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A B S T R A C T

Introduction: Since 2000 the numbers of both open and endovascular revascularization procedures have in-
creased. Despite these increases, the number of major lower extremity amputations (LEAs) has remained rela-
tively constant. The aim of the present study was to assess the number of vascular procedures in relation to the
frequency of major LEAs in Finland.
Methods: The Finnish National Institute for Health and Welfare (THL) administers a national registry of all
procedures conducted by official healthcare providers in Finland. Data regarding all revascularization proce-
dures and major LEAs between 2007 and 2017 inclusive, were collected from the THL registry. The rates of both
open and endovascular procedures were analyzed.
Results: A total of 69,523 revascularization procedures were registered over the 11-year period. Of all re-
vascularizations, 22.6% were endovascular in 2007, which rose to 60.5% in 2017. The annual rates of vascular
procedures per 100,000 inhabitants increased from 66 in 2007 to 172 in 2017 (increase 10 procedures per year,
95% CI 8.6–12.3, P < 0.01) There was a significant increase (by 141 per year, 95% CI 110–174, P < 0.01) for
open revascularizations (2705 operations in 2007, 3992 operations in 2017) and (by 491 per year, 95% CI
433–550, P < 0.01) for endovascular revascularizations (791 in 2007–5514 in 2017). Open aorto-iliac segment
revascularization decreased, whereas the numbers of procedures increased for all other arterial segments.

The overall frequency of amputations was 18–20 per 100,000. The frequency of amputations in the sub-
population over 65 years old decreased from 93 in 2007 to 72 in 2017 (P < 0.01).
Conclusion: The present study demonstrated increases in vascular surgery procedures over the 11-year study-
period. The increase was greatest for endovascular procedures. During the same period, there was a significant
decrease in the frequency of major LEAs in the>65-year-old subpopulation.

1. Introduction

Symptomatic peripheral arterial disease (PAD) is a cause of sig-
nificant morbidity and mortality [1–4].The most severe manifestation
of PAD is critical limb ischemia (CLI). Without revascularization, 30%
of patients will undergo major lower extremity amputation (LEA) and
25% of them will die within one year of presentation with CLI [4,5].

The aim of revascularization is to prevent amputation and preserve
the patient's functional status in order to facilitate independent living
[6]. However, modern advances in revascularization procedures have
not reflected clearly on the frequency of major LEA [7–9]. The fre-
quency of major LEA in the U.S. between 2007 and 2009 was 89 per
100,000 in> 65 year old Medicare patients [10]. A more recent Danish

study reported annual rates of amputation from 2002 to 2014 to range
from approx. 70 to 130 per 100,000 patients over 50 years old [11].
Substantial differences in the frequency of major LEA and rates of
vascular procedures across different regions of countries were reported
in both studies [10,11]. The frequency of usage of major LEAs in Fin-
land decreased by 41% from 1984 to 2000 and an inverse correlation
between amputation frequency and infrainguinal bypass was found
[12].

Vascular registries revealed large numbers of open revascularization
procedures compared to endovascular procedures in Finland during the
1990s [13,14]. A similar trend in revascularization procedures was
reported from 1998 to 2002 when the frequency of amputation in
Finland was 15.4–24.1 per 100,000 person years [12,15]. Since then
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there has been advancement and an increase in revascularization pro-
cedures in western countries. The number of endovascular procedures
has especially increased [11,16–18].

The aim of this study was to assess the national vascular workload in
Finland over the 11-year study period of 2007–2017 and analyze
whether the numbers and types of vascular procedures have had an
effect on the frequency of usage of major LEA.

2. Material and methods

2.1. Study setting

This is a nationwide public registry data-based study.

2.2. Study data

Statistics Finland is a Finnish public government authority specifi-
cally established for statistics. StatFin is an online database governed by
Statistics Finland (https://pxnet2.stat.fi/PXWeb/pxweb/en/StatFin/).
StatFin database utilized for background data for this study, concerning
the age and gender distribution of the Finnish population between 2007
and 2017.

The Finnish National Institute for Health and Welfare (THL) is a
state funded research organization that functions under the auspices of
the Social Affairs and Health political ministry. THL database includes
nationwide data concerning treatment periods and procedures per-
formed by official healthcare providers in Finland. The official health-
care providers include the public and the private healthcare providers.
The THL data are coded according to the ICD-10 coding system. A data
search of the THL registry concerning the annual numbers of all major
amputations and revascularization procedures between 2007 and 2017
was performed.

Open revascularization procedures were divided into four categories
(with sub-categories in parenthesis) according to the level of re-
vascularization: aorto-iliac revascularization (PDH), femoro-popliteal
revascularization (PEE, PEF, PEN, PEH), tibial revascularization (PFA,
PFN, PFH) and extra-anatomic bypass procedures (PGH). Similarly, the
endovascular procedures were divided into iliac (PD3AT, PD3BT,
PD3YT), femoro-popliteal (PE1AT, PE1BT, PE1YT) and tibial proce-
dures (PF1AT, PF1BT and PF1YT). Endovascular procedures included
both percutaneous transluminal angioplasty (PTA) and stenting proce-
dures. The above knee amputations (AKA) operation were searched by
operation code NFQ20 and below the knee amputations (BKA) by the
code NGQ20. Gender and age of all operated patients at the time of
index procedure was recorded.

2.3. Statistical methods

Patients were divided into four cohorts (< 65 y, 65–74 y, 75-84y
and> 85y) and also based on their respective procedure dates. The
annual rates of vascular procedures for each age group were calculated
using the number of revascularizations as the numerator and the
number of inhabitants in Finland each year in that same age group as
the denominator. The age categorized number of vascular operations
per 100,000 inhabitants was reported as rates and the frequencies of
amputations are presented as numbers per 100,000 inhabitants for the
defined age group.

Associations between patient counts and time were studied using
regression analysis. Analyses were performed separately for all age
groups. The normality assumption was checked using standardized re-
siduals. Statistical analyses were performed using SPSS™, version 25
(IBM SPSS Statistics for Windows, IBM Corporation, Armonk, NY).

2.4. Ethical considerations

The THL registry is a public registry. The data search from the
registry was registered in www.researchregistry.com and was assigned
a UIN (researchregistry5106). No information that can be linked to
individual patients or hospitals was acquired. No ethics committee
permission was needed. The work has been reported in line with the
STROCSS criteria [19].

3. Results

According to the StatFin database, Finnish population has grown
from 5,300,484 in 2007 to 5,513,130 in 2017. An increase in the pro-
portion of the people over 65 years occurred. The age distribution of the
Finnish population is illustrated in Fig. 1.

3.1. Revascularizations

Between 2007 and 2017, a total of 69,523 revascularization pro-
cedures were performed in Finland. The total number of revascular-
ization procedures increased from 3496 operations in 2007–9506 op-
erations in 2017.

The annual rate of vascular procedures in Finland increased from 66
to 172 (P < 0.01). The mean increase was 10 procedures per year
(95% CI 8.6–12.3, P < 0.01). The age standardized number of vascular
operations per 100,000 inhabitants increased in all age groups. The
growth was the most significant (2.5x) in patients over 85 years old
(Fig. 2).

Fig. 1. Number of inhabitants in Finland by age groups for 2007 to 2017 inclusive, according to the StatFin database.
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3.2. Open revascularizations

The total number of open revascularizations increased from 2705
operations in 2007–3992 operations in 2017. The mean annual increase
for open revascularizations was 141 operations (95% CI 110–174,
P < 0.01) between 2007 and 2017. The increase of open revascular-
izations was most evident in younger patients (< 65 years) until 2013,
followed by the 65–74-year-old patients cohort (Fig. 3).

Considerable differences in the numbers of procedures in different
arterial segments were observed during the study period (Fig. 4a–c).
The number aorto-iliac bypass procedures decreased (annual decrease
11 per year, 95% CI -14 to −7, P < 0.01) as did the number of extra-
anatomic bypass procedures (annual decrease 8 per year, 95%CI -10 to
−5, P < 0.01) (Fig. 4a). For the femoro-popliteal segment, the num-
bers of femoral endarterectomies grew (annual increase 168 per year,
95% CI 139–195, P < 0.01 at the same time the numbers of femoro-
popliteal bypass procedures remained constant (annual decrease 3 per
year 95% CI -10 to 5, P=0.39) (Fig. 4b). The numbers of tibial bypass
procedures also decreased slightly (annual decrease 4 per year, 95% CI
-8 to 0. P=0.03 (Fig. 4c).

3.3. Endovascular revascularizations

The total numbers of endovascular revascularization procedures
were 791 operations in 2007 and 5514 operations in 2017. The mean
annual increase for endovascular procedures was 491 (95% CI
433–550, P < 0.01) between 2007 and 2017. The proportion of en-
dovascular of all revascularization procedures increased from 22.6% in
2007 to 60.5% in 2017. Endovascular procedures increased steadily for
all age groups (Fig. 5).

A considerable increase in endovascular revascularization proce-
dures was seen in all vascular segments. For the aorto-iliac segment an
annual increase was 154 procedures per year, 95% CI 129–178,
P < 0.01), for femoro-popliteal (annual increase 229 per year, 95% CI
195–260, P < 0.01) and for tibial (annual increase 113 per year, 95%
CI 94–131, P < 0.01). Fig. 6a–c.

In order to further understand the segment dependent use of pri-
mary stenting and PTA procedures, the endovascular procedures were
further analyzed. The number of reported primary stenting procedures
increased from 0 in 2007 to 1810 in 2017. This increase has been most
evident in the aorto-iliac segment where primary stenting has become
the first line of therapy, in 2017,997 (62.7%) iliac artery lesion were
treated with primary stenting. A growing percentage of femoropopliteal
lesions are also being treated with primary stenting. In 2017,777
(29.9%) femoropopliteal lesions were treated with primary stenting. In
the tibial segment PTA has remained the first line of therapy. Table 1.

3.4. Major LEAs

During the 11-year study period 11,851 major LEAs were performed
in Finland (Fig. 7.). The annual frequency of major LEA in the whole
Finnish population was 18–20 during 2007–2017. The mean frequency
of amputations was 42 in 65–74y old patients, 103 in 75–84y old pa-
tients and 233 in>85y old patients.

When 65–74, 75–84 and 85 < cohorts were pooled together the
frequency on amputations decreased from 93 to 72 during 2007–2017
(P < 0.03). The reduction in the frequency was most evident in the
oldest age group, 262 in 2007, which decreased to 185 in 2017 (> 85
years). The frequency of amputations in each age group is illustrated in
Fig. 8.

Fig. 2. The annual rates of vascular procedures.

Fig. 3. Open revascularization procedures by age groups 2007 and 2017 in Finland. A total of 35,633 open operations were performed.
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4. Discussion

The present study demonstrated an increase in the rates of vascular
procedures in Finland between 2007 and 2017. This is especially due to
an increase of endovascular procedures and also but to a lesser extent
due to an increase of open surgical revascularizations. A clear decrease
in the frequency of major LEAs in the older age groups was evident for
the same period.

Many other factors besides revascularization procedures determine
the fate of the limb [7,20–22]. Moreover, it has been reported that the
increased number of revascularization procedures reflects the number
of major amputations [10,23]. The rate of major amputation, and also
amputation free survival after vascular procedures remain quality
measures of peripheral vascular surgery [6]. On the other hand, our

clinical experience is that a proportion of the patients that undergo
major LEA are judged to be too ill or have such severely reduced
functional ability that no revascularization attempts can be made prior
to amputation.

The FinnVasc registry data from the early nineties (1991–1994)
showed the frequency of major LEA to be 21.6 and the rate of vascular
procedures 20.3 per 100,000 inhabitants per year in Finland [23]. A
20–30 fold regional difference in the rate of infrapopliteal procedures
was noted in Finland, and this was inversely correlated with a high
incidence on amputation [23]. Our present study data show that the
annual intensity of vascular procedures for the Finnish population in-
creased significantly, from 66 to 172. The increase in open surgical
revascularization rate was most evident in 65–74y old patients, en-
dovascular procedures increased for all age groups. Over the same time

Fig. 4. a. Numbers of aorto-iliac bypass procedures by age groups over 2007 and 2017 in Finland. A total of 1774 aortoiliac open operations were performed. b.
Numbers of revascularization operations to the femoropopliteal segment by age groups between 2007 and 2017 in Finland. A total of 26,382 open femoropopliteal
operations were performed. c. Numbers of tibial bypass procedures by age groups between 2007 and 2017 in Finland A total of 5472 tibial bypass operations were
performed.
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period, the annual frequency of major LEA in the Finnish population
was 18–20, with a considerable decreasing trend in the number of
major LEA in the oldest patients.

When comparing present data with the FinnVasc registry one must
keep in mind that the population has grown older demographically and
the percentage of the oldest age groups in the population has increased.
The increased incidence of PAD in healthcare systems in western
countries has resulted in increased vascular workload, in order to
maintain the LEA levels constant.

The development of new endovascular techniques recently has been
overwhelming. This has guided the vascular treatments towards a more
endovascular direction. For example, according to the FinnVasc registry
study of 1991–1994 the proportions of open to endovascular proce-
dures were 68.5% of vascular procedures were open and 32% were
endovascular [14]. According to our present data in 2007 endovascular
procedures still accounted for only 22.6% of all revascularization pro-
cedures in Finland. A rapid increase of endovascular procedures how-
ever, was noted in our study and in 2017 up to 60.5% of all re-
vascularization were endovascular.

The present study also showed that the shift towards an en-
dovascular approach was most apparent for the aorto-iliac segment, a
simultaneous decline in aorto-iliac surgery was noted. The en-
dovascular treatment of the femoro-popliteal segment increased con-
siderably. It has earlier been reported that patients with intermittent
claudication might be offered a less invasive treatment [24]. The
numbers of femoropopliteal bypass procedures remained relatively
constant, but there was a clear increase in femoral endarterectomies.
Hybrid procedures with a femoral endarterectomy combined with a
femoro-popliteal endovascular procedure might have resulted in this
change.

The numbers of tibial bypass procedures showed a minor decrease.
This is evident in the older population by a growing number of en-
dovascular procedures that corresponded to the other western countries
[9,25,26]. Since patients with severe tibial atherosclerosis have mul-
tiple co-morbidities, they are judged too ill for bypass surgery and an
endovascular treatment with less perioperative complications is often
selected for first line revascularization [27,28]. On the other hand,
endovascular interventions might often require several redo-proce-
dures, which will lead to a large number of procedures [29,30].

Existing randomized trials that compare endovascular and surgical
revascularization have not provided a consensus about the re-
commended strategy for revascularization for PAD [31–35]. Two ad-
ditional randomized trials (BEST-CLI and ROBUST) are now enrolling
patients in order to provide a resolution to this question. Current
practice is based on the BASIL trial, which demonstrated better long-
term results with open revascularization [31]. In contrast to this, some
earlier studies reported better limb survival after endovascular

revascularization [17]. This might have also led some vascular physi-
cians in Finland to advocate an “endovascular first” strategy [36–39],
however there are some recent studies that oppose this approach [40].

4.1. Study limitations

This is a registry based “big data” study, however it has several
limitations. The registry does not contain information about the pa-
tients on an individual level. The outcome of individual procedures
cannot be evaluated. Moreover, these data do not allow any analyses on
the association between the time of the revascularization and major
amputation. The patients that had undergone major LEA were not the
same patients that had been revascularized. The primary and secondary
procedures cannot therefore be differentiated. Nevertheless, this is a
national country-wide registry and is representative of the extensive
public health sector of a developed European country.

4.2. Conclusion

The present study demonstrated an increase in the need for vascular
surgery work during 2007–2017 an 11-year period. The increase was
most evident in the endovascular procedures. During the same period
there was a significant decrease in the frequency of major LEAs in 65
years.

Ethical approval
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Fig. 5. Numbers of endovascular revascularization procedures by age groups between 2007 and 2017 in Finland. Altogether 33,890 endovascular procedures were
performed.
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Fig. 6. a. Numbers of aorto-iliac endovascular procedures by age groups between 2007 and 2017 in Finland. A total of 9442 aorto-iliac endovascular procedures were
performed. b. Numbers of femoropoliteal endovascular procedures by age groups between 2007 and 2017 in Finland. A total of 15,225 femoropopliteal endovascular
procedures were performed. c. Numbers of tibial bypass endovascular procedures by age groups between 2007 and 2017 in Finland. A total of 9223 tibial en-
dovascular operations were performed.
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