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Background: Cardiac involvement in the sarcoidosis is known to ensue with diverse clinical forms and 
its investigation is challenging at times. This article features the under-perceived burden, patterns, and 
outcomes of different arrhythmias, which may have a prognostic significance in patients with sarcoidosis.
Methods: We queried the National Inpatient Sample (NIS) for 2010–2014 to recognize sarcoidosis, 
arrhythmia, and comorbidities affecting hospitalizations. The nationwide estimates were attained using 
discharge records. We assessed incidence and trends in sarcoidosis-related arrhythmia and consequential 
inpatient mortality, hospital length of stay (LOS), hospitalization charges and predictors of mortality with 
multivariate analysis. 
Results: We identified 369,285 sarcoidosis-related hospitalizations. Of these, nearly one-fifth suffered 
from arrhythmias (n=73,424). The sarcoidosis patients developing arrhythmias were older (61.9 vs.  
56.0 years) compared to those without. Males had the higher incidence of arrhythmias compared to 
females. Atrial fibrillation (Afib) (10.97%) was the most common subtype, followed by ventricular 
tachycardia (1.97%). There was a rising trend in arrhythmia-related hospital admissions and mortality 
among sarcoidosis, with Afib incidence displaying the highest increase. Traditional cardiac comorbidities 
were higher in the sarcoid-arrhythmia group. The arrhythmia group had significantly higher mortality 
(3.7% vs. 1.5%), mean hospital LOS (6.4 vs. 5.2 days) and hospital charges ($64,118 vs. $41,565) compared 
to non-arrhythmia group (P<0.001). Incident arrhythmia significantly increased the mortality odds in 
sarcoidosis (adjusted odds ratio, 2.06).
Conclusions: The growing trend, deteriorating outcomes and higher mortality associated with sarcoid-
related arrhythmias highlight the importance of timely diagnosis and aggressive management in this 
population.
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Introduction

Sarcoidosis is a granulomatous disease of unclear etiology, 
with myriad clinical presentations and involving various 
organ systems. The annual incidence of sarcoidosis in the 
United States (US) is approximately 10.9 per 100,000 in 
Caucasians and 35.5 per 100,000 in African-American 
population, respectively (1). Sarcoidosis is classically 
known to involve the lungs but rarely can also involve 
other organs such as heart, brain, and skin (2). Up to 
5% of sarcoidosis patients are found to have cardiac 
involvement, with associated clinical manifestations such 
as ventricular arrhythmias, conduction abnormalities, heart 
failure and sometimes sudden cardiac death (SCD) (3-5).  
In a retrospective study, as many as half of the patients 
with sarcoidosis were found to have cardiac sarcoidosis 
on autopsy (2). Cardiac involvement accounts for almost 
10–25% of all deaths from sarcoidosis in the US and is 
usually attributable to malignant arrhythmias and complete 
heart block (3,4). Importantly, some studies have described 
patients with isolated cardiac sarcoidosis, that is, with no 
evidence of sarcoidosis involvement in other organs (5). 
In a recent prospective study of 73 patients with cardiac 
sarcoidosis who were followed for a median period of 
8.8 years, arrhythmias developed in 51 (86.4%) patients, 
and lack of pacemaker or defibrillator was one significant 
predictor of mortality in Cox regression analysis (6). 
Nery et al. suggested that the cardiac involvement should 
be considered in all sarcoidosis patients aged <55 years 
presenting with an unexplained atrioventricular block, and 
in patients with idiopathic cardiomyopathy and sustained 
ventricular tachycardia (7).

The underlying pathophysiology of cardiac sarcoidosis 
involves the formation of non-caseating granulomas, which 
may involve any part of the heart, although the left ventricle 
is the most commonly affected chamber (8). The cardiac 
pathologic features include three successive histological 
stages, i.e., edema, granulomatous inflammation, and fibrosis 
leading to post-inflammatory scarring (8). There are no 
gold standard criteria for the diagnosis, and the low yield of 
endomyocardial biopsy combined with the limited accuracy 
of various clinical criteria finally make the diagnosis very 
challenging (9). Because of these reasons, cardiac sarcoidosis 
is an under-recognized entity, which is unfortunate because 
is readily treatable with corticosteroids, and early diagnosis 
and treatment may prevent further progression and  
complications (9). With the rising prevalence of cardiac 
involvement in sarcoidosis, multiple small studies have 

searched for asymptomatic cardiac sarcoidosis in patients 
with systemic disease. However, limited data exist on burden 
and outcomes of arrhythmias by subtypes in sarcoidosis. 
This study aims at evaluating the US nationwide estimate of 
the burden and the differences in the outcomes of various 
subtypes of arrhythmias in inpatient sarcoidosis population.

Methods

Study data and design

The Healthcare Cost and Utilization Project’s National 
Inpatient Sample (NIS) was investigated from January 2010 
to December 2014 for examining the burden of arrhythmias 
in sarcoidosis patients. International Classification of 
Diseases, 9th Revision, Clinical Modification (ICD-9-
CM) code 135 was used to recognize ≥18 years patients 
with sarcoid as a primary discharge diagnosis. To minimize 
selection bias, the final study cohort remained exclusive of 
patients with the concomitant acute coronary syndrome, 
prior ischemic heart disease or any ischemic cardiomyopathy. 
The NIS is an administrative dataset generated by the 
Agency for Healthcare Research and Quality (AHRQ) 
from the data backed by participating states (10). The NIS 
database has been used effectively in the recent past to 
evaluate the burden of arrhythmias in various conditions and 
to recognize, track, and examine national patterns in drifts in 
hospitalization rates, hospital charges, quality and outcomes 
in terms of mortality and complications (11-13). The NIS 
is the largest all-payer database inclusive of Medicare, 
Medicaid, private insurance and uninsured hospitalized 
patients in the US (exclusive of the Federal, institutional 
and short-term rehabilitation hospitals). Each admission is 
anonymous and is kept as a unique record with one primary 
discharge diagnosis and up to 24 secondary diagnoses during 
that admission. Data on demographic details including 
age, gender, race, insurance status, comorbidities, hospital 
characteristics, and procedures were studied. The NIS 
contains all discharge data from 45 states, almost illustrative 
of a 20% stratified example of the US community hospitals. 
Discharge weights provided within the NIS were then used 
to produce national-level assessments. 

Hospital-related definitions

Hospital location (rural/urban) and teaching status were 
pooled and categorized into three sub-classes: teaching urban, 
non-teaching urban and rural. The hospitals were classified 
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into small, medium and large according to their bed-size, cut-
points for which were diverse according to the region.

Patient-related variables

Demographic information included patients’ age, race, and 
gender. Particular comorbidities that can possibly affect 
hospitalization outcomes were identified using ICD-9-
CM codes. Similarly, various forms of arrhythmias were 
identified using ICD-9-CM codes (Table S1).

Outcome variables

We used the hospital length of stay (LOS), in-hospital 
mortality and hospital charges to assess the influence of 
arrhythmias on sarcoid-related hospitalization outcomes. We 
evaluated frequency and trends in arrhythmia occurrence 
with sarcoidosis, including subtypes of arrhythmias and 
gender differences. The significant predictor variables were 
integrated into two-way hierarchical logistic regression to 
assess the mortality odds attributed to various subtypes of 
arrhythmias in sarcoidosis.

Statistical analysis

All analyses were performed using a complex sample design 
of SPSS Statistics 22 software (IBM Corp., Armonk, NY, 
USA), with the aim of considering clustering, stratification, 
and sampling weights. Therefore, subsequent estimates 
should be representative of the national inpatient 
admissions for sarcoid and arrhythmias. Univariate tests 
were performed to compare the baseline characteristic, 
comorbidity profile, and outcomes between patients with 
sarcoidosis with and without arrhythmias. These tests 
consisted of the Pearson chi-square test for categorical 
outcomes and student’s t-test for continuous outcomes, 
respectively. Statistical level of significance (alpha) was 
decided at 0.05. All outcome variables that were significant 
in univariate analyses were then incorporated in the final 
two-way hierarchical multiple logistic regression analysis.

Results

Baseline characteristics 

After following a strict inclusion and exclusion criteria, 
as earlier mentioned, applying weights to the unweighted 
NIS dataset, we identified 369,285 inpatient admissions 

with a principal discharge diagnosis of sarcoidosis. 
Among these subjects, one-fifth (20%) had concomitant 
discharge diagnoses of arrhythmias (n=73,424). Table 1  
shows the comparison of the baseline patient and hospital 
characteristics in sarcoidosis with and without arrhythmias. As 
predictable, older age was a risk factor for the development 
of arrhythmia (mean age 61.9 vs. 56.0 years; P<0.001). 
Sarcoidosis as a whole (with and without arrhythmia) was 
more commonly seen in females than in males (61.0% and 
66.6%). Notably, arrhythmias were more common among 
male patients with sarcoidosis than in females (22.5% 
vs. 18.5%, P<0.001, Figure 1). Of the sarcoidosis-related 
admissions, whites (50.4%) were found to be arrhythmics 
more often than African American (44.2%). Interestingly, 
most admissions were nonelective in arrhythmic patients 
(85.5% vs. 80.3%, P<0.001) and during the weekdays, i.e., 
Monday–Friday compared to the remaining days of the 
week (78.7% vs. 80.5%, P<0.001). Most of the patients were 
insured by Medicare (45.7% vs. 58.0%, P<0.001). 

Sarcoidosis patients who were arrhythmics admitted more 
often to private non-profit institutes (79.6%) than government 
hospital (10.4%). Of all the sarcoidosis admissions, arrhythmics 
were more often admitted to urban-teaching hospitals (61.4% 
vs. 60.7%) but less frequently admitted to rural hospitals (7.9% 
vs. 8.4%) as compared to non-arrhythmics. The southern 
hospitals documented highest sarcoidosis population with 
(38.3%) and without (40.8%) arrhythmias. However, 
sarcoidosis admissions to Midwest (25.9% vs. 24.1%) and 
West (10.7% vs. 9.6%) region hospitals documented more 
arrhythmics as compared non-arrhythmics.

Baseline comorbidities

Table 2 shows a comparison of various comorbidities 
between the arrhythmia and no arrhythmia cohorts. 
Hypertension was the most common comorbidity present 
in both groups (64.6% vs. 58.1%). Arrhythmic cohort had 
higher number of comorbidities (in descending order): 
chronic pulmonary disease (35.4% vs. 30.0%), dyslipidemia 
(34.8% vs. 28.6%), fluid and electrolyte disorders (32.8% 
vs. 26.0%), uncomplicated diabetes (30.7% vs. 27.9%), 
anemia (23.5% vs. 20.6%), obesity (body mass index ≥30) 
(21.3% vs. 20.0%), renal failure (21.0% vs. 14.9%) and 
congestive heart failure (CHF) (20.4% vs. 11.0%) (all P 
values were P<0.001). Cardiovascular comorbidities such 
as peripheral vascular disease, coronary atherosclerosis, 
valvular heart disease, cerebrovascular diseases were also 
common in the arrhythmic cohort. Other comorbidities 
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Table 1 Baseline characteristics of sarcoidosis patients with vs. without arrhythmia

Characteristics
Sarcoid + no arrhythmia  
(weighted N=295,861)

Sarcoid + arrhythmia  
(weighted N=73,424)

P value

Age (years) <0.001

Mean age, mean ± SD 56.0±13.3 61.9±13.8

18–44 57,746 (19.5) 7,949 (10.8)

45–64 161,020 (54.4) 33,570 (45.7)

65–84 72,050 (24.4) 28,488 (38.8) 

≥85 5,045 (1.7) 3,417 (4.7)

Indicator of sex <0.001

Male 98,834 (33.4) 28,643 (39.0)

Female 197,004 (66.6) 44,781 (61.0)

Race <0.001

White 120,115 (43.5) 34,626 (50.4)

American African 137,386 (49.8) 30,395 (44.2)

Hispanic 10,562 (3.8) 1,862 (2.7)

Asian and Pacific Islander 1,246 (0.5) 354 (0.5)

Admission day <0.001

Weekday (Mon–Fri) 238,068 (80.5) 57,795 (78.7)

Weekend (Sat–Sun) 57,788 (19.5) 15,629 (21.3)

Elective versus non-elective admission <0.001

Non-elective 236,741 (80.3) 62,633 (85.5)

Elective 58,179 (19.7) 10,615 (14.5)

Primary expected payer <0.001

Medicare 134,956 (45.7) 42,512 (58.0)

Medicaid 44,388 (15.0) 7,570 (10.3)

Private including HMO 93,730 (31.8) 19,397 (26.5)

Self-pay/no charge/other 22,101 (7.5) 3,827 (5.2)

Median household income national quartile for patient ZIP Code
#

<0.001

0–25
th

104,061 (36.0) 23,620 (32.8)

26–50
th

67,577 (23.4) 17,034 (23.7)

51–75
th

63,594 (22.0) 16,510 (22.9)

76–100
th

53,811 (18.6) 14,823 (20.6)

Bed size of hospital <0.001

Small 37,102 (12.6) 8,474 (11.6)

Medium 74,111 (25.1) 17,511 (23.9)

Large 183,555 (62.3) 47,270 (64.5)

Location/teaching status of hospital <0.001

Rural 24,778 (8.4) 5,787 (7.9)

Urban non-teaching 91,002 (30.9) 22,458 (30.7)

Urban teaching 178,988 (60.7) 45,009 (61.4)

Table 1 (continued)
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Table 1 (continued)

Characteristics
Sarcoid + no arrhythmia  
(weighted N=295,861)

Sarcoid + arrhythmia  
(weighted N=73,424)

P value

Region of hospital <0.001

Northeast 75,453 (25.5) 18,400 (25.1)

Midwest 71,320 (24.1) 19,037 (25.9)

South 120,767 (40.8) 28,105 (38.3)

West 28,321 (9.6) 7,881 (10.7)

Control/ownership of hospital <0.001

Government, nonfederal 34,680 (11.8) 7,649 (10.4)

Private, non-profit 228,297 (77.4) 58,344 (79.6)

Private, invest-own 31,791 (10.8) 7,262 (9.9)
#
, derived from ZIP Code-demographic data obtained from Claritas. The quartiles are identified by values of 1 to 4, indicating the poorest 

to wealthiest populations. Because these estimates are restructured annually, the value ranges vary by year. Derived from https://www.
hcup-us.ahrq.gov/db/vars/zipinc_qrtl/nisnote.jsp. HMO, health maintenance organization.

Figure 1 The burden of arrhythmias in sarcoidosis. Afib, atrial fibrillation; Afl, atrial flutter; Vfib, ventricular fibrillation; VT, ventricular 
tachycardia; PSVT, paroxysmal supraventricular arrhythmias; SA, sinoatrial.

Trends of arrhythmia prevalence and mortality in sarcoid-related hospitalization

Prevalence of subtypes of arrhythmia by gender in sarcoid-related hospitalization
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such as coagulopathy, hypothyroidism, thromboembolism, 
pulmonary circulation disorders, and septicemia were 
also commonly seen in the arrhythmic group (Table 2). 
Interestingly, smoking (23.6% vs. 21.1%), alcohol abuse 
(3.0% vs. 2.8%), and liver diseases (5.1% vs. 4.3%) were 
slightly more common in the sarcoidosis patients without 
arrhythmia. All P values were <0.001.

Outcomes

Routine discharges were fewer in the patients presenting with 
arrhythmias (58.1% vs. 68.5%, P<0.001) as they seemed to 
have more transfers to the short-term hospital (3.0% vs. 2.1%; 

P<0.001) and other facilities (16.8% vs. 11.7%; P<0.001). 
The in-hospital mortality rate was higher in the sarcoidosis 
patients with arrhythmias (3.7% vs. 1.5%, P<0.001). 
The mean hospital LOS was 6.4 days in patients with 
arrhythmias, which is slightly higher than in patients without 
arrhythmias (i.e., 5.2 days; P<0.001). The total hospital cost 
was significantly higher in the arrhythmic patients, with 
an average cost of about $64,118, as opposed to $41,565 in 
patients without arrhythmias (P<0.001) (Table 3).

Spectrum and burden of arrhythmias 

The most frequent arrhythmia subtype in the sarcoid-related 

Table 2 Comorbidities in sarcoidosis patients with vs. without arrhythmia

Comorbidities

Sarcoid + no arrhythmia  
(weighted N=295,861)

Sarcoid + arrhythmia  
(weighted N=73,424) P value

N % N %

Alcohol abuse 8,892 3.0 2,022 2.8 <0.001

Smoking 69,791 23.6 15,527 21.1 <0.001

Obesity 59,145 20.0 15,603 21.3 <0.001

Dyslipidemia 84,632 28.6 25,584 34.8 <0.001

Deficiency anemias 61,002 20.6 17,250 23.5 <0.001

Hypertension 171,924 58.1 47,400 64.6 <0.001

Diabetes, uncomplicated 82,569 27.9 22,562 30.7 <0.001

Diabetes with chronic complications 20,721 7.0 5,509 7.5 <0.001

Coagulopathy 14,886 5.0 5,276 7.2 <0.001

Congestive heart failure 32,406 11.0 14,968 20.4 <0.001

Peripheral vascular disorders 9,468 3.2 3,891 5.3 <0.001

Coronary atherosclerosis 8,342 2.8 3,324 4.5 <0.001

Valvular heart disease 10,400 3.5 5,808 7.9 <0.001

Chronic pulmonary disease 88,633 30.0 25,967 35.4 <0.001

Pulmonary circulation disorders 20,065 6.8 7,982 10.9 <0.001

Hypothyroidism 36,202 12.2 10,988 15.0 <0.001

Liver disease 15,178 5.1 3,157 4.3 <0.001

Fluid and electrolyte disorders 76,955 26.0 24,055 32.8 <0.001

Renal failure 44,177 14.9 15,413 21.0 <0.001

Cerebrovascular diseases 4,701 1.6 1,746 2.4 <0.001

Thromboembolism 27,840 9.4 7,896 10.8 <0.001

Septicemia 12,227 4.1 4,096 5.6 <0.001

P<0.05 indicates clinical significance.
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Table 4 Odds of in-hospital mortality due to arrhythmia in sarcoid-related hospitalizations

Type of arrhythmia aOR LL UL P value

Any arrhythmia 2.06 1.95 2.16 <0.001

Atrial fibrillation 1.92 1.81 2.04 <0.001

Ventricular fibrillation 21.62 18.10 25.83 <0.001

SA node dysfunction 0.87 0.65 1.17 0.357

Cardiac arrest 97.79 88.69 107.83 <0.001

Significant P<0.05 at 95% confidence interval. Logistic regression model was adjusted for age, sex, and race, admission type, hospital 
characteristics, and relevant comorbidities. aOR, adjusted odds ratio; LL, lower level; UL, upper level.

hospitalization (per 100,000) was atrial fibrillation [10,970] 
followed by ventricular tachycardia [1,967] and atrial flutter 
[1,665]. The other arrhythmic subtypes noted were premature 
beats [724], sinoatrial (SA) node dysfunction [535], paroxysmal 
supraventricular arrhythmias (PSVT) [467]. The least 
common arrhythmia was ventricular fibrillation and flutter. 
Cardiac arrest rate was 559 per 100,000 sarcoid patients. Atrial 
fibrillation was more common among male sarcoidosis patients 
(12.6% vs. 10.1%, P<0.001), with a significantly increased 
trend over the study period. The frequency of arrhythmia (per 
100,000 sarcoid-related hospitalizations) and mortality (per 
100 sarcoid-related hospitalizations) were seen to progressively 
increase over the study period (Figure 1).

In-hospital mortality odds in sarcoidosis patients with 
arrhythmia 

A multivariate analysis was performed to assess the 

mortality rate associated with the subtype of arrhythmia 
controlling for age, gender, and race, admission type, 
hospital characteristics and relevant comorbidities. Overall 
any arrhythmia incidence with sarcoidosis raised the 
odds of in-hospital mortality [adjusted odds ratio (aOR), 
2.06; 95% CI, 1.95–2.16; P<0.001]. Cardiac arrest (aOR, 
97.79; 95% CI, 88.69–107.83; P<0.001) was found to be a 
significant predictor of mortality among sarcoid patients. 
The other significant arrhythmias causing mortality were 
atrial fibrillation (aOR, 1.92; 95% CI, 1.81–2.04; P<0.001) 
and atrial flutter (aOR, 2.33; 95% CI, 2.07–2.62; P<0.001) 
(Table 4).

Discussion

In this study, we report the burden of arrhythmia in 
sarcoidosis patients in terms of types of arrhythmia, 
comorbidities, hospital LOS, and associated hospital 

Table 3 Outcomes in sarcoidosis-related hospitalizations with vs. without arrhythmia

Outcomes
Sarcoid + no arrhythmia  
(weighted N=295,861)

Sarcoid + arrhythmia  
(weighted N=73,424)

P value

All-cause in-hospital mortality, n (%) 4,548 (1.5) 2,743 (3.7) <0.001

Length of stay (mean ± SD) (days) 5.2±5.9 6.4±7.9 <0.001

Total hospital charges (mean ± SD) ($) 41,565±59,106 64,118±100,694 <0.001

Disposition of patient, n (%) <0.001

Routine 202,711 (68.5) 42,642 (58.1)

Transfer to short-term hospital 6,182 (2.1) 2,235 (3.0)

Other transfers (SNF, ICF, other) 34,643 (11.7) 12,368 (16.8)

Home health care 44,369 (15.0) 12,869 (17.5)

Against medical advice 3,184 (1.1) 512 (0.7)

P value <0.05 indicates clinical significance. SNF, skilled nursing facility; ICF, intermediate care facility.
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charges. The important findings are as follows. Nearly one-
fifth of sarcoidosis patients experience arrhythmias during 
hospitalization, which is a major concern on healthcare 
groundwork. Although sarcoidosis is more prevalent in 
females, arrhythmias more often occurred in males. Atrial 
fibrillation was the most common subtype followed by 
ventricular arrhythmias. We observed increasing trends 
in sarcoid-related hospitalizations with arrhythmias and 
subsequent in-hospital mortality during the study period. 
Sarcoidosis increased the odds of arrhythmia, whilst the 
presence of atrial or ventricular tachyarrhythmias and cardiac 
arrest significantly enhanced in-hospital mortality odds.

The most common age group of patients with sarcoidosis 
and arrhythmia was 45–64 years, which is similar to the 
findings of a previous study conducted by Zhou et al. (6). 
Although the sarcoidosis cohort predominantly comprised 
of females, arrhythmias were more common in males. Our 
findings are also supported by previous studies, which 
showed a male predominance of cardiac involvement in the 
sarcoidosis (14-16). Another study conducted by Morimoto 
et al. reported that although females had a higher incidence 
of sarcoidosis in general, the incidence of heart involvement 
was comparable in both genders (17). Our study also 
showed that the male sarcoid patient had the highest 
incidence of any type of arrhythmia. Sarcoidosis was also 
common in patients with African Americans descent, but 
arrhythmias were common in the white population. This 
could be due to the selection bias, as the final study cohort 
was mainly comprised of white population. In our study, 
patients with sarcoidosis and arrhythmia were most likely 
to be admitted to an urban teaching hospital. This finding 
is supported by a similar study indicating that urban areas 
have better diagnostic and management facilities, and better 
resources for early detection and advanced referral to higher 
care centers (18).

In terms of hospital outcomes, our study showed that 
the arrhythmic cohort presented with increased in-hospital 
mortality, hospital LOS and increased total hospital 
charges, which shows a huge burden of cardiac events in 
the sarcoidosis patients and its impact on the healthcare 
system. This is consistent with other previously published 
studies (3,19).

Hypertension was the most  commonly present 
comorbidity in both groups. It was also seen that the 
arrhythmic sarcoidosis patients had the higher incidence 
of underlying comorbidities like a chronic pulmonary 
disease, diabetes, fluid and electrolyte disorders, and CHF. 
These findings are consistent with those reported by Patel 

et al. (18). A study conducted by Yazaki et al. showed that 
between 25% to 75% of patients with cardiac sarcoidosis 
present with CHF (20), and the presence of CHF indicates 
the progression of cardiac sarcoidosis to an advanced  
stage (21).

The most common subtypes of arrhythmias found in 
our study were atrial fibrillation, followed by ventricular 
tachycardia, and atrial flutter. This is in contrast to other 
studies, where ventricular tachycardia has been reported 
as the most common arrhythmia. Moreover, the incidence 
of atrial fibrillation increased progressively over the 
period of 5 years as opposed to other arrhythmias. The 
atrial arrhythmias are generally due to atrial enlargement 
secondary to ventricular dysfunction and/or pulmonary 
hypertension due to the core pulmonale. Our study also 
showed the increased presence of pulmonary disorders 
in the arrhythmia cohort. Some of this could also be due 
to the granulomatous infiltration culminating in atrial 
dilatation (22). 

Although atrial arrhythmias were more common, 
cardiac arrests (including ventricular tachycardia and 
ventricular fibrillation) are associated with the maximum 
mortality rate in sarcoid-related hospitalizations. It was 
identified that supraventricular arrhythmias were not 
associated with significant mortality. Nevertheless, it is 
still important to identify atrial fibrillation as it carries 
therapeutic implications regarding thromboembolic risk. 
SVT can lead to inappropriate use of ICDs (23). They 
are several other studies supporting this finding (24,25). 
Therefore, an appropriate diagnosis is essential. One way 
to recognize atrial arrhythmias is by studying MRI as a 
study by Cain et al. showed that patients with atrial late 
gadolinium enhancement on MRI are threefold more likely 
to develop atrial arrhythmias than those with no evidence 
of gadolinium enhancement on MRI (26). The analysis 
of hospitalization trends showed that the prevalence of 
arrhythmia and mortality increased over the 5-year period. 
Other studies have also reported a similar trend (19,27,28). 
Our study has attempted to highlight the burden of 
arrhythmias in the sarcoidosis patient, which is one of the 
leading causes of mortality. Therefore, timely diagnosis 
and appropriate treatment can decrease the morbidity and 
mortality associated with this condition. 

The NIS has few potential limitations being an 
administrative database, which should not be overlooked. 
Although we have excluded ischemic cardiomyopathy and 
myocardial infarction patients to minimize the selection 
bias as per previously validated methods, there remains a 
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possibility of arrhythmias being classified as sarcoidosis-
induced but actually, it is due to concomitant cardiovascular 
comorbidities. The histological investigational data and 
laboratory data were not accounted for in the analysis. 
Because of the retrospective nature of the database, we 
could not study the time frame from the diagnosis of 
sarcoidosis to arrhythmia development. The NIS does not 
include information about medication, which could have 
played a role in predicting the arrhythmia and related in-
hospital mortality. Despite these limitations, the NIS is 
still the largest inpatient data source from the US hospitals 
and on weighing; data provided national estimates, which 
increased the generalizability of the results to an extent.

Conclusions

The rising prevalence, hospitalizations, and mortality 
associated with the arrhythmias in the sarcoidosis highlight 
the importance of heightened surveillance in these patients. 
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Supplementary

Table S1 International Classification of Disease, 9
th

 Revision, Clinical Modification Codes (ICD-9-CM) and Clinical Classifications Software 
(CCS) and procedure (PR) codes used for comorbidities and complications not provided by the NIS database (the comorbidity codes provided by 
database: https://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/Table2-FY2010-V3_5.pdf)

ICD-9-CM/CCS/PR codes

Comorbidities

Smoking ICD-9 305.1, V15.82

Dyslipidaemia CCS 53

Coronary atherosclerosis CCS 101

Previous myocardial infarction ICD-9 412

Previous percutaneous coronary intervention (PCI) ICD-9 45.82

Previous coronary artery bypass grafting (CABG) ICD-9 45.81

History of sudden cardiac arrest V12.53

Venous thromboembolism CCS 118

Septicemia CCS 2

Complications

Any arrhythmia CCS 106

Atrial fibrillation ICD-9 427.31

Atrial flutter ICD-9 427.32

Ventricular fibrillation ICD-9 427.41

Ventricular flutter ICD-9 427.42

Ventricular tachycardia ICD-9 428.1

SA node dysfunction ICD-9 427.81

Cardiac arrest ICD-9 427.5

SA, sinoatrial.


