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respectively.4,5 The mortality rate rises to 55% to 
65% in patients with LDIE managed with con‑
servative or inadequate treatment.6

Thus, the early recognition and accurate diag‑
nosis of CIED infections and their extent are cru‑
cial to facilitating an appropriate therapy, pre‑
venting endocarditis in patients with local infec‑
tion, and optimizing outcomes in patients with 
LDIE. On the contrary, the importance of ex‑
cluding local infection or LDIE cannot be over‑
looked, as it will prevent unnecessary surgical 
pocket exploration and patient anxiety.

Given the significance of the differentiation of 
LDIE, local infection, and no infection, it is im‑
portant to have an easily accessible, noninvasive 
tool that assists with this differentiation. Some 
biomarkers could be promising in this role.3

In this issue of Kardiologia Polska (Kardiol 
Pol), Ząbek et al7 present prospective data on 
inflammatory markers in 640 patients with 
CIED undergoing transvenous lead extraction. 
From October 2011 to December 2018, they 
enrolled 63 patients (9.9%) with LDIE, 61 pa‑
tients (9.5%) with local infection, and 516 con‑
trols (80.6%) with noninfectious indications. 
Their aim was to assess the diagnostic value 
of white blood cell (WBC) count and C ‑reactive 
protein (CRP) level in patients with local in‑
fection and LDIE.

Their major findings were threefold. Firstly, 
WBC count was similar in the local‑infection 
group and control group; secondly, WBC count 
and CRP level were significantly increased in 
the LDIE group compared with the local‑infec‑
tion group; and finally, the CRP level was supe‑
rior to WBC count in identifying LDIE. The test 
characteristics for CRP and WBC, respectively, 
were: sensitivity (84% vs 46%), specificity (82% 

Infections related to cardiac implantable elec‑
tronic devices (CIEDs) are one of the most 
feared complications of device therapy asso‑
ciated with significantly increased health care 
costs, morbidity, and mortality. For de  novo 
CIED implantation, the risk of infection is 
0.5% to 1.0%; however, the risk can increase 
up to 5% for generator changes or upgrades.1 
The burden of CIED infection is increasing as 
patients with CIEDs are now older, have more 
comorbidities, and receive more complex de‑
vices than in the past.2

Device pocket infection, or local infection, 
is the most common infectious complication 
associated with the use of CIEDs. Diagnosing 
local infection is challenging, as most patients 
present with few or mild symptoms and some‑
times without any localizing signs. The diag‑
nosis requires a suspicious clinician, detailed 
patient history, and focused physical examina‑
tion. Often, the physical examination findings 
of erythema, pain, warmth, swelling, indura‑
tion, tenderness, or fluctuation are the only in‑
dicators of local infection.3 Conversely, the iden‑
tification of lead ‑dependent infective endocar‑
ditis (LDIE) is usually more clear and diagnos‑
tic workup more standardized with the applica‑
tion of the modified Duke criteria.

In both conditions, the complete remov‑
al of the device and lead, accompanied by tai‑
lored antibiotic therapy, is the gold standard 
treatment. The extent of an infection, local ver‑
sus systemic, defines not only the duration of 
the antibiotic treatment but also the progno‑
sis. The 1‑year mortality rate for patients with 
local infection is less than 10%, whereas pa‑
tients with “possible” or “definitive” LDIE face 
1‑year mortality rate in excess of 20% and 30%, 
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which has implications for treatment decisions 
and patient prognostication. Finally, the study 
confirms the important point that inflammato‑
ry markers have no role in ruling out an isolat‑
ed local infection.

Article informAtion
DisclAimer The opinions expressed by the author are not necessarily those 
of the journal editors, Polish Cardiac Society, or publisher.
conflict of interest None declared.
open Access This  is  an Open  Access  article  distributed  under  the  terms 
of  the  Creative  Commons  Attribution -NonCommercial -NoDerivatives  4.0  In-
ternational  License  (CC BY -NC -ND  4.0),  allowing  third  parties  to  download  ar-
ticles and share them with others, provided the original work is properly cited, 
not changed in any way, distributed under the same license, and used for non-
commercial purposes only. For commercial use, please contact the journal office 
at kardiologiapolska@ptkardio.pl.
How to cite Lennerz C, O’Connor M. Biomarkers in infections related to car-
diac implantable electronic devices. Kardiol Pol. 2019; 77: 897-898. doi:10.33963/
KP.15033

references
1  Olsen T, Jørgensen OD, Nielsen JC, et al. Incidence of device -related infection 
in 97 750 patients: clinical data from the complete Danish device -cohort (1982-
2018). Eur Heart J. 2019; 40: 1862-1869.
2  Bongiorni MG, Zucchelli G. Cardiac implantable electronic device infection: 
more risks, more effort for its prevention? Eur Heart J. 2019; 40: 1870-1872.
3  Lennerz C, Vrazic H, Haller B, et al. Biomarker -based diagnosis of pacemaker 
and implantable cardioverter defibrillator pocket infections: a prospective, multi-
centre, case -control evaluation. PLoS One. 2017; 12: e0172384.
4  Tarakji KG, Wazni OM, Harb S, et al. Risk factors for 1-year mortality among 
patients with cardiac  implantable electronic device  infection undergoing trans-
-venous lead extraction: the impact of the infection type and the presence of vege-
tation on survival. Europace. 2014; 16: 1490-1495.
5  Lee DH, Gracely EJ, Aleem SY, et al. Differences of mortality rates between 
pocket and nonpocket cardiovascular implantable electronic device infections. Pac-
ing Clin Electrophysiol. 2015; 38: 1456-1463.
6  Greenspon AJ, Eby EL, Petrilla AA, Sohail MR. Treatment patterns, costs, and 
mortality among Medicare beneficiaries with CIED infection. Pacing Clin Electro-
physiol. 2018; 41: 495-503.
7  Ząbek A, Ulman M, Holcman K, et al. Inflammatory markers in the diagnostic 
workup of pacemaker- and defibrillator-related infections in patients referred for 
transvenous lead extraction. Kardiol Pol. 2019; 77: 918-925.
8  Klug D, Wallet F, Lacroix D, et al. Local symptoms at the site of pacemaker im-
plantation indicate latent systemic infection. Heart. 2004; 90: 882-886.
9  Sohail MR, Uslan DZ, Khan AH, et al. Management and outcome of permanent 
pacemaker and implantable cardioverter -defibrillator infections. J Am Coll Cardi-
ol. 2007; 49: 1851-1859.
10  Hogevik H, Olaison L, Andersson R, Alestig K. C -reactive protein is more sen-
sitive than erythrocyte sedimentation rate for diagnosis of infective endocarditis. 
Infection. 1997; 25: 82-85.
11  Vollmer T, Piper C, Kleesiek K, Dreier J. Lipopolysaccharide -binding protein: 
a new biomarker for infectious endocarditis? Clin Chem. 2009; 55: 295-304.
12  Habib G, Lancellotti P, Antunes MJ, et al. 2015 ESC Guidelines for the man-
agement of infective endocarditis: The Task Force for the Management of Infective 
Endocarditis of the European Society of Cardiology (ESC). Endorsed by: European 
Association for Cardio -Thoracic Surgery (EACTS), the European Association of Nu-
clear Medicine (EANM). Eur Heart J. 2015; 36: 3075-3128.

vs 95%), positive predictive value (34% vs 52%), 
negative predictive value (NPV) (98% vs 94%). 
Although the mean CRP levels exceeded the es‑
tablished cut ‑off values in the local‑infection 
group, they were only slightly higher than in 
the control group and are unlikely to be of use 
in day ‑to ‑day clinical practice.

It is well known that in the majority of pa‑
tients with local infection, WBC count and CRP 
level are normal and therefore are of limited di‑
agnostic value.8,9 The present study confirms 
this observation but extends upon it to identi‑
fy WBC count and CRP level as useful biomark‑
ers to identify patients with LDIE in the local‑
infection population. In cardiac device pock‑
et infection, normal serum WBC and CRP lev‑
els may be explained by the localized nature of 
the infection, isolated from the systemic circu‑
lation to some extent by the fibrous capsule of 
the pocket. An important take‑home message 
from the article is that normal CRP level and 
WBC count do not exclude local infection.

Our own group have shown that higher se‑
rum levels of high ‑sensitivity CRP are seen in 
local infection when compared with controls.3 
We also did not see a difference in CRP levels be‑
tween the local‑infection and control groups. Al‑
though high ‑sensitivity CRP is becoming more 
widespread, its use still remains predominant 
in the realm of research and the authors should 
be congratulated on their investigation of cost‑

‑effective and widely available biomarkers to aid 
differentiation between local infection and LDIE 
in the real ‑world setting.

Currently, the CRP level is not considered 
a diagnostic criterion for LDIE, as it is not spe‑
cific and may be elevated in the context of vi‑
ral infections, a recent surgery, or trauma. CRP 
concentrations do tend to be the highest in 
acute Staphylococcus aureus infections, a fre‑
quent offending pathogen in CIED infections.10 
However, CRP does have a role in assessing re‑
sponse to antimicrobial therapy in a patient 
with infective endocarditis.11

The current study highlights the excellent 
NPV of the 2 assessed biomarkers in differen‑
tiating local infection from LDIE with a NPV 
of 94% for WBC and 98% for CRP, suggesting 
that WBC and CRP can be used as rule ‑out cri‑
teria for LDIE. In short, negative inflammatory 
markers in patients with a clinical local infec‑
tion make LDIE exceedingly unlikely. Elevated 
inflammatory markers in a patient with a def‑
inite local infection should initiate further in‑
vestigation as per the European Society of Car‑
diology Guidelines for the management of in‑
fective endocarditis.12

The authors should be congratulated for high‑
lighting the importance of the high NPV for WBC 
and CRP in LDIE. These simple, widely available 
biomarkers can aid in excluding a more exten‑
sive infection in patients with local infection, 
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