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Abstract: Objectives: Sarcoidosis is a multisystem granulomatous disorder, with pulmonary sarcoidosis (PS) af-
fecting approximately 90% of patients and cardiac sarcoidosis (CS) being less common but associated with severe 
clinical implications. While PS is primarily characterized by respiratory symptoms, CS can lead to serious complica-
tions like heart failure and arrhythmias, contributing to sarcoidosis-related mortality. This study aims to compare 
the prevalence, in-hospital mortality, 30-day readmission rates, and healthcare costs between PS and CS patients 
using data from the Nationwide Readmissions Database (NRD). Methods: Data were extracted from the NRD for 
adult patients diagnosed with PS or CS from January 2016 to December 2020. Baseline demographics, comorbidi-
ties, in-hospital outcomes, and 30-day readmission rates were analyzed. Statistical comparisons were made using 
appropriate tests for categorical and continuous variables. Results: Among 101,365 patients, 96,905 had PS and 
4,460 had CS. CS patients experienced significantly higher rates of cardiovascular complications, such as heart 
failure (77.1% vs. 31.1%) and arrhythmias (75.8% vs. 27.7%), and incurred higher hospital charges ($59,520 vs. 
$40,249; P < 0.001). In-hospital mortality was similar between groups (CS: 2.4% vs. PS: 2.8%; P = 0.090). The 30-
day readmission rate was comparable (CS: 12.9% vs. PS: 11.9%; P = 0.400), but PS patients were more likely to be 
readmitted for respiratory complications, while CS patients were readmitted primarily for heart failure. Conclusions: 
This study underscores the distinct clinical profiles of PS and CS. Although CS is less prevalent, it is associated with 
a higher cardiovascular burden and healthcare costs. Both groups exhibited similar mortality and readmission rates, 
though their readmission causes differed. These findings highlight the need for targeted management strategies for 
PS and CS to optimize patient outcomes and resource utilization.
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Introduction

Sarcoidosis is a complex multisystem granulo-
matous disorder characterized by diverse or- 
gan involvement, with pulmonary manifesta-
tions occurring in the majority of patients (90%) 
[1, 2]. Pulmonary sarcoidosis (PS), involving the 
lungs and intrathoracic lymph nodes, typically 
presents with symptoms such as cough and 
dyspnea [1, 2]. Radiographic findings com- 
monly include bilateral hilar lymphadenopathy, 
parenchymal infiltrates, and fibrosis [3-5]. In 

the United States, the estimated mortality from 
PS is 2.8 per million, with advanced pulmonary 
fibrosis being the leading cause of death [6, 7].

Cardiac sarcoidosis (CS), though less common, 
poses significant clinical challenges due to 
complications such as atrioventricular block, 
heart failure, ventricular arrhythmias, and sud-
den cardiac death [8, 9]. While only 3-10% of 
sarcoidosis patients exhibit clinical manifesta-
tions of CS, autopsy studies suggest a preva-
lence of up to 30% in confirmed sarcoidosis 
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cases [10-13]. Despite its rarity, CS accounts 
for at least 25% of sarcoidosis-related deaths 
in the United States [14].

The diagnosis of CS is difficult as there are no 
standardized guidelines. The current diagnostic 
approach is based on recommendations from 
the Heart Rhythm Society (HRS) and Japanese 
Circulation Society (JCS). The 2014 HRS crite- 
ria recommends histological confirmation via 
endomyocardial biopsy with proven extra-cardi-
ac sarcoid or a clinical diagnosis based on evi-
dence of definite extra-cardiac sarcoid plus  
cardiac involvement [15]. Similarly, the 2016 
JCS guidelines emphasize these diagnostic 
approaches [16]. Advances in imaging modali-
ties including cardiac MRI with gadolinium and 
cardiac PET FDG are being studied for the use 
of diagnosing sarcoidosis and are incorporated 
in the diagnostic recommendations from the 
American Heart Association (AHA) [17-19].

PS and CS are both systemic manifestations of 
sarcoidosis. Although CS has a lower preva-
lence than PS, cardiac involvement, such as 
ventricular arrhythmias and sudden cardiac 
death, is known to significantly impact the  
mortality and morbidity of sarcoidosis [15]. 
Comparative data on hospitalized PS versus  
CS patients remain limited. This study aims to 
address this gap by evaluating the prevalence, 
in-hospital mortality, and readmission rates 
between these groups using the National 
Readmission Database (NRD).

Methods

Data source

Data for this study were sourced from the NRD 
covering the period from January 1, 2016, to 
December 31, 2020. The NRD, part of the 
Healthcare Cost and Utilization Project and 
funded by the Agency for Healthcare Research 
and Quality, provides a comprehensive dataset 
on in-hospital stays and readmissions across 
31 U.S. states, representing 62.2% of the U.S. 
resident population and 60.8% of all hospital-
izations nationwide. Each patient in the NRD is 
assigned a unique, de-identified identifier to 
track readmissions within the same calendar 
year across different hospitals. The NRD com-
prises de-identified data, pre-approved by an 
ethics committee, thus individual informed 
consent was not required for this study.

Study population

Our inclusion criteria consisted of patients  
over 18 years of age with either a primary or 
secondary diagnosis of pulmonary sarcoidosis 
(ICD-10 codes: D860, D862) or cardiac sarcoid-
osis (ICD-10 code: D8685) using the Interna- 
tional Classification of Diseases, Tenth Revision 
(ICD-10) codes. As the NRD does not provide 
detailed clinical variables, exclusion criteria 
were limited to cases with missing essential 
demographic or outcome data.

Study outcomes

The study aimed to assess the prevalence, in-
hospital mortality, and 30-day readmission 
rates among patients admitted with CS com-
pared to PS. Prevalence was determined as the 
proportion of patients diagnosed with CS or PS 
within the total hospitalized cohort. In-hospital 
mortality was defined as death occurring during 
the index hospitalization, while 30-day read-
mission was identified based on subsequent 
hospital admissions within 30 days of dis-
charge from the index hospitalization

Statistical analysis

Categorical variables were reported as frequen-
cies and percentages, while continuous vari-
ables, such as age, length of stay, and total 
charges, were summarized as mean ± standard 
deviation (SD) or median with interquartile 
range, as appropriate. Comparisons of con- 
tinuous variables were conducted using the 
Student’s t-test, one-way analysis of variance 
(ANOVA), or Wilcoxon rank-sum (Mann-Whit- 
ney) test, based on the distribution of data. 
Categorical variables were analyzed using the 
Mantel-Haenszel chi-square or Fisher’s exact 
test, as appropriate. For 30-day readmission 
rate calculations, we excluded patients being 
discharged in December and those readmitted 
electively. To identify predictors of in-hospital 
mortality, we first conducted univariate logistic 
regression for all relevant clinical and demo-
graphic variables. Variables with a p-value < 
0.05 in the univariate analysis were included  
in a multivariable logistic regression model 
using forward selection. Variables were se- 
quentially added based on statistical signifi-
cance (P < 0.05) and clinical relevance to de- 
rive the final model. All analyses were per-
formed on unweighted samples using Stata 
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group (2.8%), but this difference was not statis-
tically significant (P = 0.090). Acute kidney inju-
ry (AKI) was significantly more common in the 
CS group (32.3%) than in the PS group (25.2%) 
(P < 0.001).

The 30-day readmission rate was similar be- 
tween the two groups, with 12.9% in the CS 
group and 11.9% in the PS group (P = 0.400), 
indicating no statistically significant difference 
in readmissions.

Length of stay (LOS) was slightly longer in the 
CS group, with a median of 4 days (IQR 2-8) 
compared to 4 days (IQR 2-7) in the PS group, 
and this difference was statistically significant 
(P < 0.001). Additionally, the total hospital char- 
ges were significantly higher for CS patients, 
with a median of $59,520 (IQR $24,654-
$142,634), compared to $40,249 (IQR 
$21,651-$78,035) in the PS group (P < 0.001) 
(Table 2).

Predictors of mortality

In patients with PS, several factors were associ-
ated with an increased risk of mortality. These 
included advancing age (aOR 1.02, 95% CI 
1.02-1.03, P < 0.001), the presence of conges-
tive heart failure (aOR 2.03, 95% CI 1.74-2.38, 
P < 0.001), cardiac arrhythmias (aOR 1.82, 
95% CI 1.60-2.07, P < 0.001), complicated dia-
betes (aOR 1.21, 95% CI 1.05-1.39, P = 0.007), 
coagulopathy (aOR 3.22, 95% CI 2.76-3.76, P < 
0.001), and weight loss (aOR 3.23, 95% CI 
2.78-3.75, P < 0.001). In the CS group, factors 
significantly associated with increased mortali-
ty risk included age (aOR 1.03, 95% CI 1.00-
1.07, P = 0.045), hypertension (aOR 2.21, 95% 
CI 1.00-4.90, P = 0.05), lymphoma (aOR 4.76, 
95% CI 1.21-18.75, P = 0.026), coagulopathy 
(aOR 3.33, 95% CI 1.78-6.22, P < 0.001), and 
weight loss (aOR 2.91, 95% CI 1.28-6.61, P = 
0.011) (Table 3).

30-day readmission

This Kaplan-Meier survival curve (Figure 1) rep-
resents 30-day readmission rates for patients 
with PS (blue line) and CS (red line). The curve 
shows that patients with PS experience a high-
er cumulative incidence of 30-day readmis-
sions compared to those with CS. The hazard 
ratio (HR) for readmission between the two 
groups is 1.86 (95% CI 1.37-2.53, P < 0.001), 

Corp. 2023 (Stata Statistical Software: Release 
18, College Station, TX: StataCorp LLC).

Results

A total of 101,365 patients were analyzed, 
comprising 96,905 patients with lung sar- 
coidosis and 4,460 with CS. Patients with PS 
were slightly older (median age 62 years, inter-
quartile range (IQR) 52-70) compared to those 
with CS (58 years, IQR 50-66; P < 0.001). 
Female predominance was observed in PS 
(59.6%) but not in CS (40.3%; P < 0.001).

Cardiovascular complications were substan- 
tially more prevalent in CS patients. Congestive 
heart failure (77.1% vs. 31.1%; P < 0.001) and 
cardiac arrhythmias (75.8% vs. 27.7%; P < 
0.001) were markedly more common in CS. 
Similarly, valvular disease (17.7% vs. 9.9%; P < 
0.001), peripheral vascular disorders (43.6% 
vs. 8.0%; P < 0.001), and hypertension (52.8% 
vs. 35.6%; P < 0.001) occurred more frequently 
in CS patients.

Among metabolic conditions, obesity was more 
common in PS (27.5% vs. 24.3%; P < 0.001). 
Uncomplicated diabetes was more prevalent  
in PS (14.8% vs. 11.1%; P < 0.001), while com-
plicated diabetes showed similar rates between 
groups (lung: 24.0% vs. cardiac: 21.0%; P < 
0.001).

Malignancies were generally more prevalent in 
PS, including lymphoma (1.5% vs. 1.0%; P < 
0.001), metastatic cancer (2.2% vs. 0.6%; P < 
0.001), and solid tumors without metastasis 
(4.8% vs. 2.2%; P < 0.001). Coagulopathy was 
more frequent in CS (11.3% vs. 7.8%; P < 
0.001), while depression was more common in 
PS (15.9% vs. 13.0%; P < 0.001). Alcohol abuse 
(3.4% vs. 2.9%; P = 0.260) and psychoses 
(1.4% vs. 1.1%; P = 0.240) showed no signifi-
cant differences between groups.

The overall burden of comorbidities, as mea-
sured by the Elixhauser Comorbidity Index, was 
higher in CS patients (median 5, IQR 4-7) com-
pared to PS patients (median 4, IQR 3-6; P < 
0.001) (Table 1).

Outcomes

The in-hospital mortality rate was slightly lower 
in the CS group (2.4%) compared to the PS 
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Table 1. Baseline characteristics of study population
Characteristic Pulmonary Sarcoid (n = 96,905) Cardiac Sarcoid (n = 4,460) p-value
Age (IQR), years 62 (52-70) 58 (50-66) 0.000
Female (%) 59.6 40.3 0.000
Congestive heart failure (%) 31.1 77.1 0.000
Cardiac arrhythmias (%) 27.7 75.8 0.000
Valvular disease (%) 9.9 17.7 0.000
Peripheral vascular disorders (%) 8.0 43.6 0.000
Hypertension (%) 35.6 52.8 0.000
Uncomplicated diabetes (%) 14.8 11.1 0.000
Complicated diabetes (%) 24.0 21.0 0.000
Hypothyroidism (%) 13.9 13.6 0.000
Lymphoma (%) 1.5 1.0 0.000
Metastatic cancer (%) 2.2 0.6 0.000
Solid tumor without metastasis (%) 4.8 2.2 0.000
Coagulopathy (%) 7.8 11.3 0.000
Obesity (%) 27.5 24.3 0.000
Weight loss (%) 7.4 4.8 0.000
Blood loss anemia (%) 0.8 0.6 0.280
Deficiency anemia (%) 6.0 4.8 0.020
Alcohol abuse (%) 3.4 2.9 0.260
Drug abuse (%) 4.7 3.2 0.000
Psychoses (%) 1.4 1.1 0.240
Depression (%) 15.9 13.0 0.000
Elixhauser comorbidity score (IQR) 4 (3-6) 5 (4-7) 0.000

Table 2. Outcome measures
Outcome Measure Pulmonary Sarcoid (n = 96,905) Cardiac Sarcoid (n = 4,460) p-value
Death 2.80% 2.40% 0.090
AKI 25.20% 32.30% 0.000
30-day Readmission 11.90% 12.90% 0.400
LOS (IQR), days 4 (2-7) 4 (2-8) 0.000
Total Charge (IQR), dollars 40249 (21,651-78,035) 59520 (24,654-142,634) 0.000

indicating that patients with PS have an 86% 
higher risk of being readmitted within 30 days 
than those with CS. The p-value (P < 0.001) sig-
nifies that this difference is statistically signifi-
cant, suggesting that PS may be associated 
with an increased likelihood of readmission 
within 30 days compared to CS in this cohort.

The most common causes of 30-day readmis-
sion in CS were heart failure exacerbation 
(55.62%), sepsis (11.99%), and cardiac implant-
able electronic device complications (2.74%). 
Amongst patients with PS, the most common 
causes of readmission were sepsis (15.46%), 
heart failure exacerbation (7.13%), and acute 
on chronic respiratory failure with hypoxia 
(5.44%).

Discussion

Our study revealed compelling insights into the 
differences between CS and PS. Despite the 
significantly lower prevalence of CS (6.3% vs. 
93.7% for PS), both groups demonstrated com-
parable in-hospital mortality and 30-day read-
mission rates. Additionally, notable differences 
were observed in predictors of mortality and 
healthcare costs.

The comparable mortality rates between CS 
and PS, despite their vastly different preva-
lence, can be attributed to the severe patholo-
gy and life-threatening manifestations of CS. 
CS predominantly affects the left ventricle and 
interventricular septum, leading to significant 
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Table 3. Predictors of mortality

Predictors of Mortality Pulmonary Sarcoid  
(aOR, 95% CI, p-value)

Cardiac Sarcoid  
(aOR, 95% CI, p-value)

Age 1.02 (1.02-1.03), P < 0.001 1.03 (1.00-1.07), P = 0.045
Congestive Heart Failure 2.03 (1.74-2.38), P < 0.001 2.81 (0.79-9.96), P = 0.109
Cardiac Arrhythmias 1.82 (1.60-2.07), P < 0.001 0.9 (0.46-1.77), P = 0.769
Complicated Diabetes 1.21 (1.05-1.39), P = 0.007 1.71 (0.91-3.22), P = 0.096
Coagulopathy 3.22 (2.76-3.76), P < 0.001 3.33 (1.78-6.22), P < 0.001
Weight Loss 3.23 (2.78-3.75), P < 0.001 2.91 (1.28-6.61), P = 0.011
Hypertension 0.94 (0.80-1.10), P < 0.045 2.21 (1.00-4.90), P = 0.05
Lymphoma 1.15 (0.72-1.83), P = 0.552 4.76 (1.21-18.75), P = 0.026

Figure 1. Kaplan-Meier survival estimates. 30-day readmission rates for pa-
tients with pulmonary sarcoidosis (blue line) and cardiac sarcoidosis (red 
line).

structural and conduction system complica-
tions [4]. High-grade atrioventricular blocks are 
often initial symptoms, with ventricular arrhyth-
mias accounting for most fatalities [9, 15]. 
These findings align with previous research 
demonstrating a high cardiac burden in CS 
patients, particularly due to arrhythmias and 
heart failure [20-23].

Predictors of mortality differed between 
groups. In PS, significant factors included age, 
heart failure, arrhythmias, coagulopathy, and wei- 
ght loss. For CS, mortality predictors were age, 
hypertension, lymphoma, coagulopathy, and 
weight loss. Interestingly, PS patients exhibited 
more cardiac complications, such as heart fail-
ure and arrhythmias, contributing to mortality 
compared to CS. This may reflect clinically undi-
agnosed or misdiagnosed cardiac involvement 
in PS patients. Supporting this, a Finnish 
nationwide registry reported that two-thirds of 
sarcoidosis-related deaths were due to undiag-

Readmission patterns differed significantly 
between groups. CS patients were predomi-
nantly readmitted for heart failure (55.62%), 
sepsis (11.99%), and cardiac implantable 
device complications (2.72%). Conversely, PS 
patients’ primary readmission causes included 
sepsis (15.46%), heart failure (7.13%), and 
respiratory complications (5.44%). The higher 
rate of congestive heart failure in CS patients 
(77.8% vs. 31.1%, P < 0.001) underscores the 
burden of heart failure as a primary manifesta-
tion and prognostic predictor in CS [15].

The high readmission rate for heart failure in 
CS highlights concerns about the adequacy of 
current diagnostic and treatment guidelines. 
Studies have noted discordance among diag-
nostic criteria, leaving many clinically suspect-
ed CS cases unclassified [24]. Treatment for CS 
often extrapolates from general heart failure 
guidelines [25], but outcomes remain poor. For 
instance, CS patients with heart failure have a 

nosed or misdiagnosed cardi-
ac involvement [9].

Although overall 30-day read-
mission rates were compara-
ble, PS patients had a higher 
cumulative incidence of read-
missions (HR 1.86; 95% CI 
1.37-2.53, P < 0.001). This is 
likely driven by progressive 
lung fibrosis and recurrent re- 
spiratory complications. Addi- 
tionally, chronic immunosup-
pressive therapy in PS pa- 
tients, particularly those with 
advanced fibrosis, may increa- 
se susceptibility to severe 
infections [4].
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10-year transplant-free survival rate of only 
53%, compared to 83% in the general cohort 
[8]. Approximately 15% of CS patients progress 
to end-stage heart failure requiring advanced 
therapies such as ventricular assist devices or 
heart transplantation [26, 27].

The financial burden of CS is substantial, with 
hospital costs averaging $20,000 higher than 
for PS patients. CS patients also had a longer 
median length of stay (4 days [IQR 2-8] vs. 4 
days [IQR 2-7] for PS; P < 0.001). This disparity 
likely reflects the higher acuity of illness, need 
for critical care, and involvement of multiple 
specialties. Prior studies have linked cardiac 
complications, particularly arrhythmias, with 
increased healthcare costs in sarcoidosis pa- 
tients [28].

This study has several limitations inherent to 
the NRD. The reliance on ICD-10 coding intro-
duces the potential for coding errors and vari-
ability across institutions. The NRD is restricted 
to inpatient encounters within a single calendar 
year and state, limiting the ability to track  
cross-state readmissions or long-term out-
comes. Additionally, the database lacks clinical 
details such as disease severity, laboratory val-
ues, medication adherence, and outpatient 
care data. Cost data reflect charges rather  
than actual costs, and institutional variation in 
charging practices may affect comparisons. 
These factors should be considered when inter-
preting the results.

Conclusion

Our study highlights key differences between 
PS and CS in hospitalized patients. While CS, 
though less prevalent, incurred higher cardio-
vascular complications and healthcare costs, 
both groups had similar mortality and 30-day 
readmission rates. PS patients were more likely 
to be readmitted for respiratory issues, where-
as heart failure drove readmissions in CS. 
These findings emphasize the need for condi-
tion-specific management strategies.

Disclosure of conflict of interest

None.

Abbreviations

PS, Pulmonary Sarcoidosis; CS, Cardiac Sar- 
coidosis; NRD, National Readmission Database; 

HRS, Heart Rhythm Society; JCS, Japanese 
Circulation Society; AHA, American Heart 
Association; SD, Standard Deviation; AKI, Acute 
Kidney Injury; LOS, Length of Stay; HR, Hazard 
Ratio.

Address correspondence to: Dr. Chien-Jung Lin, 
Division of Cardiology, Saint Louis University School 
of Medicine, 1008 S Spring Avenue, St. Louis,  
MO 63110, USA. E-mail: chien-jung.lin@slucare.
ssmhealth.com

References

[1]	 Sève P, Pacheco Y, Durupt F, Jamilloux Y, Ger-
faud-Valentin M, Isaac S, Boussel L, Calender 
A, Androdias G, Valeyre D and El Jammal T. Sar-
coidosis: a clinical overview from symptoms to 
diagnosis. Cells 2021; 10: 766.

[2]	 Rossides M, Darlington P, Kullberg S and Arke-
ma EV. Sarcoidosis: epidemiology and clinical 
insights. J Intern Med 2023; 293: 668-680.

[3]	 Belperio JA, Shaikh F, Abtin FG, Fishbein MC, 
Weigt SS, Saggar R and Lynch JP 3rd. Diagno-
sis and treatment of pulmonary sarcoidosis: a 
review. JAMA 2022; 327: 856-867.

[4]	 Trivieri MG, Spagnolo P, Birnie D, Liu P, Drake 
W, Kovacic JC, Baughman R, Fayad ZA and Jud-
son MA. Challenges in cardiac and pulmonary 
sarcoidosis: JACC state-of-the-art review. J Am 
Coll Cardiol 2020; 76: 1878-1901.

[5]	 Thillai M, Atkins CP, Crawshaw A, Hart SP, Ho 
LP, Kouranos V, Patterson K, Screaton NJ, 
Whight J and Wells AU. BTS Clinical Statement 
on pulmonary sarcoidosis. Thorax 2021; 76: 
4-20.

[6]	 Mirsaeidi M, Machado RF, Schraufnagel D, 
Sweiss NJ and Baughman RP. Racial differ-
ence in sarcoidosis mortality in the United 
States. Chest 2015; 147: 438-449.

[7]	 Kirkil G, Lower EE and Baughman RP. Predic-
tors of mortality in pulmonary sarcoidosis. 
Chest 2018; 153: 105-113.

[8]	 Kandolin R, Lehtonen J, Airaksinen J, Vihinen 
T, Miettinen H, Ylitalo K, Kaikkonen K, Tuohin-
en S, Haataja P, Kerola T, Kokkonen J, Pel-
konen M, Pietilä-Effati P, Utrianen S and Kupari 
M. Cardiac sarcoidosis: epidemiology, charac-
teristics, and outcome over 25 years in a na-
tionwide study. Circulation 2015; 131: 624-
632.

[9]	 Ekström K, Lehtonen J, Nordenswan HK, 
Mäyränpää MI, Räisänen-Sokolowski A, Kan-
dolin R, Simonen P, Pietilä-Effati P, Alatalo A, 
Utriainen S, Rissanen TT, Haataja P, Kokkonen 
J, Vihinen T, Miettinen H, Kaikkonen K, Kerola 
T and Kupari M. Sudden death in cardiac sar-
coidosis: an analysis of nationwide clinical and 
cause-of-death registries. Eur Heart J 2019; 
40: 3121-3128.

mailto:chien-jung.lin@slucare.ssmhealth.com
mailto:chien-jung.lin@slucare.ssmhealth.com


Outcomes in pulmonary vs. cardiac sarcoidosis patients

155	 Am J Cardiovasc Dis 2025;15(2):149-155

[10]	 Markatis E, Afthinos A, Antonakis E and Papa-
nikolaou IC. Cardiac sarcoidosis: diagnosis 
and management. Rev Cardiovasc Med 2020; 
21: 321-338.

[11]	 Patel MR, Cawley PJ, Heitner JF, Klem I, Parker 
MA, Jaroudi WA, Meine TJ, White JB, Elliott MD, 
Kim HW, Judd RM and Kim RJ. Detection of 
myocardial damage in patients with sarcoid-
osis. Circulation 2009; 120: 1969-1977.

[12]	 Silverman KJ, Hutchins GM and Bulkley BH. 
Cardiac sarcoid: a clinicopathologic study of 
84 unselected patients with systemic sarcoid-
osis. Circulation 1978; 58: 1204-1211.

[13]	 Longcope WT and Freiman DG. A study of sar-
coidosis; based on a combined investigation of 
160 cases including 30 autopsies from The 
Johns Hopkins Hospital and Massachusetts 
General Hospital. Medicine (Baltimore) 1952; 
31: 1-132.

[14]	 Swigris JJ, Olson AL, Huie TJ, Fernandez-Perez 
ER, Solomon J, Sprunger D and Brown KK. 
Sarcoidosis-related mortality in the United 
States from 1988 to 2007. Am J Respir Crit 
Care Med 2011; 183: 1524-1530.

[15]	 Birnie DH, Kandolin R, Nery PB and Kupari M. 
Cardiac manifestations of sarcoidosis: diagno-
sis and management. Eur Heart J 2016; 38: 
2663-2670.

[16]	 Terasaki F, Azuma A, Anzai T, Ishizaka N, Ishida 
Y, Isobe M, Inomata T, Ishibashi-Ueda H, Eishi 
Y, Kitakaze M, Kusano K, Sakata Y, Shijubo N, 
Tsuchida A, Tsutsui H, Nakajima T, Nakatani S, 
Horii T, Yazaki Y, Yamaguchi E, Yamaguchi T, 
Ide T, Okamura H, Kato Y, Goya M, Sakakibara 
M, Soejima K, Nagai T, Nakamura H, Noda T, 
Hasegawa T, Morita H, Ohe T, Kihara Y, Saito Y, 
Sugiyama Y, Morimoto SI and Yamashina A; 
Japanese Circulation Society Joint Working 
Group. JCS 2016 Guideline on diagnosis and 
treatment of cardiac sarcoidosis - digest ver-
sion. Circ J 2019; 83: 2329-2388.

[17]	 Cheng RK, Kittleson MM, Beavers CJ, Birnie 
DH, Blankstein R, Bravo PE, Gilotra NA, Judson 
MA, Patton KK and Rose-Bovino L; American 
Heart Association Heart Failure and Transplan-
tation Committee of the Council on Clinical 
Cardiology, and Council on Cardiovascular and 
Stroke Nursing. Diagnosis and management of 
cardiac sarcoidosis: a scientific statement 
from the American Heart Association. Circula-
tion 2024; 149: e1197-e1216.

[18]	 Rojulpote C, Bhattaru A, Jean C, Adams SL, Pa-
tel V, Vidula MK, Selvaraj S, Dubroff J, Peyster 
E, Clancy CB, Patterson K, Marchlinski FE, 
Rossman M, Goldberg L and Bravo PE. Effect 
of immunosuppressive therapy and biopsy sta-
tus in monitoring therapy response in suspect-
ed cardiac sarcoidosis. JACC Cardiovasc Imag-
ing 2022; 15: 1944-1955.

[19]	 Rojulpote C, Bhattaru A, Patil S, Vidula MK, 
Peyster EG, Frankel DS, Nazarian S, Litt HI, 
Goldberg LR, Marchlinski FE and Bravo PE. Ab-
stract 11404: phenotyping cardiac sarcoidosis 
with PET/MR: imaging characteristics, treat-
ment response, and outcomes of isolated car-
diac sarcoidosis versus extra-cardiac sarcoid-
osis with cardiac involvement. Circulation 
2022; 146: A11404.

[20]	 Ungprasert P, Crowson CS and Matteson EL. 
Risk of cardiovascular disease among patients 
with sarcoidosis: a population-based retro-
spective cohort study, 1976-2013. Eur Respir J 
2017; 49: 1601290.

[21]	 Yafasova A, Fosbol EL, Schou M, Gustafsson F, 
Rossing K, Bundgaard H, Lauridsen MD, Kris-
tensen SL, Torp-Pedersen C, Gislason GH, Ko-
ber L and Butt JH. Long-term adverse cardiac 
outcomes in patients with sarcoidosis. J Am 
Coll Cardiol 2020; 76: 767-777.

[22]	 Rojulpote C, Gonuguntla K, Patil S, Karam-
belkar P, Gade A and Bhattaru A. Predictors of 
in-hospital mortality in patients with sarcoid-
osis with cardiomyopathy. Chest 2020; 158: 
A125.

[23]	 Gonuguntla K, Patil SP, Rojulpote C, Borja ZE 
and Bravo PE. Sarcoid heart disease: rates of 
arrhythmias, implantable cardiac devices and 
endomyocardial biopsy. Eur Heart J 2020; 41.

[24]	 Ribeiro Neto ML, Jellis C, Hachamovitch R, 
Wimer A, Highland KB, Sahoo D, Khabbaza JE, 
Pande A, Bindra A, Southern BD, Parambil JG, 
Callahan TD, Joyce E and Culver DA. Perfor-
mance of diagnostic criteria in patients clini-
cally judged to have cardiac sarcoidosis: is it 
time to regroup? Am Heart J 2020; 223: 106-
109.

[25]	 Gilotra NA, Griffin JM, Pavlovic N, Houston BA, 
Chasler J, Goetz C, Chrispin J, Sharp M, Kasper 
EK, Chen ES, Blankstein R, Cooper LT, Joyce E 
and Sheikh FH. Sarcoidosis-related cardiomy-
opathy: current knowledge, challenges, and 
future perspectives state-of-the-art review. J 
Card Fail 2022; 28: 113-132.

[26]	 Fussner LA, Karlstedt E, Hodge DO, Fine NM, 
Kalra S, Carmona EM, Utz JP, Isaac DL and 
Cooper LT. Management and outcomes of car-
diac sarcoidosis: a 20-year experience in two 
tertiary care centres. Eur J Heart Fail 2018; 
20: 1713-1720.

[27]	 Velikanova D, Poyhonen P, Lehtonen J, Sim-
onen P, Uusitalo V, Vihinen T, Kaikkonen K, 
Haataja P, Kerola T, Rissanen TT, Vepsalainen 
V, Alatalo A, Pietila-Effati P and Kupari M. End-
stage heart failure in cardiac sarcoidosis. Cir-
culation 2024; 149: 885-887.

[28]	 Rice JB, White A, Lopez A and Nelson WW. 
High-cost sarcoidosis patients in the United 
States: patient characteristics and patterns of 
health care resource utilization. J Manag Care 
Spec Pharm 2017; 23: 1261-1269.


