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Abstract
The aim of this report is to describe invasive cardiology proce-
dural practice in Macedonia during the period from 2010 to 2015. 
Details of all consecutive 39,899 patients who underwent car-
diovascular, peripheral or structural heart procedures during the 
period from 2010 until 2015 were examined. Clinical and proce-
dure characteristics, access site, procedural success and compli-
cations were analysed. The number of coronary angiographies 
increased from 5,540 in 2010 to 8,550 in 2015. Transfemoral 
access (TFA) was present in 4% of coronary angiographies in 
2010 and had decreased to 1% in 2015. The number of primary 
percutaneous coronary interventions (PCI) for acute ST-segment 
elevation myocardial infarction increased from 763 to 1,175 and 
both chronic total occlusion and left main coronary artery inter-
ventions also increased over time. In 2015, the drug-eluting stent 
penetration rate was 65%. Structural heart interventions, including 
transcatheter aortic valve implantations (TAVI) were introduced in 
2014 and 23 TAVI cases have since been performed. Transradial 
access was performed in 38,455 (96%) of all patients. Wrist access 
adoption in the majority of cardiovascular interventions is possible 
in all PCI centres in Europe if an appropriate national strategy is 
developed.

Demographics and organisation
The Republic of Macedonia has a current population of close to 2.1 
million inhabitants. Until 2014 there were only two percutaneous 
coronary intervention (PCI) centres in the country. Currently, there 
are seven additional (five public, two private), low-volume invasive 
cardiology centres. Two of these nine centres operate around the 
clock and three have on-site cardiac surgery. There are, altogether, 
25 interventional cardiologists and 10 additional fellows in training.

Patients in Macedonia have unlimited access to treatment, and all 
procedures are covered by the national healthcare insurance. Basic 
information on all invasive cardiology and endovascular proce-
dures performed within the country is tracked in a single, integrated 
nationwide electronic health record (EHR) system, and a detailed 
clinical interventional cardiology registry is currently under con-
struction. Cardiac catheterisation laboratory directors were sur-
veyed regarding their annual procedural volumes and case mix.

The University Clinic of Cardiology in Skopje is the largest vol-
ume interventional cardiology centre in Macedonia providing over 
80% of all cardiovascular interventions. It is the only transcatheter 
aortic valve implantation (TAVI) centre. It serves as the main referral 
centre for primary percutaneous coronary intervention (PPCI) and 
complex procedures. It is a training centre with three catheterisation 
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laboratories and 10 senior interventional cardiologists, perform-
ing approximately 6,000 catheterisations and 3,000 PCIs annually.

Using pre-specified definitions, clinical and procedural data are 
entered into a dedicated cardiac catheterisation laboratory data-
base at the conclusion of each case by the University Cardiology 
Clinic operator and used to generate the official procedural report.

Internal audit of the data in the largest PCI centre in Macedonia 
is carried out on a monthly basis, but no external audit or quality 
control of entered data is available.

Nationwide, 39,899 patients underwent cardiovascular, periph-
eral or structural heart procedures during the period from 2010 
to 2015. Overall procedures from the catheterisation laboratories 
in Macedonia are shown in the general table (Table 1). The vast 
majority of cardiovascular procedures were invasive coronary pro-
cedures, followed by endovascular peripheral interventions (1,183 
or 2.9% of patients including carotid and subclavian artery stent-
ing and interventions on the lower extremities). From 2010 to 
2015, 96% of all procedures performed in cardiac catheterisation 
laboratories were via the transradial access (TRA).

PATIENT POPULATION
This was a nationwide study including all patients from a five-
year period (January 2010 to December 2015) referred for car-
diovascular angiography and/or intervention and structural heart 
procedures. All procedures were performed by experienced trans-
radial operators (>500 diagnostic TRA procedures and >300 PCI 
procedures annually).

Decisions about clinical care were made on a case-by-case basis 
by the physicians caring for each individual patient. Basic infor-
mation on procedural and patient characteristics was obtained 
from the national electronic health record system maintained by 
the Directorate for E-health within the Ministry of Health. More 
detailed information on the large subset of patients receiving care 
at the University Cardiology Clinic in Skopje was extracted from 
its cardiac catheterisation laboratory database.

PROCEDURE ROUTINE FOR ALL CATHETERISATION 
LABORATORIES IN MACEDONIA
Radial artery puncture was performed using the counter punc-
ture technique with a 20 G plastic iv cannula and 0.025-inch mini 
guidewire of 45 cm and followed by 5 Fr or 6 Fr hydrophilic intro-
ducer sheath (Terumo Corp., Tokyo, Japan) placement. A spasmo-
lytic cocktail (5 mg verapamil) was given intra-arterially through 
the radial sheath.

Preprocedural retrograde radial arteriography was performed 
to define the radial artery anatomy from mid forearm to ulnobra-
chial anastomosis and to delineate ulnar artery anatomy as well, 
thus generating the access roadmap1. A solution of 3 ml of con-
trast diluted with 7 ml of blood was injected through the cannula 
or through the side arm of the sheath under fluoroscopy in PA pro-
jection. All patients since 2011 underwent RA angiography and, 
if there was some variation or tortuosity/spasm, it was negotiated 
under fluoroscopy control1.

Most anatomic variations, tortuous segments and loops can be 
traversed by “J” hydrophilic 0.025”-0.035” or by 0.014” guide-
wires under fluoroscopy.

POST-PROCEDURE MANAGEMENT
The sheath was removed immediately after the procedure, regard-
less of the level of anticoagulation, and a compressive dress-
ing (31%, n=9,540 of patients) or TR band (Terumo Corp.) 
(69%, n=21,308) was applied to the wrist. In order to decrease 
the rate of radial artery occlusion we applied patent haemostasis 
by using pulse oximetry to confirm haemoglobin oxygen satura-
tion on the punctured radial artery (>90%), after haemostasis was 
obtained (during measurement UA was compressed manually). 
Compression was applied for an approximately three-hour period 
with gradual deflation of the TR band after the first hour.

DEFINITIONS
Procedure time was defined as time from puncture until comple-
tion of the procedure.

Clinical radial artery spasm was classified as follows. Grade I: 
minimal local pain and discomfort. Grade II: significant local pain 
and discomfort, not precluding procedure completion. Grade III: 
severe local pain and discomfort necessitating crossover. Grade IV: 
catheter entrapment with severe local pain and discomfort2.

Vascular access-site complications were defined as the occur-
rence of an aneurysm, fistula, haematoma or radial nerve injury.

Haematoma was classified into five grades according to the 
EASY score (grade I: local haematoma, superficial <5 cm; grade II: 
haematoma with moderate muscular infiltration; grade III: forearm 
haematoma and muscular infiltration, below the elbow; grade IV: 
haematoma and muscular infiltration extending above the elbow; 
grade V: ischaemic threat - compartment syndrome)3.

Coronary heart interventions
The number of coronary angiographies ranged from 5,540 in 
2010 to 8,550 in 2015. Transradial access was performed in 
38,455 (96%) of all patients. TFA was present in 4% of coronary 
angiographies in 2010 and decreased to 1% in 2015. The number 
of PPCI patients increased from 763 to 1,175 and both chronic 
total occlu sion (CTO) and left main (LMN) interventions also 
increased over time. In 2015, the drug-eluting stent (DES) pene-
tration rate was 65%.

PCI was performed in 18,434 (46%) patients, with PPCI in 
5,712 (14.3%). In 2010, 2,475 stents were implanted and in 2015 
that number had increased to 3,383 stents. The number of DES 
also increased over time. The first bioresorbable scaffold (BRS) 
was implanted in 2012 and the numbers had increased to 37 during 
2015. In 9% (1,675) of all PCI interventions, only plain old balloon 
angioplasty (POBA) was performed without stent implantation.

DETAILED SUBSET ANALYSIS
Due to lack of sufficient data from other centres about risk fac-
tor distribution and procedural success and complications, we 
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performed a subset analysis of the patients from the largest 
PCI centre in Macedonia which represented 80% of all cardiovas-
cular and structural heart procedures in Macedonia.

From 2010 to 2015, 30,848 cardiovascular procedures were per-
formed at the University Cardiology Clinic in Skopje. PCI was 
carried out in 14,315 (46%) with PPCI in 4,159 patients (13.5%). 
Left main PCI was performed in 284 (0.9%) and carotid artery 
stenting (CAS) in 730 (2.3%) patients.

The patient population was predominantly male (68%). The 
most common atherosclerosis risk factors were hypertension 
(55%), diabetes mellitus (18%) and smoking (25%).

Previous CABG was present in 241 (0.8%) patients and access 
was achieved predominantly through the right radial artery with 
cannulation of the left internal mammary artery (LIMA) with 
a Simmons II catheter or by using an IMA catheter and the method 
of cannulation of the LIMA from the right4.

Procedure time was 32±20 (10-300) minutes, and fluoroscopy 
time was 12±9 (1-98) minutes.

Clinical radial artery spasm was present in 3.9% of patients. Access-
site bleeding complications were present in 5.1% (n=1,579) of patients. 
Haematoma types 4 and 5 was present in 23 patients, and two (0.007%) 
of the patients needed vascular repair of the puncture site, but with-
out further clinical consequences. No signs of hand ischaemia were 
detected at discharge or follow-up in any patient. There were no major 
access-site complications in the cases requiring femoral approach.

The crude in-hospital mortality rate was recorded in 368 (1.1%) 
patients. The in-hospital stroke rate was 0.007% (22/30,848); in 
STEMI cases it was 0.24% (10/4,159).

Structural heart interventions
Structural heart interventions, including transcatheter aortic valve 
implantation (TAVI), were introduced in 2014 and 23 TAVI cases 
with the CoreValve/Evolut™ R (Medtronic Inc., Santa Rosa, CA, 
USA) have since been performed.

TAVI interventions are performed by transfemoral access using 
18 Fr introducers along with ancillary transradial access to aid cor-
rect valve deployment. All TAVI procedures have been performed 
under light sedation and local anaesthesia. The first ten cases were 
performed with surgical open femoral access. Since then, all con-
secutive procedures were performed completely percutaneously 
with two Perclose ProGlide® closure devices (Abbott Vascular, 
Santa Clara, CA, USA).

Thoracic and endovascular aortic repair (TEVAR and EVAR) 
procedures were started in 2015, with seven procedures carried out 
during the course of the year.

No left atrial appendage (LAA) closures and very limited patent 
foramen ovale (PFO)/atrial sepal defect (ASD) closures are per-
formed in the catheterisation laboratories in Macedonia due to cur-
rent reimbursement policies for these procedures from the national 
healthcare insurance.

Conclusion
TRA is now the preferred access site for PCI in experienced radial 
centres5. Considerable evidence supports conversion to the radial 
access for all angiographic diagnostic and interventional procedures, 
with an emphasis on decreasing access-site bleeding and vascular 
complications without sacrificing procedural success6-9.

Table 1. Cardiovascular and structural heart procedures in the Republic of Macedonia, 2010-2015.

2010 2011 2012 2013 2014 2015

Femoral/radial access, n (%) 218/5,308 
(4%)

75/5,682 
(1.3%)

66/5,571 
(1.1%)

60/6,076 
(1%)

79/7,550 
(1%)

96/8,225 
(1%)

Coronary angiography, n 5,540 5,743 5,837 6,340 7,889 8,550

PCI, n 2,628 2,641 2,768 3,352 3,408 3,637

Primary PCI, n 763 747 735 1,001 1,291 1,175

PCI in CTO 592 721 879 909 1,131 1,068

PCI in LM 47 52 37 55 51 59

PCI for in-stent restenosis, n 125 151 173 171 229 167

PCI without stent, n 153 106 247 528 387 254

Total PCI with stent, n 2,475 2,535 2,521 2,824 3,021 3,383

Total PCI with DES, n 300 355 405 595 1,851 2,382

Total PCI with BRS, n 0 0 2 3 10 22

Total IC imaging studies (OCT, IVUS, etc.), n 1 n.a. 5 16 19 26

Total TAVI, n n.a. n.a. n.a. n.a. 4 19

TFA TAVI, n n.a. n.a. n.a. n.a. 4 19

TEVAR, n n.a. n.a. n.a. n.a. n.a. 5

EVAR, n n.a. n.a. n.a. n.a. n.a. 2

BRS: bioresorbable scaffolds; CTO: chronic total occlusion; DES: drug-eluting stent; EVAR: endovascular aneurysm repair; IC: intracoronary; LM: left 
main; n.a.: not available; OCT: optical coherence tomography; PCI: percutaneous coronary intervention; TAVI: transcatheter aortic valve implantation; 
TEVAR: thoracic endovascular aortic repair
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Considering the recognition given by the European Association 
of Percutaneous Cardiovascular Interventions/European Society 
of Cardiology consensus document5, TRA should be the default 
approach for PCI in experienced transradial centres.

According to the national strategy, all catheterisation laborato-
ries in Macedonia made an almost complete transition from TFA 
to TRA from 2007 to 201010. Since then, 96% of all cardiovascular 
interventions have been performed by TRA and no cases of hand 
ischaemia were registered post-procedurally or at follow-up.

However, femoral access expertise was preserved despite 
adopting the default radial-first approach. It was recently recon-
firmed by the British Cardiovascular Intervention Society (BCIS) 
Registry that high-volume TRA PCI centres do not lose femoral 
skills over time11.

Nevertheless, it is important to emphasise the importance of pro-
viding sufficient TFA exposure so that operators/fellows do not lose 
their femoral access skills as they adopt the radial-first approach.

Our country has also adopted a strategy for routine preproce-
dural radial angiography before every cardiovascular procedure. 
We have shown that preprocedural radial artery angiography (in 
over 19,292 patients) provides a roadmap for successful arterial 
access and decreases the crossover rate, and bleeding and vascular 
complications. It enables a tailored approach based on RA ana-
tomy and required devices (e.g., safe use of large bore sheaths)1.

From 2010 to 2015, the annual number of PCIs in general, and 
PPCIs in particular, increased by 40-50%. Structural heart disease 
procedures, principally TAVIs, were also becoming more frequent, 
but endovascular diagnostic and intervention procedures remain 
uncommon in Macedonia.

Macedonia has successfully adopted a national strategy of radial 
arterial access first, followed by routine radial arteriography, with 
excellent procedural technical success and vascular complication 
rates concomitant with the increase in procedural complexity. Our 
results should encourage other centres to implement the recent 
guidelines to increase the frequency of wrist access for invasive 
cardiovascular procedures.
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