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a. End-stage renal disease

b. Renal insufficiency

c. Diabetes mellitus

d. Chronic obstructive pulmonary disease

e. Corticosteroid use

—h

History of previous device infection

Malignancy

PoQ

Heart failure

—-

Pre-procedural fever
j.  Anticoagulant drug use
k. Skin disorders

. Malnutrition®
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Pathogen

Hussein AA, et al.’

Percentage of isolates

Bongiorni MG, et al’

Wang R, et al’

Coagulase-negative staphylococci

Methicillin-resistant
Methicillin-sensitive
S. aureus
Methicillin-resistant
Methicillin-sensitive
Streptococcus spp.
Enterococcus spp.
Vancomycin-sensitive
Vancomycin-resistant
Cutibacterium spp.
Corynebacterium
Gram-negative bacteria

Enterobacteriaceae

Non-fermentative bacilli, incl. Pseudomonas spp.

Anaerobes
Fungi

Mycobacteria

18.8
18.8

16.8
15
2.5

2.8
14

8.9

1.6
0.9
0.2

69

2.5

6.1

15

45.2

4.1

9.1
3.2
59

0.9

|
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Prospective + retrospective studies

Prospective studies only

Factor Studies Total Pooled Studies Total Pooled
(n) (n) estimate p-value (n) (n) estimate p-value
Patient-related factors
ESRD* 8 3,045 873 [3.42, 22.31] 0.00001 NA
History of device infection 4 463  7.84 [1.94, 31.60] 0.004 NA
Fever prior to implantation 3 6,662  4.27 [1.13, 16.12) 0.03 2 6,680 5.34 [1.002, 28.43] 0.05
Corticosteroid use 10 3,432 3.44 [1.62, 7.32] 0.001 3 1,349 2.10 [0.47, 9.32] 0.33
Renal insufficiency” 5 2,033 3.02 [1.38, 6.64] 0.006 NA
COPD 6 2,810 2.95 [1.78, 4.90] 0.00003 2 2,393 2.30 [0.97, 5.48] 0.06
NYHA FC 22 3 2,447 2.47 [1.24, 4.91] 0.01 2 2,393 2.77 [1.26, 6.05] 0.01
Skin disorders 4 6,810 2.46 [1.04, 5.80] 0.04 2 6,519 2.60 [0.88, 7.70] 0.08
Malignancy 6 1,555 2.23 [1.26, 3.95] 0.006 NA
Diabetes mellitus 18 11,839 2.08 [1.62, 2.67] < 0.000001 7 9,815 1.88 [1.19, 2.98] 0.007
Heparin bridging 2 6,373 1.87 [1.03, 3.41] 0.04 NA
CHF 6 1,277 1.65 [1.14, 2.39] 0.008 NA
Oral anticoagulants 9 8,627 1.59 [1.01, 2.48] 0.04 3 7,271 1.18 [0.44, 3.11] 0.76
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aN5197 2 ﬁﬁaLﬁmﬁﬁwﬁmhmﬁ@@L%asnaaqﬂﬂiaiﬂauquLWﬂwﬁaia%ﬁﬁﬂq\l’ﬂmﬁqmamﬂmﬁﬁﬂm meta-analysis (§8)

Prospective + retrospective studies

Prospective studies only

Factor

Studies Total Pooled Studies Total Pooled
(n) (n) estimate p-value (n) (n) estimate p-value

Procedure-related factors

Procedure duration 9 4850  9.89 [0.52, 19.25] 0.04 6 4508 13.04 [-0.64, 26.73] 0.06

Hematoma 12 14,228 846 [4.01, 17.86] < 0.000001 6 9,715 9.33 [2.84, 30.69] 0.0002

Lead repositioning 5 1,755  6.37 [2.93, 13.82]  0.000003 4 1,659  7.03 [2.49, 19.85] 0.0002

Inexperienced operator” 2 1,715 2.85 [1.23, 6.58] 0.01 2 1,715 2.85 [1.23, 6.58] 0.01

Temporary pacing 10 10,683 2.31[1.36, 3.92] 0.002 4 8,683  3.29 [1.87, 5.80] 0.00004

Device replacement/revision/ 26 21214 1.98 [1.46, 2.70] 0.00001 8 8,793  0.95[0.49, 1.87] 0.89

upgrade

Generator change® 20 12,134 1.74[1.22, 2.49] 0.002 6 2,139 0.91[0.37, 2.22] 0.83

Antibiotic prophylaxis 16 14,166 0.32[0.18, 0.55]" 0.00005 11 10,864  0.29 [0.13, 0.63] 0.002
Device-related factors

Epicardial leads 3 623  8.09[3.46, 18.92]  0.000001 NA

Abdominal pocket 7 4017 401 [248,6.49] < 0.000001 2 2,268  5.03 [1.96, 12.91] 0.0008

> 2 leads 6 1,146 2.02 [1.11, 3.69] 0.02 NA

Dual-chamber device 14 45224 1.45 [1.02, 2.05] 0.04 7 12,102 1.28 [0.73, 2.25] 0.38

Adapted from Polyzos et al.”’

CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; NA, not available; NYHA,

New York Heart Association.

* GFR <15 mL/min or hemodialysis or peritoneal dialysis.

" Qlomerular filtration rate (GFR) <60 mL/min or creatinine clearance (CrCL) < 60 mL/min.

“ < 100 previous procedures.

4 The pooled effect estimate from randomized studies was 0.26 [0.13, 0.52].
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M99 3 INWNMIITAsY 2019 International criteria CIED infections and/or infective endocarditis™

Consensus statement

‘Definite’ CIED clinical pocket/generator infection = generator pocket shows swelling, erythema, warmth, pain, and purulent
discharge/sinus formation OR deformation of pocket, adherence and threatened erosion OR exposed generator or proximal
leads

‘Definite’ CIED/IE = presence of either 2 major criteria or 1 major + 3 minor criteria

‘Possible’ CIED/IE = presence of either 1 major + 1 minor criteria or 3 minor criteria

‘Rejected’ CIED/IE diagnosis = patients who did not meet the aforementioned criteria for IE
Major criteria

Microbiology A. Blood cultures positive for typical microorganisms found in CIED infection and/or IE (Coagulase-

negative staphylococci, S. aureus)

B. Microorganisms consistent with IE from 2 separate blood cultures:
a. Viridans streptococci, Streptococcus gallolyticus (S. bovis), HACEK group, S. aureus; or
b. Community-acquired enterococci, in the absence of a primary focus
C. Microorganisms consistent with IE from persistently positive blood cultures:
a. > 2 positive blood cultures of blood samples drawn >12 h apart; or
b. All of 3 or a majority of > 4 separate cultures of blood (first and last samples drawn > 1 h
apart); or
c. Single positive blood culture for Coxiella burnetii or phase I IgG antibody titer >1:800
Imaging positive for D. Echocardiogram (including ICE) positive for:
CIED infections and/ a. CIED infection:
or [E i. Clinical pocket/generator infection
ii. Lead-vegetation
b. Valve IE
i. Vegetations
ii. Abscess, pseudoaneurysm, intracardiac fistula
iii. Valvular perforation or aneurysm

iv. New partial dehiscence of prosthetic valve

E. [*FIFDG PET/CT (caution should be taken in case of recent implants) or radiolabelled WBC
SPECT/CT detection of abnormal activity at pocket/generator site, along leads or at valve site

F. Definite paravalvular leakage by cardiac CT
Minor criteria A. Predisposition such as predisposing heart condition (e.g. new onset tricuspid valve
regurgitation) or injection drug use

B. Fever (temperature >38 °)

C. Vascular phenomena (including those detected only by imaging): major arterial emboli, septic
pulmonary embolisms, infectious (mycotic) aneurysm, intracranial hemorrhage, conjunctival
hemorrhages, and Janeway's lesions

D. Microbiological evidence: positive blood culture which does not meet a major criterion as noted
above or serological evidence of active infection with organism consistent with IE or pocket

culture or leads culture (extracted by non-infected pocket)

38, 39

Based on merging of the modified Duke and ESC 2015 Guidelines criteria
CIED, cardiac implantable electronic device; CT, computerized tomography; ICE, intracardiac echocardiography; IE, infective

endocarditis; SPECT, single-photon emission tomography; WBC, white blood cell.

3 1 v A N
vaEsuwngmnsun 09 74 a7 2 waneu-Anmen 2664



142

A X % 4 -
nytinlasumenuh bino@eanmamnaie dslaeng
QLTI B STUMEMAIMIANZED N3 M MISNET01
Fifn 10-14 Fuuaemsld biomolecular methods 14 DNA
amplification and/or gene sequencing fmanInga Wm‘ﬁ
DX T A4 M a4 Evae
avanunguFerialsefiny iaevianguimnudeldinee
ada A oda 8 adda L X o ,
natiLSRMRiAnEesyTidusaesaisass (chronic
draining sinus or fistula) Wszhyikhdagsiariudaths
(swab collection) KMITIRINAANDFINTINIANENTD
weilamatdantufmissnnlnaides vhlkems
X A a M oR o X AV 0§
aamamzaeidaie bla desnmais Uty
vhmadintedmaasgunsaimuesialafinegrhuiomisaen
NV MTRIATIANC T e TUTT

nIMSYhaMsamsnauae lead 98N (extraction
procedure) §3NINFIFIGNY ¢ 994 lead (distal and proximal
lead fragments) Itz ls oehslsfifmdsaanans lead
‘ﬂl Eﬂl z a 1 %) [ (3 U ) v
Wamsinzgetioadsslonilalnnin dsazsiulaanllle
G A ¢ Aa o A A ¢
Lﬂmuﬂummmﬂmm%amsm@Lﬁﬁamaqqﬂﬂmmmﬂw%
wlarfiadal3luhome
N1901599 imaging
Asdanmansandndssssiawila (echocardiography)
Ju3Busn Wam lead %3e valvular vegetations LayAN
Aedndivasduinladun Mifeadad® laeidenldlavms
AN (transthoracic echocardiography) Lagyg
%RaMR1YNT (transesophageal echocardiography) ¥3am e/l
ﬁ’lﬁh (intracardiac echocardiography) I@amﬂﬁaﬂﬂﬁmaa
v [~ zj [~ c\dtﬁl ] ° A
membaniuauannisninnuiwisineuesrhlalagsidana
e udaehslsfimsmnasdumemsfiadaglnaninues
Wlausmasmamambanesusn nuemuReUnd wwh
Tihmanratimelu 7-5 Suemansasamaniondmis
PRONIFTIANRANAINTANAN® UanNTATaZYMS
@mmﬁmﬁmazﬁ’auﬁﬂammaammmmmwaﬂ'aumi‘vhmi
SnememMIa lead aan (percutaneous lead extraction)
NS iRMIR A TUATN LN TNTAUGI) TINEINIUNY
MIINNDUNTYNANDNT
b2 tﬁld Aa g A =
slwumwmmimma S. aureus WNILLAERANLNS

¥ < . . . Y R Y
MMnInaailiy infective endocarditis Vlwqqmiaaaz

Ao Ausuity

13-38"“ lopduiuTadenfesmosniae Fsmsigunsainugu
1Ay transvenous system \adtidasaenii fain
s ihmsnTeawdasasyiawin lamaviaane s
€L v Aa A A "L A 20 A
withemnmeniaimsfiowge S. aureus [NTEUaRon” e
13e e infective endocarditis
a L2 dl\'L 1a
Tutnansdiensnsnaziy lead mases h@mm 1803
a z w (% 1 Vs a

o) vamfioute pﬂﬁhammmmﬂmum‘sﬂimumq
pARNANANN us N AMsfagersa i semsfae
fumMInTRAAALsowi lavsemsdinsiafiewiue
s aehalafimadagyaanmsdnm lulhgtimunnsesa
WU lead masses 1%@”1']’2 Elﬁ\lmﬁyﬁmi@m%a (non-bacterial
lead-thrombotic endocarditis) Wit N IAANAMELI
madiaLge luomaa 4

dwsumaasanaudasssiowmeluwila (intracardiac
echocardiography, ICE) iunaemiafifitss@nimwgauay
A . vy Aa ¢
mmmvbgjﬂumimwm vegetations M;ﬂmwmqﬁmm

4546 R

o a ] G A € aa o
muqmﬂa%mﬂﬂu‘mma Safmiislunamimsifiase
nafndavasgUnsnienugulniialastiadsldlusome e

g %o a ¢ ad o v % 4
o9 3 wananiissfiselomialunsdifidasmadatioda
_ 4 . - o

vegetation MG]?WLWBLLEJWTLI thrombus Vlmaﬂma

v tsld A g 22 EZ o v XK

GIWJU’JEJ‘V]Nm‘i@]@L‘EaLLva@ilJmﬁﬂM@’mmim lead

2 o Yoo ‘ﬂ‘ A ¥ (% v
9aNUAN Ut i hmsaedwdesasrionis lamehen
amsmrasglnstiionamiony Ussiumavhauaosiu
Wil tricuspid waztsednmavhanaasilaiasasm?
aehlafenamnnmemasmassnmeneasnauaIm o
1316 (persistent sepsis) AIaTIRARWADIELY AW AN
wasIIRRLANaL s Rug N soiNeanaamaoay Tinds
UssfiummswysndaufimaieawTuawila tricuspid dhe
§MIUMIeT2A Fluorine-18-fludeoxyglucose [(“*F)FDG]
positron emission tomography/computerized tomography
(PET/CT) scanning and radiolabelled leucocyte (WBC)

. . a a ‘il 1 an [ ¥ ]
scintigraphy  shlszlemsilunsdiflsiansnmsnifaselaaehs

9 L9 s Aa A X W A aa

LA LA GL‘LLB%I‘]J% sffnGaTous e N AaUNFLS I

] (% 6 (% A A tﬁld L% a
mmﬁmﬂmmmuqum% M'iaslu@msmmmiamamwm
BNUELLSIUHNFR NENINTOMENTEAIINMLENTUYRINS
famasfmisnashdatuniznaiarames ludasld

gunsel vi3e lunsdiasd infective endocarditis M3A37

Royal Thai Army Medical Journal Vol. 74 No. 2 April-June 2021



maAnzazesgUnsninaue

sliwilardiodsllueme 143

Positive

Blood culture

Clinical suspicion of
CIED infection

cilinically negative,

/

TTE + TEE

Optional/Consider:

1. ['®FJFDG PET/CT or WBC
SPECTI/CT (extent disease,
portal of entry, other source)

2.ICE

3. Imaging for embolic events

Ko
’/

1. TTE + TEE

2. ["®FJFDG PET/CT or WBC
SPECT/CT (extent disease,
portal of entry, other source)

3.ICE

4. Imaging for embolic events

o

Pocket

cilinically positive

S
=

Pocket

cilinically negative

Pocket

but high suspicion

o

Pocket

cilinically positive TTE + TEE

a

Adapted from Blomstrom-Lundqvist C, et al.”’

CIED, cardiac implantable electronic device; [*FIFDG PET/CT, fluorodeoxyglucose positron emission

tomography-computed tomography; ICE, Intracardiac echocardiography, TEE, transesophageal
echocardiography; TTE, transthoracic echocardiography; WBC SPECT/CT, white blood cell single-

photon emission computed tomography-computed tomography.
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endocarditis.

s ~\
1 dal Tnrdel . 1 - Antibiotic therapy
I >
‘, Superficial incisional infeclon J 7-10 days
.
e ™
] Removal/Extraction
Isolated pocket infection ! +
(negative blood culture) - Antibiotic therapy
10-14 days
Removal/Extraction
. . +
Definite CIED infeclon Without vegetation on Antibiotic therapy
(Meets 2019 Internalonal  — leads or valves 4 weeks
CIED Infeclon Criteria) * pocket infection (2 weeks if negative
blood culture)
o J
Systemic infection
B
\ / é Removal/Extraction
CIED endocarditis with "
vegetation on leads Antibiotic therapy

Adapted from Blomstrom-Lundqvist C, et al.”® CIED, cardiac implantable electronic device; FU, follow-up; IE, infective

4-6 weeks
+ oral antibiotic therapy FU
If indicated by secondary
infectious focus
- /

and/or valves
+embolism
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Regimens®

Duration

Superficial incisional infection
Empirical treatment:

Oral antibiotic treatment covering S.

aureus

High MRSA prevalence”;

To be adjusted after culture result

Flucloxacillin p.o. 1 g every 6-8 h or

Amoxicillin-clavulanate standard dose

Trimethoprim-sulfamethoxazole or
Clindamycin or
Doxycyclin or

Linezolid

Isolated pocket infection (negative blood cultures)

Empirical treatment:

Directed at methicillin-resistant CoNS  Vancomycin: 30-60 mg/kg/d i.v. in 2-3 doses

and S. aureus:
If systemic symptoms:

Additional Gram-negative coverage

To be adjusted after culture result

If sensitive staphylococcus:

Daptomycin 8-10 mg/kg i.v. od (alternative)
+
3 generation Cephalosporin standard dose or

Broader betalactam antibiotic or

Gentamicin 5-7 mg/kg i.v od®

Flucloxacillin: 8 g/d i.v. in 4 doses or
1% generation cephalosporin standard dose

(Partial oral treatment often used)

Systemic infections without vegetation on leads or valves + pocket infection

Empirical treatment:

Directed at methicillin-resistant
staphylococci and Gram-negative

bacteria

To be adjusted after culture result

If sensitive staphylococcus:

Vancomycin: 30-60 mg/kg/d i.v. in 2-3 doses or
Daptomycin 8-10 mg/kg od

+

3 generation Cephalosporin: standard dose i.v. or
Broader betalactam antibiotic or

Gentamycin 5-7 mg/kg i.v. od’

Flucloxacillin i.v. dosages as above or

1* generation Cephalosporin standard dose i.v.

7-10 days

10-14 days post

extraction

4 weeks post extraction
(or 2 weeks post

extraction®)
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Regimens® Duration

Systemic infections with CIED endocarditis and vegetation on leads and/or valves + embolism

Empirical treatment: Vancomycin; 30-60 mg/kg/d i.v. in 2-3 doses or Native valve IE: 4 weeks

Daptomycin 8-10 mg/kg od post extraction
+ Prosthetic valve
3 generation Cephalosporin: standard dose 1.v. or endocarditis: (4-) 6 weeks
Broader betalactam antibiotic or Isolated lead vegetation:

Gentamycin 5-7 mg/kg i.v. od’ 2 weeks after extraction

Adjust to culture result according to endocarditis guidelines (in total 4 weeks) except

If prosthetic valve and staphylococcal infection: for S. aureus infection

Add rifampicin after 5-7 days Rifampicin: 900-1200 mg/day orally (or i.v.) in 2 doses
Bacteremia in a CIED patient without signs of pocket infection or echocardiographic evidence of lead or valve involvement
According to pathogen specific treatment

Attempted salvage therapy and long-term suppressive therapy

i.v. antibiotics as in prosthetic valve endocarditis for 4-6 weeks

Stop antibiotic therapy under close follow-up or continue individualized long-term suppressive oral therapy

Adapted from Blomstrom-Lundqvist C, et al”

* Dosage recommendation needs to be adjusted for kidney function.

" Treatment regimen differ between countries depending on prevalence of MRSA and other circumstances.

¢ For patients with normal renal function.

¢ Treatment duration for 2 weeks post extraction can be sufficient but total treatment duration should not be shorter than 4

weeks

CIED, Cardiovascular Implantable Electronic Device; CoNS, coagulase-negative staphylococci; IE, infective endocarditis; i.v.,

intravenous; MRSA, methicillin-resistant Staphylococcus aureus; od, once daily; p.o., per oral
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