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Cardiac Magnetic Resonance Imaging—
Based Screening for Cardiac Sarcoidosis
In Patients With Atrioventricular Block
Requiring Temporary Pacing

Aino-Maija Vuorinen “*/, MD; Jukka Lehtonen, MD, PhD; Sami Pakarinen, MD, PhD; Miia Holmstrém, MD, PhD;
Sari Kivistd, MD, PhD; Touko Kaasalainen “*, PhD

BACKGROUND: Some myocardial diseases, such as cardiac sarcoidosis, predispose to complete atrioventricular block. The
European Society of Cardiology Guidelines on cardiac pacing in 2021 recommend myocardial disease screening in patients
with conduction disorder requiring pacemaker with multimodality imaging, including cardiac magnetic resonance (CMR) imag-
ing. The ability of CMR imaging to detect myocardial disease in patients with a temporary pacing wire is not well documented.

METHODS AND RESULTS: Our myocardial disease screening protocol is based on using an active fixation pacing lead connected
to a reusable extracorporeal pacing generator (temporary permanent pacemaker) as a bridge to a permanent pacemaker.
From 2011 to 2019, we identified 17 patients from our CMR database who underwent CMR imaging with a temporary per-
manent pacemaker for atrioventricular block. We analyzed their clinical presentations, CMR data, and pacemaker therapy. All
CMRs were performed without adverse events. Pacing leads induced minor artifacts to the septal myocardial segments. The
extent of late gadolinium enhancement in CMR imaging was used to screen patients for the presence of myocardial disease.
Patients with evidence of late gadolinium enhancement underwent endomyocardial biopsy. If considered clinically indicated,
also 18-F-fluorodeoxyglucose positron emission tomography and extracardiac tissue biopsy were performed if sarcoidosis
was suspected. Eventually, 8 of 17 patients (47.1%) were diagnosed with histologically confirmed granulomatous inflamma-
tory cardiac disease. Importantly, only 1 had a previously diagnosed extracardiac sarcoidosis at the time of presentation with
high-degree atrioventricular block.

CONCLUSIONS: CMR imaging with temporary permanent pacemaker protocol is an effective and safe early screening tool for
myocardial disease in patients presenting with atrioventricular block requiring immediate, continuous pacing for bradycardia.
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See Editorial by Wald et al.

ular block (AVB) can be an early manifestation of
myocardial disease caused by acute or chronic
myocarditis or genetic disorder.:? Early-onset, high-
degree AVB, either isolated or with decreased left
ventricular function, should prompt consideration for

Early-onset, progressive, high-degree atrioventric-

advanced tissue imaging of the heart according to cur-
rent European Society of Cardiology guidelines on car-
diac pacing.?

Cardiac magnetic resonance (CMR) imaging can be
performed safely in patients with a permanent cardiac
implantable electronic device (CIED) when a dedicated
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CLINICAL PERSPECTIVE

What Is New?

e Bradycardic atrioventricular block (AVB) requiring
urgent pacing can be temporarily treated with ac-
tive fixation pacing lead connected to an extra-
corporeal pacing generator located on the neck.

e Cardiac magnetic resonance imaging of patients
with a temporary active fixation pacing lead is
safe, and image quality is sufficient for diagnostic
purposes.

¢ Imaging-guided diagnostic protocol of AVB re-
quiring urgent temporary pacing detected granu-
lomatous inflammatory cardiac disease in 47.1%,
and all patients except 1 did not have a history of
extracardiac sarcoidosis.

What Are the Clinical Implications?

e Cardiac magnetic resonance imaging—based
myocardial disease screening is a useful
method in the assessment of patients with AVB
requiring urgent pacing.

e Cardiac sarcoidosis is not an uncommon cause
of AVB in patients with high-degree bradycardic
AVB.

e Determining the etiology of AVB before the
implantation of a permanent pacemaker is im-
portant, as cardiac sarcoidosis is an arrhythmo-
genic cardiomyopathy, and early implantation of
an implantable cardioverter-defibrillator is likely
to improve the prognosis.

Nonstandard Abbreviations and Acronyms

AVB atrioventricular block

CS cardiac sarcoidosis

EMB endomyocardial biopsy
FDG-PET 18-F-fluorodeoxyglucose positron

emission tomography

GCM giant cell myocarditis

1Q image quality

LGE late gadolinium enhancement
TPPM temporary permanent pacemaker

safety protocol is followed.>> However, CMR image
quality (IQ) may be compromised in patients with CIED
because of artifacts induced by the pacing device gen-
erator or pacing leads.®” Traditional temporary pace-
makers with floating pacing leads are considered an
absolute contraindication because of safety hazards
concerning especially excessive heating of the lead
tip in ex vivo models.®? Floating pacing leads can be

J Am Heart Assoc. 2022;11:e024257. DOI: 10.1161/JAHA.121.024257

implanted at the bedside, but the disadvantage is that
the patient must stay on bed rest because of the risk
for displacement and failure. In contrast, in the tempo-
rary permanent pacemaker (TPPM) approach, actively
fixated leads, dedicated for permanent pacing, con-
nected to a reusable extracorporeal pacing generator,
have a lower risk for lead displacement (Figure 1).910

Here, we report our clinical protocol for CMR-based
testing for myocardial disease in the setting of brady-
cardic AVB requiring urgent temporary pacing for se-
vere bradycardia. We also evaluated the safety and 1Q
of CMR in this setting.

METHODS

The authors declare that all supporting data are available
within the article. This retrospective study on clinical mag-
netic resonance imaging (MRI) examinations on adult pa-
tients with CIED performed at Meilahti Helsinki University
Hospital between November 2011 and October 2019
was approved by the Helsinki University Hospital Medical
Imaging Center review board. No informed consent was
required. The data cannot be made available to other
researchers for purposes of reproducing the results be-
cause of restrictions imposed by the research permit.
Individual-level data cannot be shared openly.

Study Design

All clinically indicated CMR imaging conducted on
patients with TPPM for high-degree AVB and per-
formed at Meilahti Helsinki University Hospital between
November 2011 and October 2019 were included in
this observational retrospective study. All CMR exami-
nations were performed with a 1.5T system (Siemens
MAGNETOM Avanto that was updated to a Siemens

Right internal
jugular vein

Figure 1. Schematic representation of a temporary
permanent pacemaker with an active fixation lead.
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MAGNETOM Avanto™ in summer 2013 [both from
Siemens Healthcare, Erlangen, Germanyy)).

The following information was collected from the
electronic medical record: patients’ date of birth, sex,
pacing device generator model, pacing lead model,
date of the pacing device implantation, site of the pac-
ing device generator, indication for TPPM treatment,
permanent CIED model, date of the CMR scan, infor-
mation of the pacing device interrogation before and
after the CMR scan, findings of diagnostic tests of
cardiac inflammatory disease (CMR, endomyocardial
biopsy [EMB], and 18-F-fluorodeoxyglucose positron
emission tomography, [FDG-PET]), and clinical diagno-
sis underlying AVB. The electronic medical record was
searched in particular for any pacing device-related
safety hazards or adverse outcomes during or after the
CMR scan, such as generator failure; power-on reset;
clinically relevant changes in the pacing threshold or
sensing that required system revision or programming
changes, unexpected battery depletion, and inhibition
of pacing; and patient-reported events such as dis-
comfort, pain, a warm sensation in the location of the
device, and palpitation.

MRI Safety Protocol

CMR imaging in patients with TPPM was performed ac-
cording to our institutional MRI with CIED safety proto-
col. The MRI examinations of patients with a CIED were
started at Helsinki University Hospital in November
2011 according to the safety protocol presented in
detail earlier.3 According to the institutional safety pro-
tocol, if MRI is considered to be the imaging method
of choice, the MRI examination time is scheduled at
least 6 weeks after the pacing device installation un-
less there is an urgent clinical need for an earlier MRI
examination. Patients with an urgent clinical need for an
earlier MRI examination were scanned according to the
same safety protocol as other patients. The CIED was
programmed before the MRI scan and reprogrammed
immediately after the MRI scan by cardiologist. During
the MRI scan, patients were monitored with ECG,
pulse oximeter and with visual and audio communica-
tion. The radiographers performed the MRI acquisition.
Radiologist, cardiologist, and physicist were available
upon request, but they did not supervise the MRI scan.

CMR Protocol

The CMR study protocol typically consisted of local-
izer imaging; cine imaging in 2-chamber, 3-chamber,
4-chamber, short-axis and right ventricular outflow
tract directions; T2-weighted turbo spin echo imag-
ing; rest first-pass perfusion imaging; and late gado-
linium enhancement (LGE) imaging. For the cine and
LGE imaging, balanced steady-state free precession
sequences were used.

J Am Heart Assoc. 2022;11:e024257. DOI: 10.1161/JAHA.121.024257
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Image Analysis
The volumetric analysis was performed using QMass
MR software version 7.6 (Medis Medical Imaging
Systems, Leiden, The Netherlands). In patients with
visually detectable LGE, the quantitative analysis of
LGE sequences was performed computationally with
the QMass MR software, using the 5 SDs method."
IQ was evaluated by 1 experienced radiologist,
specialized in CMR (>10 years of experience). A 4-
point grading scale was used (1=very good 1Q, no
artifacts affecting cardiac anatomy; 2=good/average
IQ, artifacts slightly interfering with cardiac anatomy;
3=below-average 1Q, artifacts moderately affecting
cardiac anatomy; 4=poor IQ, artifacts severely affect-
ing cardiac anatomy) to visually evaluate the effects of
TPPM-related artifacts on cine and LGE images. The
evaluations were performed in short-axis views of the
myocardium. The 17-segment model (American Heart
Association) was used to detect regional differences in
artifacts. The area of the susceptibility artifact induced
by the pacing lead tip was measured. Also, the TPPM
generator distance from the heart was measured from
the coronal localizer images of the CMR: The shortest
distance from the middle of the signal-void area artifact
induced by the TPPM generator to the heart border
was measured.

Data Analysis
The numerical results are given as mean+SD, as ap-

propriate. Data were analyzed with SPSS version 25.0
(IBM SPSS Statistics for Windows, Armonk, NY).

RESULTS

Between November 2011 and October 2019, a total
of 2338 MRI examinations, including 260 CMR exami-
nations, were conducted on adult patients with CIED
at Helsinki University Hospital. Of CMR examinations,
9.2% (24/260) were performed on patients with a
TPPM. Seventeen CMR examinations were completed
on adult patients with a TPPM for bradycardic AVB. Of
these patients, 58.8% (n=10) were women. The mean
age of patients at the time of CMR was 47.8+14.0 years
(range, 28-71 years) (Table 1). One patient had previ-
ously diagnosed extracardiac sarcoidosis at the time
of presentation.

All CMR examinations in patients with TPPM were
performed safely without any adverse events. No clin-
ically significant pacing lead parameter changes were
detected after the CMR examinations. On average,
the time from TPPM placement to the CMR scan was
2.6+1.9 days (range, 0—6 days). The data on TPPM gen-
erators, active fixation pacing leads, and venous access
used on TPPM implantation are provided in Table 2.
One patient had a TPPM generator placed on the left
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Table 1. Selected Characteristics of the Patient Cohort

N=17 Mean SD Range
LVEDV, mL 183.8 75.3 76-412
LVEDV, mL/m? 91.8 28.4 47-166
LVEF, % 46.3 13.3 22-66

RVEDV, mL 151.9 52.0 78-305
RVEDV, mL/m? 74.0 19.9 48-123
RVEF, % 52.0 1.5 26-65

LVEDV indicates left ventricular end- diastolic volume; LVEF, left ventricular
ejection fraction; RVEDV, right ventricular end-diastolic volume; and RVEF,
right ventricular ejection fraction.

side of the neck, while the rest had the generator placed
on the right side on the neck or pectoral or shoulder
area. One CMR study was performed without contrast
agent because the patient was pregnant. The artifacts
caused by the TPPM generator did not interfere with the
myocardium in cine or LGE sequences (Figures 2 and
3). Only the pacing leads induced mainly minor artifacts
to the septal segments of the myocardium (segments
2,3, 8,9, and 14, as described in the American Heart
Association 17-segment model) in both cine and LGE
sequences (Table 3, Figures 2 and 3).

Table 2. Generator Model, Pacing Lead Modes, and
Venous Access Used in TPPM Implantation

TPPM generator model

=

Biotronik Effecta SR

Biotronik Enticos 4 DR

Biotronik Enticos 4 SR

Boston Scientific Altrua

Boston Scientific Essentio

Medtronic Adapta

St. Jude Medical (specific model not available)

St. Jude Medical Accent DR RF

St. Jude Medical Accent MRI 1224

St. Jude Medical Assurity

St. Jude Medical Assurity MRI

Vitatron G20A1 SR

Vitatron 620 SR

N =2 |alalp]=|N 222

N/A

Total

—_
J

TPPM pacing lead model

St. Jude Medical Tendril STS2088 TC 58 cm 10
N/A 7
Total 17

TPPM venous access

Right internal jugular vein 13
Right axillary vein 3
Left internal jugular vein 1
Total 17

N/A indicates not available; and TPPM, temporary permanent pacemaker.
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Reduced left ventricular ejection fraction with LGE
or LGE alone in CMR was used to decide whether to
perform EMB. EMB based on CMR findings was per-
formed on 11 patients. One EMB was performed on
a patient with ventricular arrhythmias and AVB. This
patient did not have visually detectable LGE in CMR. In
this case, FDG-PET was highly suggestive of cardiac
inflammation (Table 4). Of these 12 patients, 4 (33.3%)
had histology that was positive for cardiac sarcoidosis
(CS) and 1 for giant cell myocarditis (GCM). If EMB was
negative, we performed FDG-PET to detect any ext-
racardiac sign of inflammatory disease. Thus, 3 cases
were diagnosed with CS from FDG-PET—positive me-
diastinal lymph node histologic samples. Altogether,
471% of the patients were diagnosed with histologi-
cally confirmed granulomatous inflammatory cardiac
disease: 7 patients with CS and 1 patient with GCM.
Additionally, 1 patient was highly suspected of having
CS on the basis of LGE in CMR and FDG-PET-positive
mediastinal lymph nodes, but EMB from the right
ventricle was nondiagnostic and the patient refused
mediastinoscopy and remained without histologic con-
firmation of sarcoidosis.

In patients with CS/GCM, 3 of 8 had an indication for
secondary prevention of ventricular arrhythmias and 5
of 8 had a CIED with defibrillation function (implantable
cardioverter-defibrillator [ICD] or cardiac resynchroni-
zation therapy defibrillator) installed for primary pre-
vention. In the patient group with CS/GCM who were
followed up for 325 months after permanent CIED im-
plantation, 2 patients with CS and 1 patient with GCM
had a pacing device—treated ventricular tachycardia or
ventricular fibrillation. No sustained ventricular tachy-
cardia or ventricular fibrillation was noticed during
follow-up time 288 months after permanent CIED im-
plantation in the patients not diagnosed with CS or
GCM (n=9).

DISCUSSION

Temporary floating pacing wires are not MRl safe; con-
sequently, CMR in patients requiring urgent pacing for
severe bradycardia has not been possible.®® According
to European Society of Cardiology guidelines on car-
diac pacing, patients with early-onset AVB requiring a
pacemaker should be investigated with advanced car-
diac imaging to detect underlying myocardial disease.?
In early-onset AVB, CS is probably the most common
myocardial disease.'> We describe a CMR with TPPM-
based screening protocol for myocardial disease in
patients with bradycardic AVB requiring urgent con-
tinuous pacing. We observed no adverse effect on the
heart by CMR. Pacing leads caused minor artifacts in
the septal segments in both cine and LGE sequences.
Lack of LGE, normal wall structure, and normal left
ventricular ejection fraction excluded the possibility
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Figure 2. Presentation of cardiac magnetic resonance image quality (1Q) in patients with temporary permanent pacemaker.
1Q was evaluated by segments according to the 17-segment model (AHA, American Heart Association, A) IQ in the short axis plane
in cine (B) and late-gadolinium enhancement (LGE; C) sequences are presented. The frequency of each IQ grade per segment is
presented on the bar charts. 1=very good IQ, no artifacts affecting cardiac anatomy; 2=good/average 1Q, artifacts slightly interfering
with cardiac anatomy; 3=below-average 1Q, artifacts moderately affecting cardiac anatomy; 4=poor IQ, artifacts severely affecting

cardiac anatomy.

of cardiac inflammatory disease in all but 1 patient.
If CS was suspected, EMB was performed for histo-
logic verification. If the EMB was negative for granu-
lomatous inflammation, FDG-PET was performed, and
extracardiac histologic diagnosis was searched as CS
extracardiac disease by imaging is seen in >70% of
the patients.’”® With this diagnostic protocol, we iden-
tified granulomatous inflammatory cardiac disease in
471% of patients: 7 cases with CS and 1 with GCM.
In all but in 1 case, CS presented with cardiac symp-
toms without any prior history of sarcoidosis. Thus,
histologic confirmation of granulomatous inflamma-
tion was necessary. Treatment for CS, an arrhythmo-
genic inflammatory cardiomyopathy, comprises an
ICD and immunosuppressive therapy.' Patients with
CS presenting with AVB are at risk for life-threatening
ventricular arrhythmias and sudden cardiac death in
addition to being at risk for heart failure. The risk of

J Am Heart Assoc. 2022;11:e024257. DOI: 10.1161/JAHA.121.024257

sudden cardiac death is 9% to 14% if AVB is initially ac-
companied by no arrhythmias and no or mild to mod-
erate left ventricular dysfunction only.! As supported
by the Heart Rhythm Society’s recommendation, we
installed prophylactic ICD for all patients with CS re-
quiring pacemaker therapy."®

All CMR examinations conducted on patients with
TPPM were performed safely without any adverse
events, and the 1Q remained diagnostic in all CMR ex-
aminations despite the presence of the TPPM. A few
studies have reported successfully performing MRI ex-
aminations on patients with TPPM.3'6-8 To our knowl-
edge, no studies of CMR safety and |1Q in patients with
TPPM have been published. Recently, several studies
have shown that MRI in patients with permanent CIED
and endocardial pacing leads is safe, and possible
adverse events, such as alteration in CIED function,
heating of the pacing lead, or abnormal sensations
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Figure 3. Example of cardiac magnetic resonance images with temporary permanent pacemaker.
Cine sequence on the left and late gadolinium enhancement (LGE) sequence on the right. In both images,
scarce artifacts are visible in septal segment 9 caused by pacing lead (image quality category 2=good/
average in segment 9). In LGE images, extensive subepicardial and intramyocardial high signal intensity
is present in left ventricular wall with mostly sparing of the subendocardium and direct continuity to right
ventricle free wall. These LGE findings are suggestive of cardiac sarcoidosis.

during the scanning, are rare if the dedicated safety
protocol is used.®=® The heating effect on active fixated
pacing leads caused by MRI has been shown to be
minor, whereas traditional temporary pacemakers with
floating pacing leads are still considered an absolute
contraindication for MRI because of safety hazards
concerning especially heating of the lead tip in ex vivo
models.?'® With recently implanted CIEDs (<6 weeks),
an elevated risk for lead displacement unrelated to
MRI exists.?® Thus, published safety protocols and
guidelines for MRI in patients with a CIED include a
limitation on CIED system implantation duration be-
fore MRI.>"® A few reports of MRI scans conducted
on patients with a newly implanted CIED have been
published, and no safety hazards have been noted.*?'
In this study, all CMRs were performed on patients with
newly implanted TPPM systems, and no signs of pos-
sible deleterious effects, such as clinically significant
pacing parameter changes, pacing lead displacement,
or CIED malfunction, were detected. Our findings are

Table 3. Selected Image Quality Statistics of the Cardiac
Magnetic Resonance Images

N Mean SD Range
TPPM generator distance 17 12.5 2.9 6.1-17.8
from myocardium (cm)
SA cine pacing lead tip 17 2.0 0.7 1.0-3.3
artifact area (cm?)
SA LGE pacing lead tip 16 1.8 0.7 0.7-3.4
artifact area (cm?)

LGE indicates late gadolinium enhancement; SA, short axis; and TPPM,
temporary permanent pacemaker.

J Am Heart Assoc. 2022;11:e024257. DOI: 10.1161/JAHA.121.024257

in line with the limited previously published data in this
particular setting.®16-18

We observed scarce susceptibility artifacts attribut-
able to the pacing leads in septal segments of the myo-
cardium in both cine and LGE sequences, whereas the
TPPM generator had no effect on IQ. In our experience,
these small local artifacts on the septum did not sig-
nificantly affect the diagnostic interpretation of CMR.
Earlier reports have shown that especially ICDs and
cardiac resynchronization therapy defibrillators placed
on the left side are likely to cause significant artifacts
on CMR images, reducing the diagnostic value of the
CMR.5722 Patients with a right-sided pacemaker gen-
erator have fewer artifacts on CMR than patients with
a left-sided pacemaker generator because of greater
distance between the generator and the heart.” A
TPPM active fixation pacing lead is usually inserted
through the right internal jugular vein, and the genera-
tor is located on the right side of the neck or shoulder
area.® Also, the left internal jugular vein and right axil-
lary vein are possible venous access routes for TPPM
implantation, when the right internal jugular vein is not
accessible, for example, because of the presence of a
central vein catheter. However, with all venous access
routes, the TPPM generator locates extracorporeally
and in a greater distance to the heart than permanently
implanted generators. Thus, the TPPM approach ex-
pectedly provides fewer artifacts interfering with the
myocardium on CMR than permanent CIEDs.

This study is limited by the retrospective observa-
tional study design. The data from CIED interrogation
values were not retrospectively available. According to
the institutional safety protocol, only clinically significant
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changes in CIED parameters were entered in the elec-
tronic medical record. Thus, statistical analysis of CIED
parameter changes was not possible. The patient co-
hort is limited in size, but to our knowledge this is the
largest published patient cohort of CMR safety and IQ
in patients with a TPPM. Additionally, the study popu-
lation was selected from patients who underwent CMR
with a TPPM, and this population does not necessarily
represent the full variability of patients presenting with
high-degree AVB. Our study did not contain a compar-
ative arm without CMR. These factors limit the large-
scale generalizability of the results.

We described a CMR-based screening protocol for
myocardial disease in patients who require emergency
pacing for their AVB. We found CMR in patients with
a TPPM to be safe and to provide images of diagnos-
tic value. Diagnostic procedures revealed histologic
evidence for granulomatous inflammation in 8 of 17
patients (47.1%). AVB attributable to CS can appear de-
ceptively harmless, but it is associated with a significant
risk for sudden cardiac death and heart failure.
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