4 ARCHIVES

“;i!;
R

Address: 1 Kraljice Natalije Street, 11000 Belgrade, Serbia
+381 11 4092 776, Fax: +381 11 3348 653
E-mail: srparhiv@bvcom.net, Web address: www.srpskiarhiv.rs

Paper Accepted” ISSN Online 2406-0895

Original Article / OpurunaJjnu paja

. .1 . ., .1 ey ., 12
Nikola N. Radovanovi¢"', Bratislav Kiré¢anski', Sinisa U. Pavlovi¢'?,
.1 . .1 .. 1. % e
Srdan Raspopovi¢', Velibor Jovanovi¢', Gabrijela Nikcevic',
1 .. ~ . .1 FRON 12
Ana Novakovi¢', Mirjana Zivkovi¢', Goran Milasinovi¢ ™

Pneumothorax as complication of cardiac rhythm
management devices implantation
[THeyMOTOpakc ka0 KOMIUIMKAIN]a yTrpaaihe
ypehaja 3a perynucame cpuaHor puTMa

'Pacemaker Center, Clinical Center of Serbia, Belgrade, Serbia;
2 University of Belgrade, School of Medicine, Belgrade, Serbia

Received: July 12,2016
Accepted: September 7, 2016
Online First: March 10, 2017
DOI: 10.2298/SARH160712062R

" Accepted papers are articles in press that have gone through due peer review process and have been
accepted for publication by the Editorial Board of the Serbian Archives of Medicine. They have not
yet-been copy/ edited and/or formatted in the publication house style, and the text may be changed
before the final publication.

Although accepted papers do not yet have all the accompanying bibliographic details available, they
canalready be cited using the year of online publication and the DOI, as follows: the author’s last
name and initial of the first name, article title, journal title, online first publication month and year,
and the DOI; e.g.: Petrovi¢ P, Jovanovi¢ J. The title of the article. Srp Arh Celok Lek. Online First,
February 2017.

When the final article is assigned to volumes/issues of the journal, the Article in Press version will be
removed and the final version will appear in the associated published volumes/issues of the journal.
The date the article was made available online first will be carried over.

T Correspondence to:

Nikola RADOVANOVIC

Pacemaker Center, Dr Koste Todorovi¢a 8, 11000 Belgrade, Serbia
E-mail: nikolar86@gmail.com



Srp Arh Celok Lek 2017 | Online First March 10, 2017 | DOI: 10.2298/SARH160712062R >

Pneumothorax as complication of cardiac rhythm management devices implantation
[THeyMoTOpakce Kao KOMIUIMKaIMja yrpaame ypehaja 3a peryiucame cpuaHor putMa

SUMMARY

Introduction/Objective Pneumothorax is one of the
most common complications of cardiac rhythm
management (CRM) devices implantation.

We aimed to assess the incidence of pneumothorax
after implantation of these devices and to determine
risk factors for this complication.
Methods A retrospective, observational study
included patients in whom CRM device was
implanted, pacing system was upgraded or lead
revision was performed during 2012. We determined
the connection between different variables, including
gender, age, type of implanted device, prior history of
chronic obstructive pulmonary disease, operator
experience, venous access, the use of intravenous
contrast during procedure, and the development of
pneumothorax as procedure related complication,
using multiple logistic regression.
Results In this study 999 patients were included.
Mean age was 68.1+9.2 years and 665 (66.6%) were
man. The incidence of pneumothorax was 1.8% and an
invasive treatment of this complication was required in
13 (72.2%) patients. Pneumothorax was more often in
women (B=-2.136, p=0.015), in patients with age >75
years (B=4.315, p=0.001), venous access with
subclavian vein puncture (B=2.672, p=0.045), and use
of intravenous contrast during procedure (B=3:155,
p=0.007).

Conclusion Pneumothorax is relatively = rare
complication of CRM devices implantation and for
reducing of its incidence cephalic (vein cut-down
should be preferred to subclavian or axillary vein
puncture as venous access, axillary vein puncture
should not be avoided when/cephalic vein eannot be
found or used and in the case of difficult vein puncture
contrast venography should be done immediately,
before risky punctures.

Keywords: pacemaker; pneumothorax; complication;
risk factor

INTRODUCTION

CAXKETAK

YBoa/llnmb ITHeymoTopakce je jemHa of Hajuemrhux
KOMIUTHKAIMja yrpaame ypehaja 3a perynucame
CpUYaHOT pUTMA.

Iuss pana je 610 Aa ce yTBPAHM y4ecTaIoCT THEyMOTO-
pakca HaKOH yrpajime OBHUX amapaTa U Ja ¢e Oapene
(akTOpH pHU3HKa 3a BErOB HACTaHAK.

MeTtone paga Y peTpOCHEKTUBHY, OIICEPBALUOHY
CTYIHjy YKJbyueHH Cy OoyecHHIM Kojuma cy 2012.
roguHe yrpalenu oBu ypehaju, yuumeHa HafioOTpaImba
nejcMejKkep CHCTeMa, WM pPEeBU3Hja _eJeKTPOoJe.
Kopuctehu MynTumiay JOTHCTHYKY .~ PErpecUOHY
aHaIM3y, WCHOUTAIM CMO IIOBE3aHOCT HACTaHKa
ITHEyMOTOpaKca M Pa3IM4YMTHX » Bapujabiu: 1o,
cTapocT, Tumn yrpaheHor .. amapara,’ MpPHUCYCTBO
XpOHHYHE OICTPYKTUBHE Ooiectu Iurtyha, MCKyCTBO
UMIUIAaHTEpa, BEHCKHW MPHUCTYNl U HHTPAONEPATHBHO
kopumrheme HHTPABEHCKOT KOHTPACTA.

Pesyaratn Y ctyamjy je ykibydeno 999 GonecHuka,
crapoctu 68,1£9;2 romuna, 665 (66,6%) je Ouio
MYIIKOT JI0JIa. Y4YecTaJlocT ITHeyMOTOpakca je Ouia
1,8%, a MHBA3UBHO JI€YEH-E UCTOT j€ OMII0 HEOIXOAHO
kox 13 (72,2%) Oonecuuka. [Ineymoropakc je Ouo
yemhu xox. okeHa (B=-2,136, p=0,015), GonecHuka
crapujux on 75 ropuna (B=4,315, p=0,001), xana je

Kao BEHCKM MpUCTyHn  KopumheHa  IyHKIHUja
MOTKJbY4He BeHe (B=2,672, p=0,045) u xama je
KOpHIINeHO  KOHTpacTHO  cpeactBo  (B=3,155,
p=0,007).

3akbyuak IIHEeymoTOpakc je pemaTHUBHO peTKa
KOMIUTHKAIMja yrpaame ypehaja 3a perynucame
CpPUaHOT pUTMA. 3a CMEHEHE HEroBe yUecTaloCTH
Tpeba Kao BEHCKH NPHUCTYI Npenapucatd nedananusy
BEHY IIpe HEero MyHKTUPATH MOTKIJbYYHY WM Ma3yIIHYy
BeHy. Y ciydajy oOTeXaHe ITyHKIHje KOHTPAcTHY
BeHorpagujy Tpeba oaMax ypaauTH, Ipe PUHIHUX
IMyHKIIHja.

KibyuHe  peun:  mejcMejkep;
KOMIUIMKaIuja; pakTop pu3uKa

ITHEYMOTOPAKC;

Term cardiac rhythm management (CRM) devices refers to antibradycardia pacemakers,

implantable cardioverter-defibrillators (ICDs) and cardiac resynchronization therapy (CRT) devices

with or without defibrillation function [1]. Nowdays, implantation of these devices is routine and safe

procedure associated with infrequent complications, which are rarely life-threatening [2,3]. However,

implantation related complications often require reintervention, prolong hospitalization and increase

treatment cost [1]. Pneumothorax, lead dislodgement, infection and pocket hematoma are the most

common complications of CRM devices

DOI: 10.2298/SARH160712062R

implantation [1,2].

The incidence of iatrogenic
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pneumothorax varies from 1-5% according to literature, and depends on many factors [4]. The exact
definition of this complication, its clinical recognition and data collection are important, but also
patients characteristics, surgical technique and operator experience have an impact on its incidence
[3,4].

This study aimed to assess the incidence of pneumothorax after implantation of antibradycardia
pacemakers, ICDs and CRT devices, after pacing system upgrade procedures and lead revisions. We

aimed to determine procedure, patient, and operator related risk factors for this complication.

METHODS

This has been a retrospective, observational, single centre study. We included patients in whom
CRM device was implanted, pacing system was upgraded or lead revision was petformed in the year
2012 in Pacemaker Center, Clinical Center of Serbia. We excluded replacements and implantations of
implantable loop recorders.

Data were collected from the registry that has existed in our center since 2010. It contains data
on all patients who underwent surgery in our center. It holds data on patient general characteristics,
medical history, risk factors, on procedure details, including‘data on procedure related complications,
and on physician who performed the operation. The registry has updated every Monday.

In this study we determined the connection between different variables and the development of
pneumothorax as procedure related complication. We examined many variables including gender, age,
type of implanted device, prior history of cchronic obstructive pulmonary disease (COPD), operator
experience, venous access, the use of intravenous contrast during procedure. The diagnosis of COPD
had to be set by pulmologist, confirmed by spirometry. We believe that an experienced operator
should have over 200 interventions in the last three years and/or over 400 interventions in his career.
There are three methods used for venous access in our center, subclavian vein puncture, axillary vein
puncture and cephalic vein cut-down. In our center in 2012 a routine post-procedural chest X-ray was
not done. If patient complained of shortness of breath, chest pain or doctor noticed decreased or
absent breath. sounds. over the affected lung, chest X-ray would be done. The diagnosis of
pneumothorax was confirmed by thoracic surgeon, who made desicion how this complication would
be treated. Sometimes specific treatment was not necessary, but sometimes thoracic surgeon had to
make an aspiration of the free air and/or place a chest tube to evacuate the air.

For statistical analysis we used descriptive and analytic statistic methods. From descriptive
methods mean and standard deviation were used for continuous variables and apsolute and relative
numbers for categorical variables. Multiple binary logistic regression analysis was used to identify the
characteristics associated with a higher rate of pneumothorax. All p values less than 0.05 were

considered significant. All data were analyzed using SPSS 20.0 (IBM corp.) statistical software.

DOI: 10.2298/SARH160712062R Copyright © Serbian Medical Society
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RESULTS

During 2012, in our center, 1141 procedures were performed. In this study 999 patients were
included. We excluded 129 patients in whom CRM device was replaced and 13 patients in whom an
ILR was implanted. Patient, operator and procedure characteristics are presented in Table 1. The
majority of patients were males (66.6%) and the mean age at implantation was 68.149.2 years. Most

Table 1. Patient, operator and procedure characteristics. P atients  received ‘a " dual-

Parameter n % Ptx(n) chamber pacemaker (46.8%)
Male 665 66.6 10
Age 68.1+92 73.4+73 and most procedures  were
Chronic obstructive pulmonary disease 65 6.5 0 )
VI 266 26.6 4 performed by experienced
DDD 468 46.8 10 operators (77.6%). In' total,
ICD-VR 80 8.0 1 :
Device type ICD-DR 16 1.6 1 618 _ atrial . leads  were
CRT-P 123 12.3 1 . .
CRT-D 2 29 1 implanted,  dominantly by
Lead revision 24 2.4 0 sublavian vein puncture and
Operator Experienced 775 77.6 13 o )
experience Not experienced 224 22.4 5 995 leads in right ventricle,
Intravenous contrast : : 49 4'.9 3 mainly by cephalic vein cut-
ICD - Implantable cardioverter-defibrillator; CRT - Cardiac
resynchronization therapy; Ptx - pneumothorax down (Table 2). Venous

access for all 146 leads for coronary sinus was with vein puncture, subclavian or axillary. In some
patients double cut-down of the cephalic vein was used to implant atrial and ventricle lead, and in
some multiple punctures of the subclavian vein were required. The diagnosis of COPD was set in 65

(6.5%) patients before implantation. During procedure, for easier visualization of the axillary and

Table 2. Venous access technique in regard to lead type.

Venous

ICD ICD CRT CRT Total n Ptx
VVl DDD VR -DR P D Upgrade LR (%) acctfss (%) n
technique
3VVI Cephalic vein 202 0
cut-down (32.7)
— DDD 618  Subclavian 362
AL 0 465" 0 14 111 20 + 3 uoeav 7
2 ICDVR (35.1) vein puncture  (58.6)
Axillary vein 54
— DR 1
puncture 8.7)
Cephalic vein 600 0

cut-down (60.3)
995 Subclavian 364
RVL 266 4638 80 16 123 22 0 20 (56.6) vein puncture  (36.6) e
Axillary vein 31
puncture 3.1
Cephalic vein 0
cut-down (0.0)
146 Subclavian 137
CSL 0 0 0 0 123 22 0 ! (8.3)  vein puncture  (93.8) !
Axillary vein 9

puncture (6.2)

AL - atrial lead; RVL - right ventricle lead; CSL - coronary sinus lead; ICD - implantable cardioverter-defibrillator;

DOI: 10.2298/SARH160712062R Copyright © Serbian Medical Society
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subclavian vein, intravenous contrast injection in the peripheral arm vein was used in 49 (4.9%)
patients.

In our study population, the incidence of pneumothorax was 1.8%. If we know that the total
number of vein punctures, subclavian or axillary, is 957, than we can conclude that 1.9% of all

Table 3. Correlation between patient, operator punctures led to pneumothorax, as procedure
and procedure characteristics with occurrence of

pneumothorax (dependent variable). related complication. Invasive treatment of

Predictor B P pneumothorax was required in 13 “(72:2%)
Sex -2.136 0015 . o . .
Age 4315 0.001 patients, an aspiration of free air was made in 9
VVI 16.479 0.998 0 0 . .
DDD 19712 0.998 (50.0%) and 4 (22.2%) patients were treated with a
ICD-VR 21.169 0.996 chest tube. There were no fatalities due-to detected
ICD-DR 21.614 0.998 _ AV ,
CRT-P 18.136 0.997 pneumothorax. In multiple dogistic. regression
CRT-D 23.464 0.998 : . :
>
COPD 17.147 0.997 analysis we identified age >75 years, female
Operator experience -0.485 0.650 gender, venous access with  subclavian vein
Subclavian vein puncture 2.672 0.045 N i
Axillary vein puncture - 0.646 0.606 puncture and use-of intravenous contrast during
Intravenous contrast 3155 0.007 procedure as risk”factors for the occurrence of
B - Regression coefficient; COPD - Chronic
obstructive pulmonary diseas. pneumothorax during implantation of CRM
devices (Table 3).
DISCUSSION

The incidence of pneumothorax as procedure related complication after CRM devices
implantation in our sample was 1.8%. Previous studies have found an incidence varying from 0.7 to
5.2% [3]. It is difficult to compare our results with findings of other studies, because many factors
have an impact on this variation in the incidence of pneumothorax. When we examine the results of
some study it is importantto analyze the study design, characteristics of study population, to consider
differences in surgical techniqueand clinical recognition of pneumothorax. In our observational
retrospective 1-year survey, population is large and widely selected. Our position is that cephalic vein
cut-down is preferred to subclavian vein puncture as venous access. Some of operators in our center
choose to implant two leads using cephalic vein, when diameter of vein is sufficient. The puncturing
the axillary vein is routinely done in our center. We have not done routine post-procedural chest X-
ray,-but our patients have been continuously monitored and every symptom that can indicate that
pneumothorax is occurred, such as chest pain or respiratory distress, is followed by chest X-ray and
then pulmonary examination. In large, nationwide study that was performed in Denmark, based on
date from the Danish pacemaker register, the incidence of pneumothorax was 0.66% [4]. In this study
only patients with pneumothorax treated with a chest tube were abstracted. As well, patients with
implanted ICDs were not investigated. In a study from 2006 Pakarinen et al. found that the incidence
of pneumothorax after CRM devices implantation was 1.9% [1]. In this study pre-discharge chest X

ray was routinely done and axillary vein puncture was preferred as venous access. The same incidence
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of pneumothorax was seen in Dutch multicenter study from 2007 [5]. Bond et al. enrolled 1286
patients and found a pneumothorax rate of 3.7% [2]. In this study post-procedural chest X ray was
done for all patients, the favored method of venous access was via the subclavian vein, procedures
were done by 16 different operators with very differing levels of experience and pneumothorax was
managed conservatively in even more then 55% of patients [2].

This study confirms that patients older than 75 years have higher risk of developing of
pneumothorax as procedure related complication. This finding is in accordance to previous studies
[6]. In PASE study age >75 years was associated with higher risk of pneumothorax and in/Danish
study this complication was statistically more frequent in patient >80 years [4,7].

In our study pneumothorax was significantly more often in women. Some previous studies
showed similar results. Peterson et al. concluded that gender was independent factor associated with
adverse events, including pneumothorax, in patients receiving an ICD [8]. Nowak et al., in study that
included more than 17 000 patients, showed that women had significantly more frequent
pneumothorax after pacemaker implantation, regardless of age and implanted pacing system [9]. The
same conclusion was made in Danish study [4]. There are many possible explanations for this finding,
from differences in anatomy, smaller body size, to hormonal differences and higher prevalence of
comorbidities and risk factors in women.

We found that subclavian vein puncture is procedure related risk factor for the development of
pneumothorax during implantation of CRM devices. This finding is confirmed in many previous
studies [3,4,10]. There are many advantages of puncturing the subclavian vein. Extensive skin and
muscle dissection is not needed, the access to subclavian vein is easy for experienced operator and
this vein can be used repeatedly [3,11]. The most important disadvantages of this approach are
increased incidence of intraoperative complications such as pneumothorax or bleeding and chronic
complications like lead damage (insulation damage or lead fracture) and venous thrombosis [3]. On
the other hand, cephalic vein cut-down rarely leads to procedure related complications, but for this
approach operator should have better surgical technique and sometimes cephalic vein cannot be
located or used [3]. Third method used for venous access is axillary vein puncture. This approach is
not-often used due to a fear of pneumothorax, but for experienced operator, who well knows the
regional anatomy, this should be the method of choice [11-13]. Considering these facts, in most
centers cephalic vein cut-down is preferred to subclavian or axillary vein puncture as venous access,
but whenever the cephalic vein cannot be found, or it is too small and thin, puncturing of subclavian
or axillary vein must be done. In our center cephalic vein cut-down is preferable to subclavian vein
puncture as well, and the puncturing the subclavian and axillary vein is done routinely by
cardiologists and surgeons.

It is expected that risk of pneumothorax is higher after implantation of dual than single chamber
devices due to the higher probability of vein puncture, but also that pneumothorax is more common

after implantation of resynchronization than antibradycardia pacemakers because during implantation
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of CRT at least one vein puncture is needed [14,15]. But in our study, we did not find significant
relation between type of implanted device and pneumothorax.

Although we expected that the incidence of pneumothorax will be higher in patients with
COPD, our results are somewhat surprising [16]. Not only that we did not find significant connection
between COPD and pneumothorax, but none of our patients with COPD developed pneumothorax as
procedure related complication. In Danish study COPD was patient related risk factor for this
complication [4]. A possible explanation for our result is that access via cephalic vein was used in
most patients with COPD, that intravenous contrast was routinely used, before the puncturing of
subclavian or axillary vein in this subpopulation and that our operators are quite experienced.

In our study the incidence of pneumotorax was not lower in implantations performed by
experienced doctors. This is not surprising result because trainees in our center work under the strict
supervision of their mentors. Pakarinen et al. found that pneumothorax was.much more;common in
pacemaker implantations performed by trainees, but in Danish study ssignificant relation between
pneumothorax and experience of operator was not found [1,4].

In our center, when cephalic vein cannot be located or used and the puncturing of subclavian or
axillary vein is difficult intravenous contrast injection in the peripheral arm vein is used. Contrast
venography did not lead to a reduction in the frequency of the pneumothorax in our study. On the
contrary, we found that the use of intravenous contrast during procedure is a risk factor for the
development of pneumothorax. Possible explanation for this finding is the fact that operators in our
center choose to give intravenous contrast after multiple unsuccessful punctures, when high risk of
pneumothorax has alredy exist. In other studies ‘the role of contrast venography in reducing of

incidence of pneumothorax was not tested.

CONCLUSION

Our observational retrospective 1-year single-center survey shows that pneumothorax is
relatively rare complication of CRM devices implantation that often requires intervention of thoracic
surgeon. We identified 4 variables as risk factors for this complication, age >75 years, female gender,
venous access’ with subclavian vein puncture and use of intravenous contrast during procedure.
According to these findings, for reducing the incidence of pneumothorax as procedure related
complication, cephalic vein cut-down should be preferred to subclavian or axillary vein puncture as
venous acceess, in the case of difficult vein puncture contrast venography should be done immediately,
beforerisky punctures, axillary vein puncture should not be avoided and trainees should work under

the strict supervision of their mentors.
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