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Management guidelines for cardiac implantable electronic de-
vice infections exist, but practice patterns of infectious disease
(ID) specialists are not well known. We found that while
many ID specialist practices mirror existing guidelines, a com-
bination of complete device removal and prolonged antimicro-
bial therapy is favored when Staphylococcus aureus is involved.
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Cardiac implantable electronic devices (CIEDs) including per-
cutaneous pacemakers, implantable cardioverter-defibrillators,
and cardiac resynchronization therapy devices have revolution-
ized the management of arrhythmias and congestive heart fail-
ure. However, infections can complicate the use of these devices,
with rates ranging from <1% to 4% [1–4]. Guidelines for treat-
ment of CIED infections exist [5], but little is known about cur-
rent practice patterns for these challenging infections.

METHODS

The Infectious Diseases Society of America’s Emerging Infec-
tions Network (EIN) is a provider-based network of practicing
infectious disease (ID) specialists in the United States and Can-
ada, funded by the Centers for Disease Control and Prevention
[6].With input from a subset of experienced EIN members, we
developed a 7-question multiple-choice query to assess ID
specialist practice patterns related to the management of
CIED infections based on commonly encountered clinical sce-
narios (Supplementary Material). This query was distributed by
e-mail or facsimile with 2 weekly reminders. Our query process
and EIN members are described elsewhere [6].

Nonresponse bias was assessed by comparing geographic and
practice characteristics of nonrespondents and respondents. Re-
spondents who had treated 1 or more CIED infections in the
past year were included in further analyses, and respondents
were not required to answer all questions. Categorical variables
were compared using a χ2 test or Fisher exact test with SAS, ver-
sion 9.3 (Cary, North Carolina). P values <.05 were considered
significant.

RESULTS

The electronic query was available to EIN members from 29 Jan-
uary 2015 through 22 February 2015. Of 1182 eligible respondents
engaged in adult ID practice, 543 responded (46%). Nonrespon-
dents (377/639; 59.0%) were more likely than respondents (269/
543; 49.5%) to report <15 years of experience since ID fellowship
(P= .0024). No other significant differences were identified.Most re-
spondents were from the South Atlantic (18.6%), Pacific (17.1%),
Mid Atlantic (15.8%), and East North Central (14.2%) regions, al-
though every US region was represented.Most were employed by an
academic institution (33.3%), in private practice (30.8%), or in a hos-
pital or clinic setting (29.1%).

Of the 543 respondents, 360 (66.3%) had treated 1 or more pa-
tient with a CIED infection in the preceding year. Most had treated
fewer than 5 (166/360; 46.1%) or 5–10 CIED infections (125/360;
34.7%). Not all respondents answered each question; the number of
respondents for each question varied between 345 and 360.

Complete vs Partial Device Removal
When treating occult bacteremia in a patient with a CIED, 146/358
(46%) respondents preferred (ie, usually or almost always recom-
mended) complete device removal. In contrast, only 25/345 (7%)
preferred partial device removal.When bacteremiawas attributable
to a noncardiovascular infection (eg, pneumonia), fewer respon-
dents (40/355; 11%) preferred complete device removal, and
only 9/345 (3%) preferred partial device removal. For a patient
with CIED-related pocket infection that required incision and
drainage, most (293/359; 82%) preferred complete device removal;
102/347 (29%) also preferred partial device removal as an alterna-
tive. For lead-associated endocarditis, nearly all respondents (356/
360; 99%) preferred complete device removal, whereas only 70/345
(20%) also preferred partial device removal as an alternative.

Nearly three quarters (73%) of respondents endorsed com-
plete device removal in the setting of occult bacteremia due to
Staphylococcus aureus (Figure 1). Almost half (47%) recom-
mended the same even if a noncardiovascular source was iden-
tified. In contrast, fewer recommended complete device removal
for non–S. aureus gram-positive (coagulase-negative Staphylo-
coccus, Enterococcus) or gram-negative organisms (including
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Pseudomonas aeruginosa) in either situation. Most recommended
complete device removal for pocket infection or lead-associated endo-
carditis irrespective of the causative microorganism.

Duration of Antimicrobial Therapy After Complete Device Removal
Respondents favored longer durations of antimicrobial therapy to
treat occult bacteremia due to S. aureus compared with non–S. au-
reus gram-positive or gram-negative organisms in a patient with a
CIED (Supplementary Figure 1). Two-thirds (64%) would treat
S. aureus for 29 days or more; in contrast, only 34% (P< .0001) and
26% (P< .0001) would do the same for non–S. aureus gram-positive
or gram-negative occult bacteremia, respectively. Almost half (49%)
recommended 7–14 days and 28% recommended 15–28 days to
treat a pocket infection after complete device removal. In the setting
of lead-associated endocarditis, 75% favored 29–42 days while
11% favoredmore than 6 weeks following complete device removal.

Duration of Device Holiday
In the context of a CIED infection with bloodstream involvement
(eg, lead-associated endocarditis) treated with complete device re-
moval and antimicrobial therapy with resolution of bacteremia, the
recommended duration for device holiday varied based on the in-
dication for the CIED (Supplementary Figure 2). In a patient with
a pacemaker-dependent arrhythmia who would otherwise require
external or transvenous pacing, 58% were amenable to a device
holiday of 6 days or less. In contrast, only 31% accepted a similarly
brief device holiday for secondary prevention of sudden cardiac

death (eg, prior episode of ventricular tachycardia or ventricular
fibrillation) and only 27% for a patient requiring a device for pri-
mary prevention (eg, cardiomyopathy with depressed left ventric-
ular ejection fraction).

Chronic Suppressive Antimicrobial Therapy for Retained CIED
In a patient with CIED lead-associated endocarditis where com-
plete device removal is not possible, 334 (93%) reported they
would treat with chronic suppressive oral antimicrobial therapy
following an initial course of intravenous therapy. A majority
(239/329; 73%) would continue suppression indefinitely; only
32 (10%) would suppress for 6 months or less.

DISCUSSION

Our study describes ID specialist practice patterns and perspectives
related to themanagement of CIED infections in the United States,
with a focus on approaches to device removal, duration of antimi-
crobial therapy and device holiday, and chronic suppression. We
found that ID specialists favor complete device removal followed
by longer durations of antimicrobial therapy when S. aureus is in-
volved, tolerate shorter device holidays when a critical indication
for device reimplantation exists, and accept indefinite chronic an-
timicrobial suppressive therapy when an infected CIED cannot be
removed.

According to the 2010 American Heart Association (AHA)
guidelines [5], complete device removal is recommended for

Figure 1. Preference for complete device removal, by causative microorganism and type of cardiac implantable electronic device infection.a,b
aNumber of respondents for specified organisms (all groups), n = 360; bNumber of respondents for “organism not specified” by group: occult bacteremia, n = 358; bacteremia
(non-cardiovascular source), n = 355; pocket infection, n = 359; lead-associated endocarditis, n = 360.
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lead-associated endocarditis or pocket infection given the high
rates of relapsed infection with retained hardware [7, 8]. Most
respondents reported guideline-concordant practices. In pa-
tients with staphylococcal bloodstream infections but no evi-
dence of lead-associated endocarditis or pocket infection,
AHA guidelines likewise recommend complete device removal,
and 73% of respondents agreed; just under half would recom-
mend likewise even if a noncardiovascular source was identified.
This practice pattern among ID physicians aligns with evidence
supporting an increased risk of CIED infection associated with
S. aureus bacteremia [9–11]. Given the option, respondents in-
frequently recommended partial device removal, perhaps as
lead involvement can be difficult to exclude even with echocar-
diography. Similarly, while AHA guidelines suggest at least 14
days of antimicrobial therapy to treat bacteremia after device
removal, our respondents favored longer durations (more than
29 days) for occult S. aureus bacteremia. This may reflect shifts
in practice based on studies that demonstrated increased risk
of relapsed S. aureus bacteremia with shorter treatment times
[12, 13].

In the setting of bacteremia with or without lead vegetation,
AHA guidelines suggest waiting until repeat blood cultures have
been negative for 72 hours or more before inserting a new device
and for 14 days or more if a valvular vegetation is present. We
found that the minimum acceptable device-free interval prior to re-
implantation after CIED infection with bloodstream involvement
(eg, lead-associated endocarditis) also hinges on the indication
for the CIED. More respondents accepted shorter device holidays
(2–6 days) if the patient had a pacemaker-dependent arrhythmia
compared with those needing a CIED for primary or secondary
prevention of sudden cardiac death. This finding underscores com-
peting factors involved in managing patients with CIED infections
and the need to individualize recommendations.

Most respondents favored chronic suppressive oral antimicrobi-
al therapy for patients with a retained infected CIED. Given the
complexity and increased morbidity associated with these infec-
tions, it is unlikely that randomized trials will be undertaken to es-
tablish the true efficacy of this practice. That almost three quarters
would support chronic suppression for an indefinite period sug-
gests that clinicians perceive the benefit of prolonged antimicrobial
use to outweigh the potential harm in these circumstances.

A limitation of our study was that we surveyed ID specialists
who are participating in a volunteer sentinel provider network.
Therefore, our study population may not represent all ID specialist
practice patterns. Also, responses were self-reported and may be
subject to recall bias. Finally, to maximize query completion, our
questions did not cover the full range of unique comorbidities,
technical considerations, and potential procedural risks that may
need to be considered on an individual patient basis.

Despite widespread CIED use, infectious complications that re-
quire ID specialist care are infrequent, yet pose treatment dilem-
mas that are not always fully addressed in existing guidelines.

Future research should include how ID specialist consultation im-
pacts clinical outcomes associated with CIED infections and can
inform practice guidelines. While complete device removal is rec-
ommended for occult S. aureus bacteremia, management in the
setting of S. aureus bacteremia attributed to noncardiovascular in-
fection and the optimal duration of antimicrobial therapy to pre-
vent relapse should be revisited. Studies are needed to define the
earliest interval after which a CIED can be reimplanted, particular-
ly for patients who are pacemaker dependent or at high risk for
ventricular arrhythmias. Finally, although indefinite chronic sup-
pression for a retained infected CIED is widely accepted, whether a
rational deescalation strategy following the period of greatest risk
for infection relapse can be safe and practical merits further study.

Supplementary Data
Supplementary materials are available at http://cid.oxfordjournals.org.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.

Notes
Disclaimer. The findings and conclusions in the manuscript are those

of the authors and do not necessarily represent the official position of the US
Centers for Disease Control and Prevention (CDC) or the Department of
Health and Human Services.
Financial support. This work was supported, in part, by a KM1 Com-

parative Effectiveness Research Career Development Award (grant
KM1CA156708-01), the Clinical and Translational Science Award program
(grant UL1RR024992) of the National Center for Advancing Translational
Sciences, and the Barnes-Jewish Patient Safety & Quality Career Develop-
ment program, which is funded by the Foundation for Barnes-Jewish Hos-
pital, to S. Y. L. This work was also supported by a grant or cooperative
agreement (FOA CK11-1102) funded by the CDC.
Potential conflicts of interest. S. Y. L. and D. K. W. serve as subinvesti-

gators for institutional research studies sponsored by Cepheid. D. K. W. has
served as a consultant for Carefusion, Centene Corp., Novaerus, andWorrell
Inc. All other authors report no potential conflicts. All authors have submit-
ted the ICMJE Form for Disclosure of Potential Conflicts of Interest. Con-
flicts that the editors consider relevant to the content of the manuscript have
been disclosed.

References
1. Zhan C, Baine WB, Sedrakyan A, Steiner C. Cardiac device implantation in the

United States from 1997 through 2004: a population-based analysis. J Gen Intern
Med 2008; 23(suppl 1):13–9.

2. Al-Khatib SM, Greiner MA, Peterson ED, Hernandez AF, Schulman KA, Curtis
LH. Patient and implanting physician factors associated with mortality and com-
plications after implantable cardioverter-defibrillator implantation, 2002–2005.
Circ Arrhythm Electrophysiol 2008; 1:240–9.

3. Lekkerkerker JC, van Nieuwkoop C, Trines SA, et al. Risk factors and time delay
associated with cardiac device infections: Leiden device registry. Heart 2009;
95:715–20.

4. Polyzos KA, Konstantelias AA, Falagas ME. Risk factors for cardiac implantable
electronic device infection: a systematic review and meta-analysis. Europace 2015;
17:767–77.

5. Baddour LM, Epstein AE, Erickson CC, et al. Update on cardiovascular implant-
able electronic device infections and their management: a scientific statement from
the American Heart Association. Circulation 2010; 121:458–77.

6. Pillai SK, Beekmann SE, Santibanez S, Polgreen PM. The Infectious Diseases So-
ciety of America Emerging Infections Network: bridging the gap between clinical
infectious diseases and public health. Clin Infect Dis 2014; 58:991–6.

7. Chua JD, Wilkoff BL, Lee I, Juratli N, Longworth DL, Gordon SM. Diagnosis and
management of infections involving implantable electrophysiologic cardiac devices.
Ann Intern Med 2000; 133:604–8.

1074 • CID 2016:63 (15 October) • BRIEF REPORT

 at U
niversity of Iow

a L
ibraries/Serials A

cquisitions on Septem
ber 26, 2016

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/ciw431/-/DC1
http://cid.oxfordjournals.org
http://cid.oxfordjournals.org
http://cid.oxfordjournals.org/


8. Sohail MR, Uslan DZ, Khan AH, et al. Management and outcome of permanent
pacemaker and implantable cardioverter-defibrillator infections. J Am Coll Cardiol
2007; 49:1851–9.

9. Uslan DZ, Dowsley TF, Sohail MR, et al. Cardiovascular implantable electronic
device infection in patients with Staphylococcus aureus bacteremia. Pacing Clin
Electrophysiol 2010; 33:407–13.

10. Obeid KM, Szpunar S, Khatib R. Long-term outcomes of cardiovascular implant-
able electronic devices in patients with Staphylococcus aureus bacteremia. Pacing
Clin Electrophysiol 2012; 35:961–5.

11. Sohail MR, Palraj BR, Khalid S, et al. Predicting risk of endovascular device infec-
tion in patients with Staphylococcus aureus bacteremia (PREDICT-SAB). Circ Ar-
rhythm Electrophysiol 2015; 8:137–44.

12. Liu C, Bayer A, Cosgrove SE, et al. Clinical practice guidelines by the Infectious
Diseases Society of America for the treatment of methicillin-resistant Staphylococ-
cus aureus infections in adults and children. Clin Infect Dis 2011; 52:e18–55.

13. Chong YP, Moon SM, Bang KM, et al. Treatment duration for uncomplicated
Staphylococcus aureus bacteremia to prevent relapse: analysis of a prospective ob-
servational cohort study. Antimicrob Agents Chemother 2013; 57:1150–6.

BRIEF REPORT • CID 2016:63 (15 October) • 1075

 at U
niversity of Iow

a L
ibraries/Serials A

cquisitions on Septem
ber 26, 2016

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

http://cid.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


