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Abstract
Dyspnea and exercise intolerance are usually attributed to pulmonary disease in sarcoidosis patients. However, cardiac involvementmay also
be responsible for these symptoms. Data regarding the impact of heart involvement on lung function in cardiac sarcoidosis (CS) is limited.
The aim of study was to compare the results of pulmonary function tests (PFTs) in patients with and without heart involvement. We

performed a retrospective analysis of PFTs in a group of sarcoidosis patients both with and without heart involvement evaluated by
cardiovascular magnetic resonance (CMR) study. The study was performed in the period between May 2008 and April 2016.
We included data of sarcoidosis patients who underwent testing for possible CS (including CMR study) at a national tertiary referral

center for patients with interstitial lung diseases. All patients had histopathologicaly confirmed sarcoidosis and underwent standard
evaluation with PFTs measurements including spirometry, plethysmography, lung transfer factor (TL,CO), and 6-minute walking test
(6MWT) assessed using the most recent predicted values.
We identified 255 sarcoidosis patients (93 women, age 42±10.7 y): 103 with CS and 152 without CS (controls). CS patients had

significantly lower left ventricular ejection fraction (LVEF; 56.9±7.0 vs 60.4±5.4, P< .001). Any type of lung dysfunction was seen in
63% of CS patients compared with 31% in the controls (P= .005). Ventilatory disturbances (obstructive or restrictive pattern) and low
TL,CO were more frequent in CS group (52% vs 23%, P< .001 and 38% vs 18% P< .01 respectively). CS (OR=2.13, 95% CI: 1.11–
4.07, P= .02), stage of the disease (OR=3.13, 95% CI: 1.4–7.0, P= .006) and LVEF (coefficient=–0.068±0.027, P= .011) were
independent factors associated with low FEV1 but not low TL,CO. There was a significant correlation between LVEF and FEV1 in CS
group (r=0.31, n=89, P= .003). No significant difference in 6MWD between CS patients and controls was observed.
Lung function impairment was more frequent in CS. Lower LVEF was associated with decreased values of FEV1. Relatively poor

lung function may be an indication of cardiac sarcoidosis.

Abbreviations: 6MWT/D = 6-minute walking test/distance, CI = confidence interval, CMR = cardiac magnetic resonance, CS =
cardiac sarcoidosis, ECG = electrocardiography, ECHO = echocardiography, FEV1 = forced expiratory volume in 1second, FVC =
forced vital capacity, GLI = global lung initiative, LLN = lower limit of normal, LVEF = left ventricular ejection fraction, TL,CO = transfer
factor for carbon monoxide, TLC = total lung capacity.
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1. Introduction

Sarcoidosis is an idiopathic systemic disease characterized by the
presence of non-caseating granulomas in the involved organs
(usually respiratory system with or without intrathoracic lymph
nodes).[1] Pulmonary involvement may be present in various
manifestation ranging from sporadic disseminated granulomas to
more extensive consolidations, and in some cases fibrosis.
Pulmonary function tests (PFTs) results may be impaired in
sarcoidosis patients, however the ventilatory disturbances of
either airway obstruction or restriction are less frequent than
parenchymal related diffusion and lung compliance abnormali-
ties.[2] For many years, the clinical significance of mild to
moderate changes in PFTs was perceived as ambiguous.[3]

Despite the potentially reversible nature of sarcoidosis (with
possible spontaneous regression in the lung) progressive pulmo-
nary sarcoidosis is one of the main causes of poor prognosis,
including death, in the course of the disease.[4,5]

The second most common cause of death (first in Japanese
sarcoidosis patients population) is heart involvement.[6] The
prognosis of cardiac sarcoidosis (CS) is related to extent and site
of involvement in the heart, however sudden cardiac death, due to
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malignant ventricular tachyarrhythmias, or advanced heart block
can occur even in previously asymptomatic patients.[7]

CS may lead to heart failure and reduced left ventricular
ejection fraction (LVEF) and may be also a reason for lung
function impairment.[8]

The heart and lung involvement are the most significant
contributors to fatal outcome due to sarcoidosis.[9] In previous
studies the relationship between pulmonary status and CS have
not been well defined. We are aware of only one study where
impaired PFTs and/or progression of radiological chest imaging
was mentioned.[10]

The health care system in Poland has established that almost all
patients with suspected interstitial lung diseases (ILDs), including
sarcoidosis, are referred for diagnostic procedures to hospitals.
The National TB& Lung Diseases Research Institute inWarsaw,
Poland serves as the regional referral center for patients with
sarcoidosis and other ILDs. Due to a research project of active
looking for patients with heart involvement (screening using
CMR study) performed in our institution for 3 years and our
previously gathered (and published) data, we have collected data
from a large number of CS patients as well as a large number of
patients in whom CMR study was negative.[11,12] This gave us an
opportunity to compare 2 well defined, large groups of
sarcoidosis patients with reference to lung function and 6-
minute walking test (6MWT).
The main purpose of the study was to assess and compare

results of PFTs in patients with and without heart involvement
using the most recently obtained spirometry and 6MWT results.
We hypothesized, that due to cardiac involvement, CS patients
may have lower lung function and exercise capacity (expressed in
6MWT).
2. Material and methods

2.1. Patients

We performed a retrospective analysis of PFTs and 6MWT in the
group of biopsy-proven sarcoidosis patients with and without
heart involvement confirmed in the cardiovascular magnetic
resonance (CMR) study.
The study covered period from May 2008 to April 2016 and

was performed in 2 departments in our hospital. Analysis
gathered data of 1615 sarcoidosis patients (see the flowchart in
Fig. 1). During this period, we identified 103 patients with CS
confirmed by CMR. As a control group, we used data of 152
sarcoidosis patients with negative CMR study results collected in
screening study for CS performed from October 2012 to
September 2015. The indication for CMR investigation was
screening in prospective group which we reported in 2016[11] and
clinical suspicion of CS in patients taken from retrospective large
cohort data.[12]

All patients diagnosed or followed due to sarcoidosis
underwent standard evaluation containing: clinical assessment,
laboratory tests, radiological chest examination, standard 12-
lead electrocardiography (ECG), abdominal ultrasonography,
ophthalmology assessment (or other consultation of specialist or
additional tests, if needed), and PFTs with 6MWT (in patients
without contraindications). Chest x-ray was scored using
Scadding stage. Echocardiography (ECHO), 24h-Holter moni-
toring were also collected. We collected demographic informa-
tion, medical history, including comorbidities and medical
treatment. Patients with recognized other cardiac diseases,
2

particularly coronary artery disease, which could influence the
CMR imaging and making it non-conclusive, were not included
in the final study. None of patients included in the analysis was
treated due to sarcoidosis at the time of CMR and PFT
investigations and for a year prior to the study.
2.2. Cardiac magnetic resonance imaging

All patients provided informed consent prior to CMR study.
CMR studies were performed using 1.5T scanner (Siemens,
Avanto SQ-engine T-class Tim [76�32]) with a dedicated 32-
channel cardiac coil. Study protocol consisted of function, edema,
and late gadolinium enhancement (LGE) imaging. LGE image
were evaluated visually for enhancement regions. Presence as well
as location of LGE were analyzed.
CMR findings were considered to be positive for active CS if

both increased signal intensity on T2-weighted sequences
(edema) and delayed contrast enhancement were present. The
final diagnosis for active myocarditis due to CS disease was
confirmed by positive CMR test without evidence of other
reasons for such abnormalities.[13] This is consistent with the
current recommendations of the World Association of Sarcoido-
sis and other Granulomatous (WASOG) guidelines.[14]

Left ventricular ejection fraction (LVEF) was assessed accord-
ing to Society for Cardiovascular Magnetic Resonance (SCMR)
2008 and 2013[15] recommendations on dedicated workstation
with advanced cardiac package (Argus Cardiac Function,
Siemens Inc., Erlangen, Germany).
2.3. Pulmonary function tests and 6-minute walking test

PFTs included spirometry, plethysmography, and TL,CO meas-
urements using the single breath method. Tests were done using a
MasterScreen system (software version 4.65; Jaeger, Würzburg,
Germany). ATS/ERS 2005 guidelines were followed for all lung
function measurements.[16–18] We used reference values from
GLI-2012[19] for spirometry, from ECCS/ERS 1993[20] for lung
volumes, and from GLI-2017 for TL,CO

[21], defining the lower
limit of normal at the level of –1.645 SD, and grading the severity
of ventilatory impairment and TL,CO reduction according to the
ATS/ERS 2005 guidelines.[22]

The 6MWT was conducted in accordance with ATS guide-
lines.[23] All patients exhibited resting oxygen saturation >90%
at the beginning of the walking test (none of them needed oxygen
supplementation). Heart rate (HR), blood pressure, oxygen
saturation, and Borg dyspnea index were recorded at the
beginning and end of the 6minute walk. The total distance
walked (6-minute walk distance—6MWD, in meters) was
documented at the end of the test and additionally heart rate
and oxygen saturation were recorded at the end of every minute
of the test.
We calculated distance-saturation product (DSP), which was

defined by Lettieri et al[24] as a result of the 6MWDmultiplied by
the lowest oxygen saturation.
2.4. Statistical analysis

Descriptive data was presented as mean± standard deviation. All
comparisons and analyses of PFTs results were conducted with
values normalized for age, size, and sex expressed as Z-score
(difference from the predicted value divided by standard
deviation in reference population). Group comparisons were
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made using paired t tests for independent samples. The incidence
ratios were presented as numbers of patients in groups and
percentages. The Pearson Chi-squared test was used to check for
differences in the prevalence of observations. A Pearson product–
moment correlation coefficient was computed to assess the
relationship between continuous variables. Logistic regression
analysis was used to build the model of association between
disease stage, smoking, disease duration, LVEF, and presence of
cardiac involvement as predictors and the impaired lung function
(low FEV1 or low TL,CO) as an outcome. The odds ratios with
95% confidence intervals and P-values were presented. To
examine the associations of the lung function variables with the
LVEF, multiple linear regression analyses were performed with
smoking, cardiac involvement, and disease duration and stage as
possible explanatory variables. The coefficient of determination
(R2), standardized effect sizes (b) for each lung function
parameter with 95% confidence intervals and P-values were
presented.
All statistical analyses were performed using STATISTICA

(data analysis software system StatSoft, Inc. 2010), version 9.1
and MedCalc Statistical Software version 18.6 (MedCalc
Software bvba, Ostend, Belgium; http://www.medcalc.org;
1993–2018).
2.5. Ethics approval and consent to participate

This study is a retrospective analysis of de-identified data. All
procedures performed in study were in accordance with the
ethical standards of the institutional and national research
committee and with the 1964 Helsinki declaration and its later
amendments. Study was also approved by National TB & Lung
Diseases Research Institute Ethic Committee (approval no. KB-
108/2012).
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Figure 1. The flowc
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3. Results

During the 7-year period, over 1600 sarcoidosis patients were
examined in our hospital. Among them we have identified 265
sarcoidosis patients, all Caucasian, who underwent tests for the
diagnosis of CS (including CMR study). Patients were assigned to
2 subgroups: 103 patients with diagnosis of CS (CMR positive)
and 152 controls with sarcoidosis without cardiac involvement
(CMR negative)—see the flowchart in Fig. 1 for details. All
patients had histopathologicaly confirmed sarcoidosis. The
careful review of clinical data revealed that only 2 patients in
screening study[11] and 10 patients from cohort study[12] were
treated in the past. In all cases the period of treatment was
finished earlier than 12 months before CMR study. Patients’
characteristic is given in Table 1.
Patients in the CS group had lower FEV1, FVC, and FEV1/FVC

than controls (see Table 2). This was consistent with a combined
obstructive and restrictive difference. There was also a greater
transfer factor impairment for the CS group.
Almost two-thirds of CS patients (63%) had one or more lung

function disturbance compared with one-third (31%) of the
control group. Spirometry detectable ventilatory disturbances
(obstruction or possible restrictive pattern) were twice as frequent
in CS group (52% vs 23%, P< .001) with the dominant role of
airway obstruction.
Low TL,CO results were observed significantly more frequently

in CS patients than in controls (38% vs 18% P< .01). Prevalence
of different types of lung function disturbances and overlapping
of them in CS and control group are presented in Fig. 2.
In purpose of finding the association between disease stage,

smoking status, disease duration, LVEF, and presence of cardiac
involvement as predictors of impaired lung function (low FEV1 or
low TL,CO) as an outcome, we have built the models using logistic
regression analysis. It revealed that presence of CS (OR=2.13,
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Table 1

Study group characteristics.

Cardiac sarcoidosis (n=103) Controls (n=152) P-value

Age 42.4±11.3 41.7±10.3 .3
Males/Females 73%/27% 57%/43% .01
Patients in scadding stages 1/2/3 (%) 16/82/5 (15.5/79.6/4.9) 36/112/4 (23.7/73.7/2.6) .2
Patients treated in the past

∗
7 (6.8%) 5 (3.3%) .19

Time from the diagnosis to CMR investigation, mo 29.9±42.1 18.0±36.8 .018
% of ever-smokers and cigarette consumption (pack-years) 44.7%

11.5±9.7
37.5%
9.5±7.3

.25

.24
Extrathoracic† sarcoidosis 52 (50.5%) 36 (23.7%) .0001
LVEF in CMR study 56.9±7.0 (n=89) 60.4±5.4 .00001

Cardiac sarcoidosis means positive in CMR study, controls—patients with sarcoidosis but without heart involvement in CMR study. CMR= cardiac magnetic resonance, LVEF= left ventricular ejection fraction.
∗
Treated due to pulmonary sarcoidosis and treatment finished >12 months before CMR (see explanation in text).

† Sarcoidosis in locations other than in chest (lung, intrathoracic lymph nodes, heart are excluded).
Bold values are statistically significant (<0.05).
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95% CI: 1.11–4.07, P= .02), stage of the disease (OR=3.13,
95% CI: 1.4–7.0, P= .006) and LVEF (coefficient=–0.068±
0.027, P= .011) were independent factors associated with lung
function disturbances expressed as low FEV1. In respect to low
TL,CO results, only more advanced stage of the disease (OR=
2.66, 95% CI: 1.24–5.7, P= .012) and presence of cardiac
involvement (OR=2.29, 95% CI: 1.21–4.36, P= .011) signifi-
Table 2

Lung function in cardiac sarcoidosis patients and controls (Z-
scores, %pred, % of abnormal results, and % of cases in severity
grades).

Cardiac sarcoidosis Controls P-value

FEV1 n=103 n=152
(Z-score) –1.28±1.66 –0.66±1.29 .001
(% pred) 82.8±21.8 91.1±16.8 .0007
% cases< LLN 39.8% 17.8% .00009

FVC n=103 n=152
(Z-score) –0.65±1.51 –0.27±1.09 .019
(% pred) 91.7±18.9 96.6±13.9 .019
% cases< LLN 26% 11% .001

FEV1/FVC n=103 n=152
(abs.) 0.72±0.11 0.76±0.08 .001
(Z-score) –1.16±1.36 –0.71±1.1 .004
% of obstructives 37% 17% .0004
Mild 27% 13%
Moderate 7% 1%
Moderately severe 3% 1%
Severe 2%

TLC n=101 n=152
(Z-score) –0.17±1.51 0.03±1.15 .222
(%pred.) 98.4±15.6 100.7±12.7 .199
% of restrictives 18% 7% .0097

TL,CO n=101 n=151
(Z-score) –1.35±1.73 –0.84±1.38 .01
(%pred.) 83.4±19.4 89.5±18.4 .013
% of cases< LLN 38% 18% .0041
Mild 33% 13%
Moderate 5% 5%
Severe 1% 1%

abs.= absolute value; FEV1= forced expiratory volume in 1 second; FVC= forced vital capacity;
LLN= lower limit of normal; TLC= total lung capacity; TL,CO= transfer factor for carbon monoxide; Z-
score = result expressed as difference from mean divided by standard deviation value for reference
population. Airway obstruction classified according to FEV1: mild>70%pred., moderate 60–69%
pred., moderately severe 50–59%pred., severe 35–49%pred. TL,CO classified: mild: 60%pred. and
<LLN, moderate: 40–60%pred., severe<40%pred.
Bold values are statistically significant (<0.05).
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cantly increased the chance for abnormal results. A multiple
regression analysis (with FEV1 and TL,CO expressed as Z-score)
confirmed these findings. A significant regression equation was
found (F(6, 229)=5.432, P< .0001), with an R2 of 0.125.
Patients’ FEV1 (Z-score) was significantly associated only with
stage of the disease (b=–0.692±0.2, P= .001) and LVEF (b=
0.041±0.016, P= .01). Presence of CS did not reach satisfactory
significance level, but the trendwas observed (b=–0.361±0.201,
P= .07). Similar analysis referring to TL,CO revealed also
significant regression equation (F(6, 228)=3.493, P= .003),
with an R2 of 0.084. Patients’ TL,CO (Z-score) was significantly
associated with stage of the disease (b=–0.72±0.216, P= .001)
and smoking (b=–0.4±0.2, P= .05) but not with LVEF. The
presence of lung function disturbances, particularly airway
obstruction was not associated with fact of cigarette smoking.
As the LVEF was significantly different in CS and controls we

looked for associations between lung function and cardiac
performance. We observed significant correlation between LVEF
and FEV1 in CS group (r=0.31, n=89, P= .003) while not in
controls (Fig. 3).
We did not find significant differences in 6MWD expressed in

absolute values as well as transformed to Z-score between CS
patients and controls (in general and in various disease stages),
although we observed greater decrease in oxygen saturation and
slower heart rate in the sixth minute of test in the CS group (see
Table 3).
Amultiple linear regressionwas calculated looking for association

between 6MWD, smoking, cardiac involvement, disease duration,
stage, and LVEF. There were no significant relationships in build
model (F(5, 220)=1.183, P= .32), with an R2 of 0.026.
4. Discussion

Sarcoidosis is a multi-organ disease but the most common
manifestations are lung and surrounding lymph nodes abnor-
malities.[1,25] Although isolated CS may occur,[26] majority of CS
patients has pulmonary disease. Because of increased awareness
and improved diagnostic methods, a higher detection rate of CS
has been observed.[8]

Heart and lung involvement are the most significant contrib-
utors to mortality in sarcoidosis. To date, the relationship
between cardiac and pulmonary disease has often been over-
looked.[5] Many studies of CS do not describe the PFTs and we
are not aware of any previous study focused on pulmonary
function comparing CS-positive versus CS-negative patients.
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While analyzing the role of ECG in predicting CS, Darlington
et al[27] found correlation between presence of parenchymal lung
infiltrates and abnormal ECG, however they did not show results
of PFTs in the studied cohort. Chapelon et al,[28] in a retrospective
study, described abnormal PFTs in 13 from 39 (33%) patients
with CS (without comparison to control group), 2 with
obstructive, and 11 with restrictive patterns. Decreased TL,CO

was noted in 46% of cases. Mehta et al,[10] in univariate analysis,
found a higher FVC but not FEV1 (expressed as %predicted) to
be a predictor of CS, however multivariate analysis did not
5

confirm this finding. Nagai et al,[29] found no significant
difference in VC% predicted between LGE positive and negative
group. In the study of Handa et al,[30] patients with CS diagnosed
according to Japanese guidelines, had TL,CO %predicted
significantly lower than controls.
Our groups were different, since CS patients were more likely

to be male. This is in consistence with our previous observa-
tions.[11,12] CS patients had lower LVEF which is to be expected
as this form of the disease may lead to heart failure, but only in 3
of our patients observed LVEF values were below 40%.[8]

http://www.md-journal.com


Table 3

Six-minute walking test (6-MWT) results in cardiac sarcoidosis and control group.

Cardiac sarcoidosis (n=103) Controls (n=152) P-value

6MWD (m) 591.5±113.1 584.4±82.3 .57
6MWD (z-score) –0.27±0.36 –0.25±0.26 .54
Number (%) of 6MWD< LLN 8 (7.8%) 9 (5.9%) .55
Initial HR (b/min) 80.8±15 79.6±12.7 .49
Final HR (b/min) 128.3±17.7 133.3±13.4 .014
Initial Sat O2 (%) 96.8±1.1 97±1.1 .24
Lowest Sat O2 (%) 93.8±4.1 94.9±2 .011
Number of patients with Sat O2min<92% during exercise 13 (13.3%) 8 (5.7%) .042
Number of patients with Sat O2min<90% During exercise 10 (10.2%) 3 (2.1%) .0065
Drop of Sat O2 2.96±3.71 2.09±1.71 .016
% cases with drop of SatO2>4mmHg 24.5% 12.8% .02
Initial Borg score 0.04±0.31 0.01±0.17 .49
Final Borg score 0.35±1 0.14±0.77 .07
DSP (m%) 556.8±114.6 554.9±80.7 .88

6MWT=6-minute walk test; 6MWD=6-minute walk distance; CS(+)=patients with diagnosis of cardiac sarcoidosis; DSP=distance-saturation product (results of the 6MWD multiplied by the lowest oxygen
saturation); HR=heart ratio; Sat.= saturation.
Bold values are statistically significant (<0.05).
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Two-thirds of our CS patients had impaired lung function
compared with half of the control group. Ventilatory disturban-
ces were twice more frequent in CS group and airway obstruction
was usually responsible for this. Significant differences were
observed in stage 2 disease, which made up 3 quarters of our
investigated group. Results from stage 3 sarcoidosis patients are
of limited value due to small number of cases (only 9 in both
subgroups). The prevalence of reduced FEV1/FVC below LLN
(37%) in CS patients is much higher than in controls (17.1%),
but also as compared with general population of patients with
sarcoidosis (11.7% in general and 13% in stage 2).[2] In our
study, airway obstruction was not associated with smoking, age,
and sex. In a previous report, smoking, age, and sex were
important predictors for airway obstruction for African
Americans, but not Caucasians.[31] One of possible explanations
for the association between CS and airway obstruction may be
bronchial hyperreactivity often observed in sarcoidosis
patients,[32] which could have been augmented due to lower
LVEF.[33]

Airway obstruction frequently detected in CS patients is
regarded as one of the poor prognostic factors in the course of the
disease.[4] We can only speculate that airway obstruction is
partially associated with cardiac involvement and poorer LVEF.
It may factor into increased risk of bad outcome of the disease.
Restrictive pattern (TLC below LLN) was also found more

than twice as often in CS than in our controls (17.4% vs 7%) and
general sarcoidosis population (7% in previously published
data).[2] However, differences in Z-scores for TLC were not
significant between analyzed groups. Reduction in FEV1

correlated with lower values of LVEF in CS patients, which
can be a partial explanation of observed phenomenon. Data
published by Andrea et al[34] and Baum et al[35] showed, that even
patients with well preserved LVEF may have impaired lung
function.
Reduction in FEV1 can be seen in obstructive and restrictive

lung diseases, and it is therefore considered as a universal
ventilatory disturbance index. We performed multiregression
analysis of the FEV1 and other factors. Cardiac sarcoidosis was
an independent predictor of reduced FEV1. Moreover, there was
also a correlation with lower values of LVEF and FEV1 in CS
patients.
6

A low TL,CO was also more frequent than in our controls (38%
vs 18%) and in the general sarcoidosis population.[2]

Current analysis revealed significantly worse results of PFTs
in CS patients. In contrast, the differences in 6MWT results
were small and their clinical value in predicting CS is limited.
The most significant contrast was seen in desaturation below
90% (10% in CS patients vs 2% in controls), but due to study
design lack of desaturation cannot be regarded as negative
predictor of CS. Moreover, the presence of abnormalities in
6MWT may have many causes depending on different factors
such as lung function, general cardiac status, and respiratory
and skeletal muscle strength.[36,37] Mean values of DSP in our
sarcoidosis cohort was rather high, compared with other
studies, which suggests a good general functional status.[37,38]

However, we did not find differences in DSP between CS-
positive and -negative group.
4.1. Strengths and limitations of the study

Our analysis was performed in 2 large, well defined groups of CS-
positive and CS-negative Caucasian sarcoidosis patients. The
diagnosis or exclusion of cardiac involvement was based on
CMR imaging, one of the best methods for detecting cardiac
involvement in sarcoidosis.[39,40] Moreover, this method allows
one to reliably measure the left ventricular ejection fraction. For
assessing PFTs, we wanted to avoid well known biases and
misclassifications, so we used transformation to Z-scores and the
latest reference values for spirometry and TL,CO.

[19,21,22]

This was a retrospective analysis, thus a prospective study
would be useful to confirm and generalize our observations. We
realize that the collected cohort of patients was partially
preselected. We chose patients who met the criteria established
for this study research, specifically excluding those who did not
have PFTs or had undergone CMR.
Taking into account the results of our analysis, we concluded

that obstructive and restrictive patterns as well as TL,CO

impairment were more frequent in CS vs. patients without
cardiac involvement. Ventilatory lung function impairment
expressed as low FEV1 was associated with more advanced
stage of the disease and lower values of LVEF. TL,CO impairment
was associated with advanced stage and smoking rather than
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cardiac performance. 6MWD was not significantly affected in
sarcoidosis patients irrespective of cardiac involvement.
Acknowledgments

Acknowledgments for all colleagues from 1st and 3rd Department
of LungDiseases inNT&LDRIwho provided and cared for study
patients.
Author contributions

Conceptualization: Magdalena Maria Martusewicz-Boros.
Data curation: Magdalena Maria Martusewicz-Boros, Piotr W.

Boros.
Formal analysis:MagdalenaMariaMartusewicz-Boros, PiotrW.

Boros, Robert P. Baughman.
Investigation: Magdalena Maria Martusewicz-Boros, Piotr W.

Boros, El_zbieta Wiatr, Jacek Zych, Anna Kempisty, Marek
Kram, Dorota Piotrowska-Kownacka, Stefan P. Wesołowski,
Kazimierz Roszkowski-�Sli _z.

Methodology: Magdalena Maria Martusewicz-Boros, Piotr W.
Boros.

Project administration: Magdalena Maria Martusewicz-Boros.
Resources: Magdalena Maria Martusewicz-Boros, Piotr W.

Boros.
Supervision: Magdalena Maria Martusewicz-Boros, Robert P.

Baughman, Kazimierz Roszkowski-�Sli _z.
Validation: Magdalena Maria Martusewicz-Boros, Piotr W.

Boros.
Visualization: Magdalena Maria Martusewicz-Boros, Piotr W.

Boros.
Writing – original draft: Magdalena Maria Martusewicz-Boros.
Writing – review & editing: Magdalena Maria Martusewicz-

Boros, Piotr W. Boros, El_zbieta Wiatr, Jacek Zych, Anna
Kempisty, Marek Kram, Dorota Piotrowska-Kownacka,
Stefan P. Wesołowski, Robert P. Baughman, Kazimierz
Roszkowski-�Sli _z.
References

[1] Statement on sarcoidosis . Joint Statement of the American Thoracic
Society (ATS), the European Respiratory Society (ERS) and the World
Association of Sarcoidosis and Other Granulomatous Disorders
(WASOG) adopted by the ATS Board of Directors and by the ERS
Executive Committee, February 1999. Am J Respir Crit Care Med
1999;160:736–55.

[2] Boros PW, Enright PL, Quanjer PH, et al. Impaired lung compliance and
DL, CO but no restrictive ventilatory defect in sarcoidosis. Eur Respir J
2010;36:1315–22.

[3] Winterbauer RH, Hutchinson JF. Use of pulmonary-function tests in the
management of sarcoidosis. Chest 1980;78:640–7.

[4] Viskum K, Vestbo J. Vital prognosis in intrathoracic sarcoidosis with
special reference to pulmonary function and radiological stage. Eur
Respir J 1993;6:349–53.

[5] Swigris JJ, Olson AL, Huie TJ, et al. Sarcoidosis-related mortality in the
United States from 1988 to 2007. Am J Respir Crit Care Med
2011;183:1524–30.

[6] Iwai K, Sekiguti M, Hosoda Y, et al. Racial difference in cardiac
sarcoidosis incidence observed at autopsy. Sarcoidosis 1994;11:26–31.

[7] Tavora F, Cresswell N, Li L, et al. Comparison of necropsy findings in
patients with sarcoidosis dying suddenly from cardiac sarcoidosis versus
dying suddenly from other causes. Am J Cardiol 2009;104:571–7.

[8] Kandolin R, Lehtonen J, Airaksinen J, et al. Cardiac sarcoidosis:
epidemiology, characteristics, and outcome over 25 years in a nationwide
study. Circulation 2015;131:624–32.
7

[9] Perry A, Vuitch F. Causes of death in patients with sarcoidosis. A
morphologic study of 38 autopsies with clinicopathologic correlations.
Arch Pathol Lab Med 1995;119:167–72.

[10] Mehta D, Lubitz SA, Frankel Z, et al. Cardiac involvement in patients
with sarcoidosis: diagnostic and prognostic value of outpatient testing.
Chest 2008;133:1426–35.

[11] Martusewicz-BorosMM, Boros PW,Wiatr E, et al. Prevalence of cardiac
sarcoidosis in white population: a case-control study: proposal for
a novel risk index based on commonly available tests. Medicine
(Baltimore) 2016;95:e4518.

[12] Martusewicz-Boros MM, Boros PW, Wiatr E, et al. Cardiac sarcoidosis:
is it more common in men? Lung 2016;194:61–6.

[13] Friedrich MG, Sechtem U, Schulz-Menger J, et al. Cardiovascular
magnetic resonance in myocarditis: a JACC White Paper. J Am Coll
Cardiol 2009;53:1475–87.

[14] JudsonMA, Costabel U, Drent M, et al. TheWASOG Sarcoidosis Organ
assessment instrument: an update of a previous clinical tool. Sarcoidosis
Vasc Diffuse Lung Dis 2014;31:19–27.

[15] Schulz-Menger J, Bluemke DA, Bremerich J, et al. Standardized image
interpretation and post processing in cardiovascular magnetic resonance:
Society for Cardiovascular Magnetic Resonance (SCMR) board of
trustees task force on standardized post processing. J Cardiovasc Magn
Reson 2013;15:35.

[16] Miller MR, Hankinson J, Brusasco V, et al. Standardisation of
spirometry. Eur Respir J 2005;26:319–38.

[17] Wanger J, Clausen JL, Coates A, et al. Standardisation of the
measurement of lung volumes. Eur Respir J 2005;26:511–22.

[18] Macintyre N, Crapo RO, Viegi G, et al. Standardisation of the single-
breath determination of carbon monoxide uptake in the lung. Eur Respir
J 2005;26:720–35.

[19] Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference values for
spirometry for the 3-95-yr age range: the global lung function 2012
equations. Eur Respir J 2012;40:1324–43.

[20] Quanjer PH, Tammeling GJ, Cotes JE, et al. Lung volumes and forced
ventilatory flows. Report Working Party Standardization of Lung
Function Tests, European Community for Steel and Coal. Official
Statement of the European Respiratory Society. Eur Respir J Suppl
1993;16:5–40.

[21] Stanojevic S, Graham BL, Cooper BG, et al. Official ERS technical
standards: global Lung Function Initiative reference values for the carbon
monoxide transfer factor for Caucasians. Eur Respir J 2017;50:

[22] Pellegrino R, Viegi G, Brusasco V, et al. Interpretative strategies for lung
function tests. Eur Respir J 2005;26:948–68.

[23] Laboratories ATSCoPSfCPF . ATS statement: guidelines for the six-
minute walk test. Am J Respir Crit Care Med 2002;166:111–7.

[24] Lettieri CJ, Nathan SD, Browning RF, et al. The distance-saturation
product predicts mortality in idiopathic pulmonary fibrosis. Respir Med
2006;100:1734–41.

[25] Baughman RP, Culver DA, Judson MA. A concise review of pulmonary
sarcoidosis. Am J Respir Crit Care Med 2011;183:573–81.

[26] Kandolin R, Lehtonen J, Graner M, et al. Diagnosing isolated cardiac
sarcoidosis. J Intern Med 2011;270:461–8.

[27] Darlington P, Gabrielsen A, Sorensson P, et al. Cardiac involvement in
Caucasian patients with pulmonary sarcoidosis. Respir Res 2014;15:15.

[28] Chapelon-Abric C, de Zuttere D, Duhaut P, et al. Cardiac sarcoidosis:
a retrospective study of 41 cases. Medicine (Baltimore) 2004;83:
315–34.

[29] Nagai T, Kohsaka S, Okuda S, et al. Incidence and prognostic
significance of myocardial late gadolinium enhancement in patients
with sarcoidosis without cardiac manifestation. Chest 2014;146:
1064–72.

[30] Handa T, Nagai S, Ueda S, et al. Significance of plasma Nt-Probnp levels
as a biomarker in the assessment of cardiac involvement and pulmonary
hypertension in patients with sarcoidosis. Sarcoidosis Vasc Diffuse Lung
Dis 2010;27:27–35.

[31] Krell W, Bourbonnais JM, Kapoor R, et al. Effect of smoking and gender
on pulmonary function and clinical features in sarcoidosis. Lung
2012;190:529–36.

[32] Martusewicz-Boros MM, Boros WP, Wiatr E, et al. Bronchial
hyperreactivity in sarcoidosis patients: correlationwith airflow limitation
indices. Sarcoidosis Vasc Diffuse Lung Dis 2012;29:99–106.

[33] Brunnee T, Graf K, Kastens B, et al. Bronchial hyperreactivity in patients
with moderate pulmonary circulation overload. Chest 1993;103:
1477–81.

http://www.md-journal.com


Martusewicz-Boros et al. Medicine (2019) 98:47 Medicine
[34] Andrea R, Lopez-Giraldo A, Falces C, et al. Lung function abnormalities
are highly frequent in patients with heart failure and preserved ejection
fraction. Heart Lung Circ 2014;23:273–9.

[35] Baum C, Ojeda FM, Wild PS, et al. Subclinical impairment of lung
function is related to mild cardiac dysfunction and manifest heart failure
in the general population. Int J Cardiol 2016;218:298–304.

[36] Marcellis RG, Lenssen AF, Elfferich MD, et al. Exercise capacity,
muscle strength and fatigue in sarcoidosis. Eur Respir J 2011;38:
628–34.

[37] Alhamad EH, Shaik SA, Idrees MM, et al. Outcome measures of the
6minute walk test: relationships with physiologic and computed
8

tomography findings in patients with sarcoidosis. BMC Pulm Med
2010;10:42.

[38] Bourbonnais JM, Malaisamy S, Dalal BD, et al. Distance saturation
product predicts health-related quality of life among sarcoidosis patients.
Health Qual Life Outcomes 2012;10:67.

[39] Mantini N, Williams B, Stewart J, et al. Cardiac sarcoid: a Clinician’s
review on how to approach the patient with cardiac sarcoid. Clin Cardiol
2012;35:410–5.

[40] Lynch JP3rd, Hwang J, Bradfield J, et al. Cardiac involvement in
sarcoidosis: evolving concepts in diagnosis and treatment. Semin Respir
Crit Care Med 2014;35:372–90.


	Cardiac sarcoidosis: worse pulmonary function due to left ventricular ejection fraction?
	1 Introduction
	2 Material and methods
	2.1 Patients
	2.2 Cardiac magnetic resonance imaging
	2.3 Pulmonary function tests and 6-minute walking test
	2.4 Statistical analysis
	2.5 Ethics approval and consent to participate

	3 Results
	4 Discussion
	4.1 Strengths and limitations of the study

	Acknowledgments
	Author contributions
	References


