
ORIGINAL ARTICLES

Fragmented QRS Complexes on 12-Lead ECG:
A Marker of Cardiac Sarcoidosis as Detected by
Gadolinium Cardiac Magnetic Resonance Imaging
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Background: Fragmented QRS complexes (fQRS) on a 12-lead ECG are a marker of myocardial scar
in patients with coronary artery disease. Cardiac sarcoidosis is also associated with myocardial gran-
uloma formation and scarring. We evaluated the significance of fQRS on a 12-lead ECG compared
to Gadolinium-delayed enhancement images (GDE) in cardiac magnetic resonance imaging (CMR).

Method and results: The ECGs of patients (n = 17, mean age: 52 ± 11 years, male: 53%) with
established diagnosis of sarcoidosis who underwent a CMR for evaluation of cardiac involvement
were studied. ECG abnormalities included bundle branch block, Q wave, and fQRS. fQRS, Q wave,
and bundle branch block were present in 9 (53%), 1 (6%), and 4 (24%) patients, respectively. The
sensitivity and specificity of fQRS for detecting abnormal GDE were 100% and 80%, respectively.
Sensitivity and specificity of Q waves were 11% and 100%, respectively.

Conclusions: fQRS on a 12-lead ECG in patients with suspected cardiac sarcoidosis are associated
with cardiac involvement as detected by GDE on CMR.
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Cardiac involvement of sarcoidosis is found in
20% to 30% of sarcoidosis patients by autopsy.
However, only 5–7% of patients with sarcoidosis
are clinically symptomatic from cardiac involve-
ment.1–4 These patients have a poor prognosis.2

Myocardial biopsy is the definitive diagnostic pro-
cedure for cardiac sarcoidosis; however, it is lim-
ited by its invasive nature and lack of sensitivity
(<25%).5 Therefore, diagnosis of cardiac sarcoido-
sis is made by a combination of clinical findings
and imaging studies.6 Recently, many studies have
demonstrated the ability of cardiac magnetic res-
onance imaging (CMR) with Gadolinium-delayed
enhancement images (GDE) in detecting myocar-
dial involvement in sarcoidosis.7–12

Address for reprints: Mithilesh Kumar Das, M.D., F.A.C.C., Associate Professor of Clinical Medicine, Krannert Institute of Cardiology,
Chief, Cardiac Electrophysiology, Roudebush VA Medical Center, Indiana University School of Medicine, 1800 North Capitol Avenue,
Indianapolis, IN 46202. Fax: 317-962-0100; E-mail: midas@iupui.edu

The authors have no conflicts of interest to disclose.

The presence of a terminal conduction delay
with QRS duration of ≤120 ms or an altered QRS
morphology without the development of a typical
bundle branch have been shown to be markers
of altered ventricular depolarization from delayed
Purkinje myocardial fiber conduction around
regions of a healed myocardial scar.13,14 We have
demonstrated that these fragmented QRS com-
plexes (fQRS) on a 12-lead ECG are associated with
a greater presence of myocardial scarring in pa-
tients evaluated for coronary artery disease (CAD)
with stress single-photon emission computed to-
mography imaging.15 Therefore, we hypothesized
that fQRS are a useful clinical tool for detecting my-
ocardial involvement in patients with sarcoidosis.
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METHOD

Study Population

Patients with biopsy-proven extracardiac sar-
coidosis who had CMR with GDE between De-
cember 2005 and April 2008 to evaluate for car-
diac sarcoidosis were included. The study protocol
was approved by the institutional review board of
Indiana University.

ECG Criteria for fQRS (RSR’ Pattern
and Its Variants)

The resting baseline 12-lead ECG (Model Mac
5000; filter range, 0.05 to 100 Hz; AC filter, 60 Hz,
25 mm/s, 10 mm/mV; GE, Marquette, Wisconsin,
WI, USA) was analyzed by two independent read-
ers blinded to the CMR findings. Any disagree-
ment was resolved by mutual consent. The fQRS
pattern includes various morphologies of the QRS
complexes (QRS duration of <120 ms). It was de-
fined by the presence of an additional R wave (R′),
notching in the nadir of the S wave, or the pres-
ence of >1 R′ (fragmentation) in two contiguous
leads (Fig. 1).15 Bundle branch block (BBB) is al-
ready associated with two R waves, therefore, frag-
mentation of QRS in presence of bundle branch
block (fBBB) was defined by the presence of >2 R’,
>2 notches in the R wave, or >2 notches in the
nadir of S wave, in at least two contiguous leads.16

fQRS patterns in two or more contiguous ante-
rior leads (V1 to V5) were assigned to the ante-
rior segment. fQRS patterns in the lateral leads (I,
aVL, V5, and V6) were assigned to the lateral seg-
ment, and those in the inferior leads (II, III, and
aVF) were assigned to the inferior segment (Fig. 2).
Although we recognize that there is often con-
siderable overlap in the regional myocardial scar
distribution, the aforementioned assignments were
thought to be most appropriate for clinical correla-
tion and myocardial scar location. The fQRS may
also be seen in >1 myocardial region in the same
patient.

Figure 1. Different morphologies of fragmented QRS on
a 12-lead ECG.

CMR

CMR was performed in single breath-hold se-
quences using Siemens, Avanto 1.5 T scanner
(Siemens AG, Muenchen, Germany). Steady-state
free-precession sequence and Gradient Echo cine
images were obtained in the four- and two-chamber
planes and in the short-axis plane (8–10 mm thick-
ness, minimum 10 slices from the base to the apex
of the left ventricle) for analysis of volumes and
global function. Delayed post- chelated Gadolin-
ium contrast (0.1 mmol/kg, gadoteridol, ProHance,
Byk Gulden Lomberg Chemische Fabrik GmbH,
Singen, Germany) enhancement imaging (GDE) im-
ages were acquired starting at 10 minutes post con-
trast administration. Segmented single- breath-hold
T1-weighted inversion recovery pulse sequence
was used for GDE assessment. The inversion delay
time (TI) was optimized to “null” the normal my-
ocardium magnetization to be at zero. TI times and
the phase encoding directions were changed during
examination to optimize the nulling of the normal
myocardium. The extent and pattern of contrast en-
hancement were analyzed by experienced readers.
Presence of patchy mid- to subepicardial enhance-
ment of the contrast was considered as a marker
for myocardial involvement of sarcoidosis (Fig. 2).
No quantitative analysis of the extent of GDE was
performed.

Clinical Data and Follow-Up

Medical Records were reviewed to obtain sig-
nificant past medical history and medication pro-
file. Patients were followed after the CMR study;
events (death, arrhythmia, and heart failure) were
recorded for each patient.

Statistical Analysis

Independent-sample t-tests were used to com-
pare continuous variables. Values were expressed
as mean ± standard deviation. Categorical vari-
ables were compared using Fisher’s exact test. Sen-
sitivity was defined as the number of true-positive
tests divided by the total number of patients with
abnormal GDE on CMR. Specificity was defined as
the number of true-negative tests divided by the
total number of patients with normal CMR. For all
tests, a probability value <0.05 was considered sig-
nificant. SPSS 15.0 (SPSS Inc., Chicago, IL, USA)
was used for analysis.



A.N.E. � October 2009 � Vol. 14, No. 4 � Homsi, et al. � Fragmented QRS in Cardiac Sarcoidois � 321

Figure 2. Example of sarcoidosis patient with fragmented QRS complex on 12-lead ECG and CMR abnor-
malities concerning for cardiac involvement of sarcoidosis.

RESULTS

Patients Characteristics

Seventeen patients with sarcoidosis underwent
CMR. Mean age was (52 ± 11 years) and 9 pa-

Table 1. The Demographics and the Clinical Characteristics of the Patients

Total Patients fQRS Group Non-fQRS
(n = 17) (n = 9) Group (n = 8) P Value

Age (mean ± SD) 52 ± 11 years 53 ± 11 48 ± 11 0.22
Male 9 (53%) 4 (44%) 5 (63%) 0.39
Hypertension 4 (24%) 1 (11%) 3 (38%) 0.24
Diabetes 5 (30%) 2 (22%) 3 (38%) 0.44
Dyslipidemia 3 (18%) 2 (22%) 1 (13%) 0.55
Known CAD 3 (18%) 2 (22%) 1 (13%) 0.55
Heart failure 4 (24%) 3 (33%) 1 (13%) 0.33
Beta-blockers 4 (24%) 3 (33%) 1 (13%) 0.33
ACEI/ARB 2 (12%) 1 (11%) 1 (13%) 0.74
Aspirin 7 (41%) 4 (44%) 3 (38%) 0.58
Clopidogrel 3 (18%) 2 (22%) 1 (13%) 0.54
Statin 4 (24%) 2 (22%) 2 (25%) 0.67
Ejection fraction (mean ± SD) 54 ± 12 52 ± 12 55 ± 12 0.59
Abnormal GDE 7 (41%) 7 (78%) 0 (0%) 0.002
Bundle branch block 4 (24%) 2 (22%) 2 (25%) 0.66

ACEI = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; fQRS = fragmented QRS complexes;
GDE = gadolinium delayed enhancement.

tients (53%) were male. Table 1 summarizes the
demographics and the clinical characteristics of
the patients. Table 2 summarizes the electrocar-
diographic, CMR, and clinical data of the patients.
Three patients had CAD. The mean left ventricular
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Table 2. The Clinical, Electrocardiographic, and CMR Data of the Patients

Age Additional Left Ventricular
(Years) Sex Medical History CMR GDE Function Electrocardiography

1 49 Male - Ant, lat, and inf EF: 58%, no WMA fQRS: lat, inf
2 54 Male - Ant EF: 66%, no WMA fQRS: Ant; RBBB
3 50 Female - Ant, inf EF: 54%, no WMA fQRS: Ant
4 49 Female - Ant, inf EF: 58%, no WMA fQRS: inf
5 57 Female CAD Midwall: inf

subend: inf/lat
EF: 44%, global

hypokinesis
Q Wave: inf
fQRS: inf

6 52 Male CHF Diffuse EF%: 42%, global
hypokinesis

RBBB, fQRS: ant, inf

7 65 Male CAD, CHF, DM,
dyslipidemia

Midwall: ant
subend: inf

EF: 27%, inferior
hypokinesis

fQRS: inf

8 78 Female DM, dyslipidemia Normal EF: 59%, LVH fQRS: Ant, Inf
9 43 Female - Normal EF: 61% fQRS: Inf

10 60 Male HTN, DM, CAD,
CKD

Normal EF: 32% no fQRS

11 58 Male HTN, DM,
dyslipidemia

Normal EF%: 45% RBBB, no fQRS

12 34 Male - Normal EF: 57% no fQRS
13 56 Male - Normal EF: 58% no fQRS
14 60 Female HTN, DM Normal EF: 63% no fQRS
15 37 Female - Normal EF: 72% no fQRS
16 45 Female - Normal EF: 62% RBBB, no fQRS
17 39 Male - Normal EF: 54% no fQRS

Ant = anterior; CMR = cardiac magnetic resonance imaging; CAD = coronary artery disease; CKD = chronic kidney disease;
DM = diabetis melitus; EF = ejection fraction; fQRS = fragmented QRS complexes; GDE = gadolinium delayed enhancment;
HTN = hypertension; inf = inferior; lat = lateral; LVH = left ventricular hypertrophy; RBBB = right bundle branch block; subend =
subendocardial; WMA = wall motion abnormality.

ejection fraction was (54% ± 12), 2 patients had
global hypokinesis and 1 had regional wall motion
abnormalities.

Electrocardiographic and CMR Findings

fQRS was present in 9 patients (53%) and Q wave
was present in 1 patient (6%) on a routine 12-
lead ECG. Four patients (24%) had bundle branch
block (Tables 1 and 2). Seven patients (41%) had
abnormal GDE suggestive for cardiac sarcoidosis.
All patients had patchy midwall to subepicardial
GDE pattern. Two patients with known CAD had
mixed GDE pattern with patchy midwall enhance-
ment consistent with cardiac sarcoidosis as well as
subendocardial GDE pattern consistent with a prior

Table 3. Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of fQRS and Q Wave

Sensitivity Specificity PPV NPV P Value

fQRS 100% 80% 78% 100% 0.002
Q wave 11% 100% 100% 67% 0.53

PPV = positive predictive value; NPV = negative predictive value.

myocardial infarction scar. Seven patients (78%)
of the 9 patients with fQRS had abnormal GDE,
whereas none of the 8 patients without fQRS had
abnormal GDE (P = 0.002). Table 1 summarizes
the characteristics of the patients with fQRS versus
the patients without fQRS. There was no signif-
icant difference between the fQRS group and the
non-fQRS group in their clinical characteristics and
left ventricular systolic function.

Sensitivity and Specificity of fQRS
as a Marker of an Abnormal GDE

Sensitivity of fQRS and Q wave for abnormal
GDE were 100% and 11%, respectively (Table 3).
The specificity (80%) of fQRS was lower than that
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Figure 3. Myocardial biopsy from the apex showing nonnecrotizing granulomas
composed of epithelioid histiocytes and giant cells consistent with myocardial
sarcoidosis.

of Q wave (100%). The positive predictive value
and negative predictive value of fQRS as indicator
for abnormal GDE were 78% and 100%, respec-
tively. Whereas, the positive predictive value and
negative predictive value of Q wave were 100%
and 50%, respectively.

Correlation of Regional fQRS and CMR

Of 4 patients with anterior fQRS, 3 patients had
abnormal GDE of the anterior wall. One patient
had lateral fQRS that was associated with abnormal
GDE of the lateral wall. Whereas, of 7 patients with
inferior fQRS, 5 patients had an abnormal GDE of
the inferior segment. On the other hand, 3 patients
with anterior and 1 patient with inferior abnormal
GDE did not correlate with fQRS in the correspond-
ing leads.

Follow-Up Data

One patient was lost to follow-up. There was a to-
tal of 4 cardiac events recorded (2 deaths and 2 hos-
pitalization for heart failure) during the follow-up
period (1.2 ± 0.7) years. Three out of the 4 events
were in the fQRS group (33%) and only 1 event

was in the non-fQRS group (13%), P = 0.05. Patient
number 6 (Table 2) developed progressive left ven-
tricle systolic heart failure 1 year after the CMR
study. He required implantation of left ventricle
assist device as a bridge for heart transplant. The
biopsy from the apical myocardial tissue showed
noncaseating granuloma confirming the diagnosis
of cardiac sarcoidosis (Fig. 3).

DISCUSSION

ECG abnormalities in sarcoidosis include com-
plete right bundle branch block, left axis devia-
tion, atrioventricular block, premature ventricu-
lar contraction, ventricular tachycardia, abnormal
Q wave, or ST-T changes.3,17–24 These ECG abnor-
malities are part of the Japanese Ministry of Health
and Welfare Guidelines for diagnosing cardiac sar-
coidosis (Table 4).6 However, no specific or sen-
sitive ECG signs of cardiac sarcoidosis have been
described.

Our study demonstrates that fQRS is associated
with abnormal GDE on CMR, which is an indi-
cator of cardiac sarcoidosis.3,7,9–12 This association
also seems to be present regionally between the
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Table 4. Guidelines for Diagnosing Cardiac Sarcoidosis (from the Japanese Ministry of Health and Welfare)

1. Histologic diagnosis group
Cardiac sarcoidosis is confirmed when histologic analysis of operative or endomyocardial biopsy specimens
demonstrates epithelioid granuloma without caseating granuloma

2. Clinical diagnosis group
In patients with a histologic diagnosis of extracardiac sarcoidosis, cardiac sarcoidosis is suspected when item
(a) and one or more of items (b) though (e) are present

(a) Complete right bundle branch block, left axis deviation, atrioventricular block, ventricular tachycardia,
premature ventricular contraction, or abnormal Q or ST-T change on the ECG or ambulatory ECG

(b) Abnormal wall motion, regional wall thinning, or dilatation of the left ventricle
(c) Perfusion defect by thallium-201 myocardial scintigraphy or abnormal accumulation by gallium-67 or

technetium-99m myocardial scintigraphy
(d) Abnormal intracardiac pressure, low cardiac output, or abnormal wall motion or depressed ejection

fraction of the left ventricle
(e) Interstitial fibrosis or cellular infiltration over moderate grade even if the findings are nonspecific

site of abnormal GDE and the correlating ECG
leads in the majority of patients. Most of our
patients were asymptomatic or minimally symp-
tomatic without any significant ECG signs of car-
diac sarcoidosis such as atrioventricular block or
sustained or nonsustained ventricular tachycardia.
Therefore, fQRS, which represents abnormal GDE,
is likely to represent early cardiac involvement
without any significant cardiac symptoms. Myocar-
dial biopsy was available in 1 patient that verified
the diagnosis of cardiac sarcoidosis.

CMR

Recently, CMR has been used more to assist
with cardiac sarciodosis diagnosis. Smedema et al.
showed 100% sensitivity and 78% specificity of
CMR in cardiac sarcoidosis.12 Previously, Shimada
et al. showed the correction of CMR findings in
a series of 8 patients with histology-proven car-
diac sarcoidosis.8 CMR has better spatial reso-
lution compared to nuclear studies.25 Therefore,
CMR is able to detect small myocardial lesions
that are difficult to detect by nuclear studies. Also,
CMR can characterize the structure of the my-
ocardium and the extent and pattern of the my-
ocardial lesions that help in differentiating between
ischemic-related and non-ischemic-related myocar-
dial disease.

Fragmented QRS Complexes

Fragmentation of QRS complexes has been
shown to be associated with a remote myocardial
scar in previous studies and in computer mod-
els.14,26–28 This concept was also supported by
studies with spectral analysis of high-frequency

electrograms that revealed increased notches and
or “slurring” in the electrograms after myocardial
injury.29 The possible mechanism of fragmenta-
tion is supported by autopsies of patients with
myocardial infarction that confirmed significant
myocardial necrosis, with “islands” of viable my-
ocardial tissue interspersed in abundant fibrous
tissue. The islands of chronically ischemic my-
ocardium display slow activation as a result of par-
tially depolarized and depressed action potential
upstroke velocities. This is probably responsible
for the inhomogeneous activation of the left ven-
tricle and fragmentation in the QRS complex on a
surface 12-lead ECG.13 The fQRS is also present in
patients with dilated cardiomyopathy, and it is as-
sociated with significantly higher rates of arrhyth-
mic events in these patients. Similarly, myocardial
scar is also present in patients with valvular heart
disease, congenital heart disease, myocarditis, and
rare myocardial diseases (e.g., Chagas disease and
Kawasaki disease). fQRS in sarcoidosis probably
represents granuloma and/or fibrosis.

Clinical Implications

Patients with cardiac involvement of sarcoido-
sis have worse survival compared to patients with-
out cardiac involvement.2 Those patients with car-
diac sarcoidosis require more aggressive use of
corticosteroid, immunosuppressive, and immune
modulator agents. Therefore, early diagnosis is
crucial and should be made accurately. Unfortu-
nately, diagnosis of cardiac sarcoidosis is often
difficult. There is no single sensitive and specific
diagnostic test for cardiac sarcoidosis. Combina-
tion of clinical data and judicious investigation
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(electrcardiographic, echocardiographic, and more
recently CMR) is required to make the diagnosis.
The presence of fQRS on a routine 12-lead ECG
may identify preclinical cardiac sarcoidosis. fQRS
can be detected from a 12-lead ECG that is sim-
ple, cheap, and readily available. Also, recogniz-
ing these fragmentations does not require much
expertise. These advantages (simple, easily inter-
pretable, available, inexpensive, and noninvasive)
make fQRS a potential tool in clinical practice.

Limitations

Our study is a retrospective analysis of a small
number of sarcoidosis patients. The correlation
with myocardial biopsies was available in one case
only. Sarcoidosis is not a common disease and my-
ocardial biopsy is invasive and has poor sensitivity
(<25%). A multicenter collaboration would likely
be required to conduct a study with larger patient
population. Qualitative and not absolute quantita-
tive GDE analysis was performed as the enhance-
ment patterns were patchy and ill defined. There
are no available definitive and easily performed
quantitative GDE methods by CMR.12

In our study, fQRS was present in asymptomatic
patients with preclinical cardiac sarcoidosis. How-
ever, it is still unclear whether fQRS precedes the
GDE changes or follows them. The natural history
of fQRS is also unknown. Studies have showed that
treatment of cardiac sarcoidosis is associated with
improvement and sometimes total resolution of the
abnormal GDE. The effect of treatment on fQRS is
unknown.

Conclusion

fQRS on a 12-lead ECG in patients with sarcoido-
sis signifies cardiac involvement as detected by
GDE on CMR. We, therefore, recommend CMR
study for detection of myocardial involvement in
patients with known sarcoidosis who have fQRS in
their ECG.
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