KAROLINSKA HOSPITAL
DEPARTMENT OF CARDIOLOGY
SWEDEN

ANNUAL STATISTICAL
REPORT 2016

SWEDISH I(D &
PACEMAKER REGISTRY

®

L )




TABLE OF CONTENT

STATISTICS - PACEMAKER......coiiiiiii e 9

IMPLANTS PER REGION ...ttt ettt sttt et e e b e et oot et e oot et e e s an et e e be e e e e b et s e e b e e e e s e e e sbr e e e sabne e e sabneeaas 10
IMPLANTING HOSPITALS ..ottt ettt e ket e ke e e ok e e e sa b b e e e ah b et e ek b e e e e b b e e e e abb e e e sab e e e s sane e e e nbaeeesrneeennn 11
IMPLANTS PER COUNTY
HISTORICAL IMPLANTATION RATES ... ittt ettt s ket s ke e e st bt e e s hb e e e e s ba e e e e be e e e eare e e s nr e e e snneeeas 14
PACEMAKERS PER MANUFACTURER .....oooiiiiiiiitie ittt e e e et e e e e s e e e s e e e sann e e s 15
LEADS PER MANUFACTURER
AGE DISTRIBUTION MALES/FEMALES ...ttt ettt h ettt b et sab et e e it e b e et e nan e ere et s 17
TYPE OF IMPLANTS ittt ettt h e et e e s e e e s et e e o2 b et e e oh b et ook b et e ok b e e e sab e e e sas s e e e abb et e e kb e e e s abb e e e st e e e e naneeeesrnen s 18
LEAD TYPES
LEAD ACCESS ... ettt ettt sttt ekt ek e e b e e e o R et e oo R e e e oo R e e e h R e e e e R e et e h et e e R et e e R e e e s bt e e nab et e e ahae e e e ra e e e sraeenaan 20
SUB TYPE .ottt et oo ettt e e h e e e s LR e e oAb a e oo eh e e e ek et e e R e e e e b e e e e b et e e aR bt e e b b e e e a e e e a e nenen s

AETIOLOGY
SYSTEM UPGRADE ...ttt ettt ettt et e e st et e e s he e e e e he e e oo Ee e e e aE e e e sk e e e e oo b et e e e s b et e e s e e e sab b e e e sabr e e e sabn e e s asbe e e ntneas
CLINICAL INDICATIONS ..ottt ettt e e b e e e e e st e e s e b bt e e 4h b et e ek b e e e 2 bbb e e aab b e e e sab s e e e abb e e e e be e e e enbe e e s eaneeesanneeesanes
FIRST IMPLANT ECG INDICATION
FIRST IMPLANT PREPACING ECG ...ttt ettt s et e ekt e sk e e e st e s sabe e e e sbb et e e ba e e e eneeeeaans
USE OF PACING MODES FIRST IMPLANT ...ttt sttt sttt st e et e sb et e e e e e e e e s st e s s n e e s ssne e e s tn e e e nanneas
USE OF PACING MODES FIRST IMPLANT PER HOSPITAL ...
REASON FOR GENERATOR EXPLANT ..ottt st sttt e e s hs et e e b e e e e e e e s et et e e sbn e e e s be e s e e re e e e snreeesnnes
REASON FOR GENERATOR CHANGE HISTORICAL ....ooiiiiiiiiiiiie ettt e e e e nnne e
REASON FOR LEAD CORRECTION
REASON FOR LEAD EXPLANT ittt ettt et e e s et e st e e sk e e e sab bt e e sh b et e sk b et e s bb e e e st b e e e sane e e e naneneennnneeann
OPERATORCODE FOR IMPLANTS .ottt sttt ettt e be e e e e b et e e e e e e ot e e sa bt e e ea et e s b b e e e sab b e e e sabr e e s nebneesnbneeeaaes

STATISTICS = ICD.. i e e 38

IMPLANTING HOSPITALS ....oveoevveeeveoeeeeee e eeeeeeeeeeseeese e eeseeeseeeeesseeeseeeeseeeee s s eeseseeseeeeeseeeeeeeseseeeesee e e essseeee e eeseeeeeeeeese s 39
IMPLANTS PER REGION
IMPLANTS PER COUNTY
PRIMARY PREVENTATION PER REGION ......couvvoiieeeiereeeeeeeeeseseeeeseeeoeseeeseeeeeeeseseeseeeesseeseseese s eesesess s seseeseseseeseseeee e 43
PRIMARY PREVENTATION PER COUNTY ....oooovooiieeeeeee oo eeeeeeeeeeseeeeseeeeeeeeeesseeeseeeseseseeeese s eeeeeeee s eeess e ese e eeee e a4
HISTORICAL IMPLANTATION RATES
ICDS PER MANUFACTURER .....ooooioveeteeeeeeee e seeeeseeeeeeeee e eeeeee s eeeeeeeeses e eseeee e eesee e e e es e ee e eees e ee s ee e ee e
LEADS PER MANUFACTURER .....oooooieeeeeeeeeeoeeeeeeeeeeeeeeeee e seeseseeeeseeesee e e eeses e s e s e e e e s e seee s eeeseeaeeeeesse e e eee s esee e
AGE DISTRIBUTION MALES/FEMALES
AGE DISTRIBUTION PRIMARY PREVENTION ....oovooivieiieeoeieeeeeeeeeeseeeeeeesseeseees s eseees s s ese s s sseeeeessees s eeeseeseeeeseeseeeee 49
TYPE OF IMPLANTS ...ooooeeeeeeeeeeeee oo eeeeeeeees e s eee e se e e s e e e eee s e e e e e eeee e 50
LEAD TYPES
LEAD ACCESS ...ooveeeeeeeeeeeeeeeeeeeeeeeeee e e eeese e e e esee e e s s e s s e e s e e e s et e e
SUB TYPE .o e e ee e s e e s oo st e et
CLINICAL INDICATIONS
HISTORICAL CLINICAL INDICATIONS .....oveoeoveeeeeeeeeeeeeeeeeeeeeseeeeeesseseeeeeeesseeeseeeeeseseeseeeeeseeesseeseseeeeseeeeeeeeeseeeeseeeeseeeee e 56
AETIOLOGY FIRST IMPLANT ...cooooeieeeeeeeeeeeeeeeeeeee e ee e eeeeee s ee s s ee e eses s ee s see e ee s eee e ee e ee e s e ee e seeee e

AETIOLOGY PRIMARY PREVENTION
ECG INDICATIONS (TACHY) FIRST IMPLANT ....oooiveeeeeeeseeeeeeeeeeeeeeeee s eseeeseeee e eese s ese s e eeseeeeseseese e s seseeeeree e 59
PREPACING ECG (TACHY) oooooeeoieeeoeeeeeeeeeeeeseeeeeee e eee s s ee e e se e eeeseee e eeesee e eeeeee e e eee s e s e s s e e s eeeeeeesee s

REASON FOR GENERATOR EXPLANT
REASON FOR GENERATOR EXPLANT HISTORICAL ......ocoivvoieeeeeeeeeeeeoeeeeeseeeeseeee e eeeseeseeeeseseeseeeseesseeeeseeesse e 64
REASON FOR LEAD EXPLANT ....ooveoiveeoieeeeeeeeeeeeeeeeseeeeeeseeeseeseeeseeeseeeeesseesseeesseeeeses e s eeseeeseeeee s eeeeeeee e eeseeeeeeeeeeseeeeseeereesenens

REASON FOR LEAD CORRECTION ...
OPERATORCODE FOR IMPLANTS ......ooooiveeeeeve oo eeeeeeeeeeeeeeeseeeseeeseeeeeeeseseeeeeeseeseee e s se e eeeeeeeeseees e eseeeeseeeeeeeessee s eesreeeeeens

USE OF PACING MODES FIRST IMPLANT PER HOSPITAL w....ocoiveoieeeeeeeeeeeeeseeeeeeseeeeseseesseessseeseseeseseeesseesssesesseesesesenseessenes 62

STATISTICS = CRT ettt e e e e e e e e eas 70

CRT — HISTORICAL IMPLANT RATES ...ttt e [RTTTROUR 73
CRT-P — IMPLANTS PER COUNTY ..ot h e s e a e e e s b e s e s at e et e e na e e sae e snee e 81
CRT-D — IMPLANTS PER COUNTY ...
CRT — IMPLANTS PER COUNTY ........ . 71
CRT-P — IMPLANTS PER REGION ..
CRT-D — IMPLANTS PER REGION .........cccccuet .. 84
CRT-P — AGE DISTRIBUTION MALES/FEMALES ..
CRT-D — AGE DISTRIBUTION MALES/FEMALES .

CRT — SYSTEM STATUS .....cooiiiiiiieecee, . 14
CRT — TYPE OF IMPLANTS e 12
CRT — MEDICATION ................ .. 15
CRT — MEDICATION PER HOSPITAL .............. .. 16
CRT-P — OPERATORCODE FOR IMPLANTS ..... .. 18

CRT-D — OPERATORCODE FOR IMPLANTS ..... .. 79



TABLE OF CONTENT

STATISTICS - ILR

TYPE OF IMPLANTS .........

CLINICAL INDICATIONS ..ottt iiiiiiie ittt et ettt e e e ettt e e et e ettt e ee e e e e st saee st et ba s eee e e s baa s e e e s e s aaa e eees s e s ban s eeseesbannaeesesssbanseeeeessbanaeeeens 90

REASON FOR REMOVAL ..ottt ettt ettt e e ettt e e e et ettt eee e e ettt e e e s eesbaateee e e s s bt eee s e e s ban s aee e e e s baa s eeseesbaanaeessesbbansaeesessranaaes 91

PN O I (O ] AN i It = | PSRN 92
QUALITY c. oottt e e e et et ee e e e e e et e e e e e ee e e et e e e en et es e et ee e ee e et e eeeeeneee

PACEMAKER — FIRST IMPLANT HIGH DEGREE AV-BLOCK .......oiiiiiiiiiiiiice e
PACEMAKER — AV BLOCK MODES USED PER HOSPITAL ....ooiiiiiiiiieiii e
PACEMAKER — FIRST IMPLANT SINUS NODE DYSFUNCTION .....coiiiiiiiiiiiiie it
PACEMAKER — FIRST IMPLANT SINUS NODE DYSFUNCTION PER HOSPITAL
PACEMAKER — LEAD DISLOCATION ..ottt e e et e bbb e e s b e e e b e s in e e be e s e e sbessane e e
LEAD EXTRACTIONS ...ttt e h e bt e b s h b e b e e e H b e s b e e s h bt e e b e e e b e e s be e e b e e s ae e e b e e s b e e s b e e s aa e e sae s s neeeree s
PACEMAKER — COMPLICATIONS .........cccvviieene
PACEMAKER — COMPLICATIONS PER HOSPITAL
ICD — COMPLICATIONS ....cooiiiiiiiiiiieieeeee e
ICD — COMPLICATIONS PER HOSPITAL ..ottt bbb e s e e s e sin e e reeee
CRT — COMPLICATIONS ...ttt b e e e b e e s a b e s b e e e a e e s b e e s b e s he e e b e s e hb e e b e e s hb e e s b e s s ab e e be e s b e e sbaesaae e
PACEMAKER — FLUOROSCOPY PER HOSPITAL ...
PACEMAKER — FLUOROSCOPY PER SUBTYPE .....oiiiiiiii et
PACEMAKER — KNIFE TIME PER HOSPITAL ..ottt s e st b e s
PACEMAKER — KNIFE TIME PER SUBTYPE .
ICD — FLUOROSCOPY PER HOSPITAL ...
ICD — FLUOROSCOPY PER SUBTYPE ....
ICD — KNIFE TIME PER HOSPITAL ...ttt et s s b e bbb s e b s e e b e e s a e s st eaeas
ICD — KNIFE TIME PER SUBTYPE ...ttt s bbb e b e a e s b e sbe e s ne e
CRT — FLUOROSCOPY
CRT — KNIFE TIME PER HOSPITAL ..ottt bbb e s b e e s b e s s st s e s e
PACEMAKER — GENERATOR SURVIVAL ....ooiiiiiiiii st
PACEMAKER — GENERATOR SURVIVAL PER MANUFACTURER .
PACEMAKER — GENERATOR SURVIVAL PER MODEL ...
PACEMAKER — LEAD SURVIVAL ......ccocoiiiiiiiiiieee,
PACEMAKER — LEAD SURVIVAL PER MODEL ....ccoiiiiiiiiiii it s
PACEMAKER — PATIENT SURVIVAL ....oiiiiiiiiiii et b e s e e b e s sb e saa e bbb
ICD - FREE OF EVENT ......cccoe.
ICD — GENERATOR SURVIVAL ....
ICD — GENERATOR SURVIVAL PER MANUFACTURER ..
ICD — GENERATOR SURVIVAL PER MODEL ..ottt st
ICD — LEAD SURVIVAL ..ottt s h e s b e s b e st e e b e e e b e s b e e e b e s h b e e b e e s bb e e sh e e s aa e et e e e b e e seeeeans
ICD — LEAD SURVIVAL PER MODEL
ICD — SURVIVAL MEDTRONIC SPRINT FIDELIS ....ccoiiiiiiii et
ICD — SURVIVAL SIM L5% L.ttt h e s b e e e s bt e a et e b e e s b e e s b e e s b e e sh e e st e e s be e e b e e sae e e b e e sab e e sbeesiae e
ICD — SURVIVAL SIM 70* ...
ICD — SURVIVAL SJM Fortify ..
ICD — SURVIVAL SJM Unify ....... .
ICD — SURVIVAL SIM QUAAIA ...ccuviiiiiiiiiiitie ittt st st b e s b e s ha e s b s b e e b e e s b e s ba e s b e s ab e e b e e s ba e e sae s san e
ICD — PATIENT SURVIVAL ..ot et b e e e s b e et e e s b e e b e e s b e e e b e sab e s b e e s ab e e she e s e e e sbe e s b e e sreeeane
CRT - FREE OF EVENT
CRT-D — GENERATOR SURVIVAL ....ooiiiiiiie et e s it e s b e e s e e san et e e s b e sbe e
CRT-P — GENERATOR SURVIVAL ..ottt s bbb s b e e s e b e b e e sbe e s b e sane e ne e e
CRT-P — PATIENT SURVIVAL .......

CRT-D — PATIENT SURVIVAL .......cccecuvennen.
DEAD WITHIN ONE YEAR FROM IMPLANT ...ttt et s sbe e an e sbe e b sbe e

Page 3



STATISTICAL REPORT SWEDISH ICD- AND PACEMAKER REGISTRY 2016

Foreword

We are proud to present the annual report for 2016 regarding Pacemaker and ICD treatment in Sweden.
We have over the last years focused on longevity of devices, leads and complications triggered by the
current events.

Complications are shown for each type of implantation for the country, for the region and hospital. There
is also an ongoing discussion regarding concentration of therapy to fewer centers to improve outcomes
by increasing the numbers of procedures per operator. We publish data on all individual implanters for all
centers except two, Danderyd and St Goérans hospital, who choose to have anonymous statistics.

Lead extractions are reported per hospital using the definition by ACC, the removal of a lead with an
implant duration of > one year regardless of the method and leads of < than one year if tools are used.
All hospitals performing lead extractions are not sending complete data yet and in some cases only the
number of procedures is shown.

The report contains data from all implanting hospitals and > 95% of all procedures are reported when
validated against the Patient care registry from Socialstyrelsen in an annual validation process.

Implant rates Pacemaker

There are 52593 active pacemaker patients in Sweden at the end of 2015, a decrease by almost 3000
patients. There are regional differences with the highest implant rates in the regions of Gotland and the
larger northern region of Vasternorrland. Lowest are Orebro and Stockholm who are densly populated
areas but with a younger population.

The overall implant rate has increased somewhat from 2014, 691 to 700 implants per million and the
population has also increased and thereby the total number of first implants to an all time high of 6892 new
implants.

No new centers have started and the number of implanting hospitals is 43.

Age and Gender distribution of pacemaker treatment

The average age for females receiving pacemaker treatment is 77 y and males 76 y and eight patients
over 100 years of age received primary implants. There is a male predominance with 60% of the new
implants going to male patients but generator changes are more common in females due to the higher
average survival of females in the country. There is no change in this distribution compared to previous
years.

Pacemakers and leads

The manufacturers” shares of the market show only slight redistribution and all regions are bound by
tenders for 1-3 years. St Jude medical is now again largest with 41%, and Medtronic with the brand
Vitatron is now down to second place with 28% market share. The smaller brands of Sorin and Biotronik
are still at low market shares and Boston has increased its market shares to 19% in brady segment.
Pacemaker leads are now solely bipolar. Active fixation is used to 99% in the atrium but only to 88% in the
ventricle where passive leads are used more commonly than in the US for example. We have now active
fixation LV leads and 17% of the LV leads were active fixation, an increase from 14% in 2015. Quadripolar
lead technology for CRT has rapidly increased and 65% of the LV leads are now quadripolar, an increase
from 57% 2015.

15313 leads were implanted all together.

Only a small number of epicardial systems are implanted in small children and patients without venous
access and in some CRT patients. Venous access is almost equal between cephalic cut-down technique,
52%, and direct subclavian puncture 39% and 8% axillary punction which has increased as access route.
The leadless pacemaker systems are new in clinical use and Medtronic Micras were implanted in 15
patients in 2016.
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Pacemakers

All pacemakers implanted have RR capability and DDD-R is the most common subtype, 78%. CRT-P is
used in small numbers, 5% of all PM implants which is slightly lower than previous year.

The rate of MRI safe systems has increased rapidly approximately 90% of the systems implanted are MRI
safe. The trend from the manufacturers to label older leads together with new pulse generators as MRI
safe have made it difficult to keep correct track of the percentage.

The most common aethiology for pacemaker treatment is still the “conductive tissue fibrosis” 81% and
ischaemic disease is more common in males, 9 vs 5%. The usage of the term “conductive tissue fibrosis”
is most probably too high and only represents a lack of proper diagnosis when entering registry data.
System upgrade is increasing, especially in brady-paced patients with heart failure and in 2016 a total of
239 patients were upgraded from normal brady pacing to CRT compared to 2015.

The most common symptom is syncope followed closely by dizziness and dyspnea. ECG indications are
in 2016 as before mainly related to sinus node disease with AV conduction disorders second. Sinus node
disease is slightly more common as an indication in women than in men.

Smaller hospitals tend to use VVI-R pacing more often than larger hospitals for AV-block and SSS.
Generators, used to ERI criteria, are fulfilled in 65% of the cases and 1% exhibit premature EOL. Lead
failures are uncommon and survival rates are very good with a 10 year survival of all types of leads.

Implanting organisation

The number of procedures for each implanter vary to a large extent between hospitals. Recommendations
as to minimum number of procedures from EHRA is not routinely followed, especially regarding CRT
implantation. A recommendation to implant volumes were made by the Swedish Cardilogy Society’s
Arrhythmia Group in 2016 and it will be followed up in 2017.

Implant rates ICD

There are 10529 active ICD patients in Sweden 2016 and this is a >2% increase over 2015. The number
of centers implanting ICD’s is 32 and represents roughly 2/3 of the PM implanting centers although 8
centers do <20 implants per year, well below recommendations by ESC and the Swedish national society.
The national implant rate is the same 2016 as 2015, 149 vs 151. Implant rates show the same regional
differences as in pacemakers with the highest rates in the north, 254 in Vasterbotten and the lowest in the
western region 112 per million. Two regions show a decrease, Uppsala/Orebro and South Eastern region.
The highest and lowest implant rates for primary preventive ICDs are in South Eastern region and Western
region, both well below the national average of 99 per million. Clear explanations for this are not at hand.
About 36% of the ICD procedures are replacements, in 2016 increased by the SIM alert, but could be
expected to go down with generators now showing increased longevity.

As with PM the regions are bound by ICD purchasing tenders and manufacturers” share show only slight
variations over previous years. SIM is the largest with 44% market share, Medtronic second with 40%, a
decrease from 47% and first place in 2015. Boston Scientific has increased its share to 11% in 2016 and
Biotronik is smallest with 5% market share. A small number of Cameron Health devices were implanted
but the numbers are not increasing.

ICD Patients

The average age for ICD implants is stable at 65 years in males and 62 years in females for all types

of implants, unchanged from previous years. 62 patients in the age group 80-89 received their first ICD
implant, among which 38 were primary prevention.

Clinical indication for all ICD implants was secondary prevention in 30% and primary 70%. Primary
prevention is showing a slight increase.

Aethiology was ischaemic heart disease in 46% of all patients but more common in males, 50% vs 29%
males vs females.

Medication at the start of therapy is displayed in tables.
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ICD Subtypes and leads

83% of the leads are now single coil and 98% were active fixation. An increase in single coil use from 74%
in 2015. Venous access is comparable to PM implants with an equal distribution between cephalic cut-
down and direct subclavian puncture. Subtypes are 37% DDDR devices, 38% CRT-D, an increase from
35% in 2015, and 24% were VVI-R devices.

Only 59% of the ICD’s are used until normal EOL/ERI, 8% are changed due to system upgrade, CRT.
Technical recalls stand for 1,2% of all box changes and premature EOL is 2,4%.

ICD leads display larger failure rates compared to pacemaker leads but overall longevity is still good.
Specific statistics for Sprint Fidelis and Durata leads are displayed in the quality section.

The number of procedures display the same large variation in volumes as with pacemaker procedures at
different hospitals and some are clearly below recommended volumes.

CRT implant rates

Implant rate of CRT systems is only increasing slowly in Sweden, 66 per million CRT-D and 48 per million
CRT-P new implants which is up slightly from 2015.

The number of centers performing CRT implantations is less than the number doing ICDs, 22 vs 32. The
number of CRT procedures per implanter range from 1-87 and only 1 implanter performed >50 implants
and 15 implanters out of 72 perform > 20 implants per year which is the recommended minimum.

The distribution between CRT-D and CRT-P systems shows regional differences with some regions doing
almost exclusively CRT-D systems. The failure rate at implant is according to the registry 5% but this is
most likely an underestimation when compared to the literature.

CRT patients

The average age of CRT-P patients at first implant is 76 years and CRT-D patients 67 years with a large
male predominance, the same as last year. Medication for patients receiving CRT for the first time is given
in tables.

ILR

827 ILRs were implanted in Sweden 2016 which is up by 5% since 2015 with the main indications being
dizzy spells and syncope. At the end of the ILR investigation period 49% of the patients were found to
have a PM indication and 5% an ICD indication. The rest 46% showed no pathological rhythm during the
FU. In 4% a new ILR was implanted to extend the monitoring period. The most common finding during
regular FU was, however, normal sinus rhythm in 81% of the registered FU events.

Quality of device treatment, pacemakers, pacing modes

In high degree AV block only 5% of the patients receive VVI-R systems on average but to a higher degree,
11%, in small hospitals.

The use of pacing mode in sinus node disease show the same tendency with 6% VVI-R systems on
average but 17% in small hospitals.

Lead extraction

The number of lead extractions is increasing and there are now 5 centers performing regular assisted lead
extraction. Karolinska 158 leads, Sahlgrenska 106 leads, Uppsala 69 leads, Linképing 31 leads and Lund
19 leads. The numbers are expected to increase in 2017.

The most common reason is infection. Preventive extraction of leads with problems such as Medtronic
Sprint Fidelis and SIM Riata are also performed in a number of cases.

Methods and success rates are displayed for those hospitals that have complete reporting.
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Complications Pacemaker

The total complication rate for pacemaker procedures is 5,5% vs 5.0% in 2015 with lead dislodgement
being the most common. Passive atrial leads show the highest dislodgement rate with 4% vs 1.7 for active
fix atrial leads. SC leads show the same tendency with 2% dislodgements for all passive types and 0.8 %
for the Medtronic screw type SC lead.

There is a variation among the operating hospitals and lead types. Hospitals that have registered <3% in
total complication rate can be regarded as not having complete registration. This is based on literature
regarding pacemaker procedure complications with a common rate of 5-15%.

Complications ICD

The overall complication rate to ICD treatment is 8.1% and is down slightly from 9,1% in 2015. The most
common complication is lead dislodgement 2.8% followed by infection with 1.0%.

The rate between hospitals is also given in tables and as with pacemaker treatment %ilt;3% is considered
incomplete registration.

Complications CRT

This is presented as a both CRT-D and CRT-P complications. Both figures 7.8% and 7,4% are very low
and do not compare well with literature findings of up to 15% complications. Most common is as with ICDs
and PMs lead dislodgement 3,1% vs 3,6 CRT-P, CRT-D. Most commonly it is the SC lead that dislodges.

Procedures

Duration of fluoroscopy and procedure times are given for all types and hospitals in tables. The procedures
that have been performed in less than 10 at different sites are marked as not reliable for comparison.

A single chamber device as a mean takes 39-48 minutes to implant VVI-AAI, and a dual chamber device
49 min and a CRT system 83 min.

Device longevity ICD and PM

Generators generally have very good longevity with an average for pacemakers of 99.4% after 5 years but
there are large differences between models and manufacturers. Each model is given in the tables.
Pacemaker lead survival is very good with a survival rate of 98,3% after 10 years with very little difference
between models and manufacturers and slightly up over the previous years.

ICD generator survival is more heterogeneous than PM generator survival with larger differences between
manufacturers and models and an average of 95,6% after 5 years.

SJM Fortify and Unify were identified as problem generators in 2014 in our registry, long before the SIM
alert and survival curves were given for each model.

ICD lead survival is also shorter than pacemaker lead survival, 95% vs 99% after 10 years.

The Medtronic Sprint Fidelis models were implanted in 826 cases in Sweden and the survival rate is 81%
after 10 years and decreased as expected from previous years.

In the St Jude Riata models failures are increasing and 10 year survival is now down to 76%, down from
82% in 2015.

Patients

The ICD patient survival is 70% after 5 years for ICD patients and 69% for pacemaker patients.

The heart failure patients, treated with CRT, also have the shortest expected survival rate among the PM
and ICD patients. The 5-year survival rate is 62 % for CRT-P patients vs 34 % for CRT-D patients.

One year mortality is 9% in PM patients, 5% in ICD patients 13% in CRT-P patients and 6% in CRT-D
patients
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Fredrik Gadler
Manager Swedish National ICD and Pacemaker Registry

Page 8



STATISTICS — PACEMAKER

Page 9



STATISTICS — PACEMAKER - IMPLANTS PER REGION

The regions are based on where the patients live, not where they are treated

Region
Stockholm/Gotland
Uppsala/Orebro
South-East Sweden
Southern Sweden
Western Sweden
Northern Sweden
Total

Population No of first impl

2327063 1244
2060491 1585
1047141 669
1811802 1272
1857960 1265

890696 779
9995153 6814

Implants per million 2016(2015)

North
875(892)
Uppsala/
Orebro
769(731)

Stockholm/
Gotland
535(546)

No per million
535
769
639
702
681
875
682

Active patients
11168

12189

5231

10324

10202

5754

54868
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STATISTICS — PACEMAKER — IMPLANTING HOSPITALS

Region
Northern Sweden

Southern Sweden

South-East Sweden

Stockholm/Gotland

Uppsala/Orebro

Western Sweden

First implants per hospital

Hospital

Norrlands Universitetssjukhus
Skellefted lasarett

Solleftea sjukhus

Sunderby sjukhus

Sundsvalls sjukhus
Ornskoldsviks sjukhus
Ostersunds sjukhus
Blekingesjukhuset
Centrallasarettet Vaxjo
Centralsjukhuset Kristianstad
Lanssjukhuset Halmstad
Skanes universitetssjukhus, Lund
Skanes universitetssjukhus, Malmo
Varbergs sjukhus

Linkdpings Universitetssjukhus
Lanssjukhuset Kalmar
Lanssjukhuset Ryhov
Oskarshamns sjukhus
Vrinnevisjukhuset

Vasterviks sjukhus

Danderyds sjukhus

Karolinska Universitetssjukhuset
St Goérans sjukhus
Sodersjukhuset

Visby lasarett

Akademiska sjukhuset

Arvika sjukhus

Centralsjukhuset Karlstad
Centralsjukhuset Vasteras

Falu lasarett

Hudiksvalls sjukhus
Lanssjukhuset Gavle
Malarsjukhuset

Torsby sjukhus
Universitetssjukhuset Orebro
Alingsas lasarett

Drottning Silvias Bus

Kungalvs sjukhus

Sahlgrenska Universitetssjukhuset
Sahlgrenska Universitetssjukhuset /Ostra
Skaraborgs sjukhus Skévde
Sodra Alvsborgs sjukhus
Trollhattan, NAL

2016
151
63
17
233
151
48
124
141
105
233
84
503
236
90
277
73
198
36
65
29
386
324
255
281
27
301

170
172
227
51
244
206
25
180
71
10
55
449
29
188
148
231

2015
183
56
15
221
151
50
114
144
109
206
112
531
273
96
252
68
224
29
101
37
388
367
217
251
46
285

147
158
231
51
203
191
26
183
79
13
10
461
36
218
172
227
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STATISTICS — PACEMAKER — IMPLANTS PER COUNTY

The regions are based on where the patients live, not where they are treated

County
STOCKHOLM
UPPSALA
SODERMANLAND
OSTERGOTLAND
JONKOPING
KRONOBERG
KALMAR
GOTLAND
BLEKINGE
SKANE
HALLAND
VASTRA GOTALAND
VARMLAND
OREBRO
VASTMANLAND
DALARNA
GAVLEBORG
VASTERNORRLAND
JAMTLAND
VASTERBOTTEN
NORRBOTTEN
Total

Population
2269060
361373
288097
452105
352735
194628
242301
58003
158453
1324565
320333
1671783
279334
294941
267629
284531
284586
245572
128673
265881
250570
9995153

No of first
1203
256
228
312
214
108
143
41
141
940
187
1162
195
173
200
233
300
223
119
189
248
6815

No per million
530
708
791
690
607
555
590
707
890
710
584
695
698
587
747
819

1054
908
925
711
990
682

Active patients
10733
2056
1646
2334
1841
915
1056
435
1099
7659
1589
9264
1581
1444
1501
1753
2208
1619
727
1569
1839
54868
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STATISTICS — PACEMAKER — IMPLANTS PER COUNTY

STOCKHOLM 1
UPPSALA -
SODERMANLAND 1
OSTERGOTLAND -
JONKOPING
KRONOBERG 1
KALMAR -
GOTLAND 1
BLEKINGE 1
SKANE 1

HALLAND 1
VASTRA GOTALAND 1
VARMLAND -
OREBRO -
VASTMANLAND 1
DALARNA -
GAVLEBORG 1
VASTERNORRLAND 1
JAMTLAND 1
VASTERBOTTEN -
NORRBOTTEN 1

Swedish ICD and Pacemaker Register

No per million

250 500

1,000

91011

109

B No per million H 2015
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STATISTICS — PACEMAKER — HISTORICAL IMPLANTATION RATES

Years

1970 1
1973 1
1976 1
1981 1
1986 1
1990 1
1995 1
2000 1
2003 1
2004 1
2005 1
2006 1
2007 1
2008 1
2009 1
2010 1
2011 1
2012 1
2013 1
2014 1
2015 1
2016 1

200

Implants/ million

300

400

500

600

700

Page 14



STATISTICS — PACEMAKER — PACEMAKERS PER MANUFACTURER

Market share per manufacturer in Sweden. Medtronic and Vitatron regarded as separat companies

Manufacturer 2013 % 2014 % 2015 % 2016 %
Biotronik 7.6 5.0 6.5 10.0
Boston Scientific 7.7 8.4 14.8 18.8
Medtronic 20.2 21.0 22.0 21.2
Sorin/LivaNova 5.0 5.7 4.4 2.0
St. Jude Medical 37.0 34.2 36.2 41.2
Vitatron 23.9 255 15.9 6.9
Nayamed International 0.1 0.1 0.1 -

Impulse Dynamics

@ Vitatron

@ Biotronik @ Boston Scientific @ Medtronic @ SIM/Abbott O Sorin/LivaNova

Swedish ICD and Pacemaker Register
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STATISTICS — PACEMAKER - LEADS PER MANUFACTURER

Market share per manufacturer in Sweden. Medtronic and Vitatron regarded as
separat companies. From 2011 even including leads implanted in ICD systems.

Manufacturer 2013 %
Biotronik 4.6
Boston Scientific 9.3
Medtronic 33.0
St. Jude Medical 51.2
Vitatron 1.9

Sorin/LivaNova -

2014 %
4.7
111
34.6
48.7
0.8

0.1

2015 %
5.7
14.2
30.4
49.5
0.1

0.1

O Vitatron

® Biotronik ® Boston Scientific © Medtronic @ Sorin/LivaNova @ St. Jude Medical

2016 %
6.6
17.0
23.1
52.9
0.2

0.2
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STATISTICS — PACEMAKER — AGE DISTRIBUTION MALES/FEMALES

Count

1 500

1 250 1

1 000

750 1

500 1

250 1

Age and gender distribution for new implants, total numbers

Age (years) Total no %
0-9 15 0.2
10-19 13 0.2
20-29 37 0.5
30-39 43 0.6
40-49 117 1.7
50-59 281 4.1
60-69 924 13.4
70-79 2446 35.5
80-89 2383 34.6
90-99 628 9.1
100+ 8 0.1
Average age 76 0.0

Male
5

6

21
20
73
172
600
1552
1373
279
1

76

Female
10

7

16
23
44
109
324
894
1010
349
7

77

Total number of implants: 6895

10027

0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99 100+

Age group

H Male B Female
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STATISTICS — PACEMAKER — TYPE OF IMPLANTS

Ratio of new implants versus generator changes

Total Male Female
no % no % no %
First implant 6895 73.9 4102 59.5 2793 40.5
Replacement 2429 26.1 1431 58.9 998 41.1
Total 9324 100.0 5533 59.3 3791 40.7
First implant Replacement

® male ® female ® male @ female

Replacement ratio All implant

@ First implant @ Replacement ® male @ female
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STATISTICS — PACEMAKER - LEAD TYPES

Lead type distribution for atrial and venticular use for first implants
and replacements including all pace leads, pace and ICD systems

Atrial
no
Bipolar 6819
Epicardial 20
Quadripolar -
Atrial
no
Active fixation 6781
Passive fixation 58

Venticular leads

@ Active fixation @ Passive fixation |

%
99.7
0.3

%
99.2
0.8

Venticular LV-lead
no % no
7224 99.5 402
36 0.5 26
- - 786

Venticular LV-lead
no % no
6359 87.6 205
901 12.4 1009

%
33.1
21
64.7

%
16.9
83.1

Total number of leads: 15313

LV leads

® Bipolar @ Epicardial © Quadripolar
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STATISTICS — PACEMAKER — LEAD ACCESS

Venous access for first implants and replacements, all types of pace leads.

Lead access No
Axillaris 1631
Cephalica 7908
Epicardial 82
Jugular 15
Subclavia 5677

@ Axillaris @ Cephalica O Epicardial @ Jugular @ Subclavia

%
10.7
51.6

0.5
0.1
37.1
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STATISTICS — PACEMAKER - SUB TYPE

Implants by subtype (WRLS: wireless)

Mode % No
CRT 4.9 335
DDD 77.9 5374
SSi 17.0 1171
VVIR-WRLS 0.2 15

Total number of first implants 6895

%

CRT DDD Ss| WIR-WRLS
Mode
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STATISTICS — PACEMAKER - AETIOLOGY FIRST IMPLANT

Main aetiology for implanting pacemakers

Aetiology

Amyloidos
Cardiomyopathy dilated
Cardiomyopathy hypertrophic
Cardiomyopathy ischaemic
Conduction tissue fibrosis
Congenital

Drug induced

Endocarditis

Heart transplantation
His-ablation

lonizing radiation
Ischaemic

Long QT-syndrome
Myocarditis
Neurocardiogenic syncope
Other structural heart disease
Post infarction

RF-ablation, complication
Surgical complication
Valvular heart disease

Amyloidos 1

Cardiomyopathy dilated 1
Cardiomyopathy hypertrophic 1
Cardiomyopathy ischaemic
Conduction tissue fibrosis 1
Congenital 1

Drug induced 1

Endocarditis 1

Heart transplantation 1
His-ablation 1

lonizing radiation -

Ischaemic 1

Long QT-syndrome
Myocarditis 1

Neurocardiogenic syncope 1
Other structural heart disease
Post infarction 1

RF-ablation, complication -
Surgical complication A
Valvular heart disease 1

Aetiology

Total %
0.2
1.6
0.2
0.9

80.6
0.4
0.3
0.0
0.0
1.3
0.0
7.0
0.0
0.0
0.3
2.2
0.9
0.2
2.5
1.3

%

Male %
0.3
1.8
0.2
1.1

78.7
0.2
0.3
0.0
0.1
0.9
0.0
8.6
0.0
0.0
0.3
2.2
0.9
0.2
2.7
1.4

Female %
0.1
1.1
0.2
0.5

83.4
0.6
0.4
0.0
0.0
2.0
0.1
4.6
0.0
0.0
0.4
2.0
0.9
0.2
2.1
1.3

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

03|
1im22
09/
02!
25
13!
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STATISTICS — PACEMAKER - SYSTEM UPGRADE

2016
VVIto VVIR 5
AAI/AAIR to DDD/DDDR 21
VVI/VVIR to DDD/DDDR 22
VVI/VVIR/DDD/DDDR to CRT 239

2015
5

21
22
216

2014
5

20
43
142

2013
8

54
85
185

2012
33
68

108
300

2011
13
39
53

127
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STATISTICS — PACEMAKER — CLINICAL INDICATIONS FIRST IMPLANT

Main symptom for implanting pacemakers

Indication Total % Male % Female %
Aborted sudden death 0.4 0.4 0.3
Asymptomatic/Prophylacti