed R-waves , 120  
 sudden cardiac death , 113  
 ventricular arrhythmias , 88  

   International Society of Heart Lung 
Transplant , 131  

   Iodine-123-labeled 15-(p-iodophenyl)-3R,
S- methylpentadecanoic acid 
(BMIPP) , 47  

    J 
  Japanese Ministry of Health and Welfare 

(JMHW) criteria , 16, 94, 104  

    L 
  Late gadolinium enhancement (LGE) , 59  
   Lefl unomide , 109  
   Left ventricular (LV) function , 105  
   Left ventricular systolic function (LVEF) , 

115–116  

    M 
  Methotrexate , 106  
   Mobitz type 2 second-degree AV block , 138, 

139  
   MPI.    See  Myocardial perfusion imaging (MPI) 
   Multimodality imaging 

 abnormal screening studies , 54  
 cardiac MRI , 59–60  
 CMR fi rst strategy , 60–63  
 echocardiography , 55–56  

 fundamental data publication , 68–69  
 imaging role in , 52  
 non-invasive imaging , 52  
 nuclear imaging techniques , 56–59  
 patient indication , 53  
 patients with known cardiac 

sarcoidosis , 66  
 prognostic value , 63–66  
 systemic sarcoidosis incidence , 53  
 therapy response , 66–68  

   Mycophenolate mofetil , 107, 109  
   Myocardial perfusion imaging (MPI) 

 FDG PET with 
 acquisition protocol for , 56–57  
 focal areas of , 58  
 immunosuppression therapy , 67  
 interpretation of , 57  
 quantitative interpretation of , 59  

 use of , 40–41  

    N 
  N-13 ammonia , 40, 44  
   New York Heart Association (NYHA) , 106  
   Non-sustained ventricular tachycardia 

(NSVT) , 138, 146  
   Nuclear imaging 

 FDG PET imaging   ( see  18-fl ouro- 
deoxuyglucose positron emission 
tomography (FDG-PET)) 

 F18-FDG , 41  
 Gallium-67 , 40  
 rest MPI , 40–41  

    P 
  PAH.    See  Pulmonary arterial 

hypertension (PAH) 
   Patient-centered care 

 collaborative care , 163  
 defi nition , 161  
 health literacy , 161–162  
 outcomes , 162  
 shared decision-making , 162  

   Positron emission tomography (PET) 
 prognostic value of , 64–65  
 rest MPI , 40  
 SCD risk stratifi cation , 116, 117  

   Prednisone , 107  
    Propionibacterium  , 8  
   Prostacyclin , 131  
   Pulmonary arterial hypertension (PAH) , 125  
   Pulmonary artery pressure waveform , 131  
   Pulmonary hypertension (PH) , 125  
   Pulmonary vasodilators , 130–131  

Index



170

    Q 
  Quality of life , 162  

    R 
  Right ventricular systolic function 

(RVEF) , 115–116  
   Right ventricular systolic pressure 

(RVSP) , 127  
   Rubidium-82 , 40  

    S 
  SAECG.    See  Signal-averaged ECG (SAECG) 
   SAPH.    See  Sarcoidosis-associated pulmonary 

hypertension (SAPH) 
   Sarcoidosis 

 clinical manifestations , 8  
 description , 1  
 differential diagnosis of , 7  
 epidemiology , 1–3  
 etiologies of , 7  
 pathophysiology 

 familial clusters of , 5–6  
 T-cell and T-cell receptor pathology , 6  
 vitamin D receptor polymorphisms , 6  

   Sarcoidosis-associated pulmonary 
hypertension (SAPH) , 125  

 diagnosis , 129  
 electrocardiography , 128, 129  
 epidemiology , 126  
 evaluation , 127–129  
 pathophysiology , 126–127  
 prognosis , 132  
 prostacyclin , 131  
 pulmonary artery pressure , 152–153  
 treatment , 129–132  
 WHO classifi cation system , 126  

   Sarcoidosis Health Questionnaire , 162  
   SCD.    See  Sudden cardiac death (SCD) 
   Screening for cardiac sarcoidosis 

 ambulatory electrocardiographic 
monitoring , 19–20  

 echocardiography , 18–19  

 electrocardiography , 16–17  
 endomyocardial biopsy , 20  
 positive imaging result , 22  
 SAECG , 17–18  
 scoring system , 21  

   Shared decision-making , 162  
   Signal-averaged ECG (SAECG) , 17–18, 84  
   Single-photon emission computed tomography 

(SPECT) imaging , 34–36  
 Gallium-67 , 40  
 rest MPI , 40  

   Sinus node dysfunction , 85  
   Standard Uptake Values (SUV) , 67–68  
   Steroid sparing agents , 97, 98, 109  
   ST-T wave abnormalities , 140, 141  
   Sudden cardiac death (SCD) , 113  

 implantable cardiac defi brillator , 113  
 incidence , 119  
 indications for , 117  
 nested case-control study , 118  
 observational studies , 118  
 recommendations , 114  
 sensed R-waves , 120  

 risk stratifi cation , 114–117  
 with cardiac imaging , 116  
 electrophysiologic testing , 117  
 LV/RV systolic function , 115–116  

   Supraventricular arrhythmias , 85–86  

    T 
  Team approach, sarcoidosis , 163  
   Technetium-99m , 40  
   Technetium (99mTc) sestamibi , 34–36  

    V 
  Ventricular arrhythmias 

 anti-arrhythmic drugs , 88–89  
 corticosteroids , 88–89  
 granuloma infi ltration , 88  
 pleomorphic ventricular tachycardia , 88  

   Ventricular tachycardia , 98–99  
   Vitamin D receptor polymorphisms , 6         

Index


	Preface
	Introduction: Overview of Cardiac Sarcoidosis
	References

	Contents
	Contributors
	Chapter 1: High Yield Epidemiology
	Sarcoidosis Epidemiology
	Cardiac Sarcoidosis
	References

	Chapter 2: Pathophysiology: From Genetics to Viruses and More
	The Complicated Origins of Sarcoidosis
	References

	Chapter 3: Clinical Presentations
	References

	Chapter 4: Standard Screening for Cardiac Sarcoidosis
	Screening
	Electrocardiography
	Signal-Averaged ECG
	Echocardiography
	Ambulatory Electrocardiographic Monitoring
	A Word About Endomyocardial Biopsy
	Putting It All Together
	References

	Chapter 5: Diagnosis II: Imaging of Cardiac Sarcoidosis with Cardiac MRI, PET and SPECT
	Role of Cardiac MRI in the Diagnosis of Cardiac Sarcoidosis
	 Cardiac MRI Techniques
	 Cardiac MRI Imaging Features
	Imaging Features and Patterns of Disease
	Post-inflammatory Scarring
	Acute Inflammation
	Wall Motion Abnormality
	Associated Features

	Differential Diagnosis for Myocardial DHE
	Extracardiac Findings of Sarcoidosis
	Limitations of Cardiac MRI in the Diagnosis of Cardiac Sarcoidosis

	 PET/CT for the Evaluation of Cardiac Sarcoidosis
	 Nuclear Medicine Myocardial SPECT Imaging for the Evaluation of Cardiac Sarcoidosis
	Correlation Between Imaging Modalities
	Conclusion
	References

	Chapter 6: Nuclear Imaging (SPECT and PET) in Cardiac Sarcoidosis
	Introduction
	Gallium-67 Imaging for Cardiac Sarcoidosis
	Rest Myocardial Perfusion Imaging
	Inflammation Imaging Using F18-Flurodeoxyglucose
	The Logistics of Performing FDG PET Imaging
	Patient Preparation
	Imaging Protocol
	Image Interpretation
	Response to Therapy

	 Future Radiotracers for Imaging Cardiac Sarcoidosis
	References

	Chapter 7: Multimodality Imaging of Cardiac Sarcoidosis
	Introduction
	When Is Advanced Multimodality Imaging Needed in a Patient with Suspected Cardiac Sarcoidosis?
	Role of Multimodality Imaging in the Diagnosis of Cardiac Sarcoidosis
	Echocardiography
	Nuclear Imaging Techniques
	Cardiac MRI

	Selecting the Right Test
	Role of Multimodality Imaging in Establishing Prognosis of Cardiac Sarcoidosis
	The Role of Imaging in Patients with Known Cardiac Sarcoidosis
	Use of Multimodality Imaging to Assess Response to Therapy

	Future Directions and Important Unanswered Questions
	References

	Chapter 8: Invasive Procedures and Endomyocardial Biopsy
	Cardiac Catheterization
	Electrophysiology Study
	Endomyocardial Biopsy: A Limited Gold Standard
	High Specificity, But Low Sensitivity
	AHA/ACCF/ESC Joint Statement
	Image-Guided Biopsy
	Electroanatomical Mapping-Guided Biopsy

	Conclusions
	References

	Chapter 9: Management of Arrhythmias Related to Cardiac Sarcoidosis
	Introduction
	Conduction System Disease
	Bundle Branch Block
	 Other Asymptomatic Electrocardiographic Findings
	 Atrioventricular Block
	 Sinus Node Dysfunction

	 Atrial Arrhythmias
	 Ventricular Arrhythmias
	Anti-arrhythmic Drugs for Ventricular Arrhythmias
	Catheter Ablation of Ventricular Arrhythmias

	 Conclusion
	References

	Chapter 10: Acute Management of Cardiac Sarcoidosis
	Introduction
	 When to Suspect Cardiac Sarcoidosis
	Cardiac Manifestations in Patients with Known Systemic Sarcoidosis
	Cardiac Manifestations in Patents with Hitherto Unknown Systemic Sarcoidosis
	Cardiac Manifestations in Patients with Isolated Cardiac Sarcoidosis
	 Acute Evaluations for Cardiac Sarcoidosis

	 Acute Medical Management of Cardiac Sarcoidosis
	 Scenarios Where Corticosteroids May Be Useful in the Acute Management of Cardiac Sarcoidosis
	Atrioventricular Block
	 Ventricular Tachycardia
	 Worsening Systolic Function

	References

	Chapter 11: Immunosuppressive Management of Cardiac Sarcoidosis
	Introduction
	Indication of Immunosuppressive Therapy
	Impact of IS Therapy on Electrocardiographic Changes
	Impact of IS Therapy on Left Ventricular Function
	Impact of IS Therapy on Survival
	Choice of Agent and Duration of Therapy
	Expert Consensus
	Summary
	References

	Chapter 12: Management of Sudden Death Risk Related to Cardiac Sarcoidosis
	Introduction
	Risk Stratification
	Sudden Death Risk Stratification by LV and RV Systolic Function
	 Sudden Death Risk Stratification with Cardiac Imaging
	Sudden Death Risk Stratification with Electrophysiologic Testing

	Indications for Implantable Cardiac Defibrillator Therapy
	Studies of ICD Therapies in CS
	Special Considerations for Post-implant ICD Management in Patients with Cardiac Sarcoidosis
	Conclusion
	References

	Chapter 13: Sarcoidosis-Associated Pulmonary Hypertension
	Introduction
	Epidemiology
	Pathophysiology
	Evaluation
	Diagnosis
	Treatment
	Pulmonary Vasodilators
	Transplant

	Prognosis
	Conclusion
	References

	Chapter 14: Cases in Cardiac Sarcoidosis
	Cardiac Sarcoidosis Clinical Vignette #1
	Cardiac Sarcoidosis Clinical Vignette #2
	Cardiac Sarcoidosis Clinical Vignette #3
	Interesting Points

	Cardiac Sarcoidosis Clinical Vignette #4
	Interesting Points

	Cardiac Sarcoidosis Clinical Vignette #5
	Interesting Points

	Cardiac Sarcoidosis Clinical Vignette #6
	Interesting Points

	Cardiac Sarcoidosis Clinical Vignette #7
	Interesting Points

	Cardiac Sarcoidosis Hypertension Clinical Vignette #8
	Interesting Points

	 Cardiac Sarcoidosis Clinical Vignette #9
	Interesting Points

	 Cardiac Sarcoidosis Clinical Vignette #10
	Interesting Points

	References

	Chapter 15: Patient-Centered Care for Sarcoidosis
	Patient-Centered Care
	Health Literacy
	Shared Decision-Making
	Patient-Centered Outcomes
	Collaborative Care: The Sarcoidosis Team Approach
	References

	Sarcoidosis Resources for Patients and Caregivers
	Index

