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Background: The prevalence of occlusive lower extremity artery disease (LEAD) is rising worldwide while European epidemiology
data are scarce. We report incidence and mortality of LEAD repair in Denmark from 1996 through 2018, stratified on open aorto-iliac,
open peripheral, and endovascular repair.

Methods: A nationwide cohort study of prospective data from population-based Danish registers covering 1996 to 2018. Comorbidity
was assessed by Charlson’s Comorbidity Index (CCI). Incidence rate (IR) ratios and mortality rate ratios (MRR) were estimated by
multivariable Poisson and Cox regression, respectively.

Results: We identified 41,438 unique patients undergoing 46,236 incident first-time LEAD repairs by either aorto-iliac- (n=5213),
peripheral surgery (n=18,665) or percutaneous transluminal angioplasty (PTA, n=22,358). From 1996 to 2018, the age- and sex-
standardized IR for primary revascularization declined from 71.8 to 50.2 per 100,000 person-years (IRR, 0.70; 95% CI, 0.66—0.75).
Following a 2.5-fold IR increase of PTA from 1996 to 2010, all three repair techniques showed a declining trend after 2010. The
declining IR was driven by decreasing LEAD repair due to claudication, and by persons aged below 80 years, while the IR increased in
persons aged above 80 years (p interaction<0.001). LEAD repair was more frequent in men (IRRgemale vs mates 0-78; 95% CI, 0.77—
0.80), which was consistent over calendar time (p interaction=0.41). Crude mortality decreased following open/surgical repair, and
increased following PTA, but all three techniques trended towards lower adjusted mortality comparing the start and the end of the
study period (MRR yorto-itiacs 0.71;5 95% CI, 0.54-0.93 vs MRR eripherats 0.76; 95% CI, 0.69-0.83 vs MRRpr4, 0.96; 95% CI, 0.86-1.07).
Increasing age and CCI, male sex, smoking, and care dependency associated with increased mortality.

Conclusion: The incidence rate of LEAD repair decreased in Denmark from 1996 to 2018, especially in persons younger than 80
years, and primarily due to reduced revascularization for claudication. Adjusted mortality rates decreased following open surgery, but
seemed unaltered following PTA.

Keywords: vascular surgery, critical limb ischemia, claudication, Danish Vascular Registry, Danish National Patient Registry,

registers

Introduction
Atherosclerosis affects more than 200 million persons worldwide, making it a public health concern." Occlusive lower
extremity artery disease (LEAD), which is the third leading cause of atherosclerotic morbidity after stroke and coronary
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artery disease, has seen a global increase in prevalence due to factors such as population growth, aging, and higher rates
of diabetes and smoking in low- and middle-income countries.'> LEAD is prevalent in 11% of Danish men aged 65-74
years, 18% of Swedish men aged 60-90 years, and 18% of German individuals aged above 65 years.'* However, data on
the incidence rates (IR) of LEAD diagnoses and repair are otherwise limited in Europe.””’

The severity of LEAD varies, ranging from asymptomatic cases to intermittent claudication to critical limb ischemia
(CLI), which includes rest pain, ulcers, and tissue loss." Vascular surgery may restore blood flow and has traditionally
been offered for claudication and CLI. However, recent recommendations suggest that LEAD repair should be focused
on CLI, while intermittent claudication should be managed conservatively with exercise and medication.” Failure to
manage CLI can lead to significant risks such as loss of ambulatory function, severe pain, infections, and amputation.®’

The choice of revascularization technique is influenced by the availability of autogenous veins for open bypass
surgery, patient comorbidity, and the complexity and location of the stenosis.'® Open vascular surgery, particularly aortic-
iliac surgery, is considered high-risk due to frequent post-operative complications.'"' This has led to the development of
endovascular techniques like percutaneous transluminal angioplasty (PTA) with or without a stent. Guidelines recom-
mend endovascular treatment for aorto-iliac disease.'” However, for peripheral occlusions recent clinical trials are
conflicting. In a US trial, lower limb bypass has demonstrated superior outcomes when compared to endovascular
approaches if a suitable vein is available for conduit,'? whereas a smaller UK trial reported higher mortality associated
with bypass surgery.'* The proportion of endovascular techniques used for revascularization varies internationally, with
Russia at 24% and Italy at 88%.°

Despite successful initial revascularization, LEAD repair often requires recurrent procedures due to loss of patency or
progression of atherosclerotic lesions locally or in other vascular territories.”’ Previous studies have mainly focused on
primary revascularization, and there is a need to establish frequencies of adverse outcomes following both index and
recurrent surgeries using different techniques.’ This information is essential for sample size calculations in clinical trials
for LEAD repair interventions. Additionally, changing recommendations calls for an overview of the trend in LEAD
repair IRs.

In this study, we aimed to describe the trends over a 23-year period in the incidence, comorbidity, and mortality of
both first-time and recurrent LEAD repair. We utilized prospectively collected data from well-validated population-wide
Danish registers to provide comprehensive insights into LEAD epidemiology in Denmark. The results include an analysis
of the risk factors associated with the observed incidence- and mortality rates. In an accompanying manuscript, we have

also documented the epidemiology of abdominal aortic aneurysm repair in Denmark from 1996 to 2018.'

Methods
Study Design and Setting

We conducted a nationwide, longitudinal cohort study on prospectively collected data from the Danish Vascular Registry
(DVR) and population-based medical and administrative registers.'® The Danish National Health Service ensures tax-
supported healthcare to all Danish citizens. The Danish Civil Registration System (CPR), established in 1968, enables
individual-level linkage across registers.'” The Danish population was 5,781,190 persons in 2018.

Study Population

We used the DVR to identify Danish patients undergoing LEAD repair from January 1st, 1996 to December 31, 2019.
The 2019 data, however, were exclusively used graphically in the standardized incidence rate plot, not in any tables or
the result section, as we did not have Danish National Patient Registry (DNPR) data for 2019.

LEAD repair was classified as either open aorto-iliac surgery, open peripheral surgery, or endovascular (PTA). If
multiple records fulfilled the inclusion criteria on the same day, we selected the most comprehensive surgical procedure
using the following hierarchy reflecting the magnitude of surgical trauma: i) aorto-iliac surgery (aorto-iliac > iliac) > ii)
peripheral axillo(bi)femoral bypass > peripheral open lower limb bypass (below knee > above knee > femoro-femoral
crossover graft) > endarterectomy > iii) isolated PTA. Hybrid procedures were reported as peripheral surgery when open
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arterial reconstruction was combined with PTA during normal working hours 08:00 to 18:00. This timeframe was chosen
to exclude reoperations on the same day.

If a patient had both an aneurysm and LEAD indication registered in the DVR variables (3 indications can be entered
per record), aneurysm was chosen as the main indication, and the patient was excluded from the population in this study
and included in the accompanying manuscript.'> The methods used in the two studies were alike, except that patients
undergoing LEAD repair could be included more than once as described in the following.

If a patient had undergone multiple LEAD repairs, and the two cases were more than 90 days apart, the patient could
enter one of the other two LEAD repair groups, but patients were not reported in the same group twice. Ninety days were
chosen as the cut-off timeframe to limit the reporting of reoperations or redo surgery of the same atherosclerotic lesion
because graft patency loss occurs in around 5-8% at discharge in Danish patients and 8-14% by day 30 in Swedish
patients.” The baseline table provides details on vascular repair history and we used a Sankey plot to visualize how
patients changed LEAD repair technique/group.

The DVR was established in 1996 for quality improvement and research purposes and contains prospective data on all
vascular procedures.'® Patient data are registered into DVR prospectively. The DVR is continuously validated against the
DNPR for the most frequent procedures, infra-inguinal bypass, abdominal aortic aneurysm, and carotid endarterectomies
with data completeness of 95%.'® We used the CPR to add information on sex, age, vital status, and migration. The CPR
version was last updated on October 31, 2019. From the Danish National Patient Registry (DNPR), we gathered
information on all somatic inpatient hospitalizations since 1977 and all hospital outpatient and emergency visits since
1995, including discharge diagnoses according to the International Classification of Diseases [Eighth Revision (ICD-8)
until 1993 and Tenth Revision (ICD-10) hereafter].'” The DNPR data set was last updated on May 7% 2020.

Inclusion was based on the DVR and the criteria were i) operation code relevant to aortoiliac or lower extremity
reconstruction with details provided in the Supplementary Data. ii) indication being either claudication, rest pain, or
wound/gangrene defined by the DVR-variable “GC_PI INDIK1” takes on the value 16—19. iii) age above 40 and below
100 years. The age cut-off was chosen to fit the general vascular surgery target population as used in previous trials.?’

Exclusion criteria were i) acute limb ischemia using the DVR, and ii) patients with LEAD repair before 1996 using the
DNPR to ensure all patients were LEAD repair naive at entry into our study base; criteria are provided in the
Supplementary Data.

We use the term surgery for open procedures, peripheral and aorto-iliac surgery. The common term for all three
techniques was repair.

Comorbidity

Patients were described at baseline by Charlson’s Comorbidity Index (CCI) score using both in- and outpatient records in
the DNPR accrued since 1977.2' We exclusively used DNPR records concluded before the date of surgery, so peripheral
vascular disease diagnosed on the day of surgery or in ongoing outpatient records could not contribute to the CCI score.
We grouped patients with a CCI score of 0, 1, 2, or 3 and above, as having normal, moderate, severe, or very severe
comorbidity, respectively. We chose moderate CCI as the reference group because peripheral vascular disease accounts
for one CCI point. Baseline characteristics disaggregated by calendar period are available in the Supplementary Data.

Mortality
We obtained vital status from the CPR and reported 5-year survival following LEAD repair. Five-year survival was the
primary analysis, as open and endovascular repair may have different short- and long-term mortality.

Statistical Analyses

Aorto-iliac surgery, peripheral surgery, and PTA were analyzed separately and only aggregated for the incidence
reporting of any first-time repair (ie, primary revascularization). We described the population by sex, age group (of six
decades from 41 to 99 years), CCI group, and calendar period (5 intervals from 1996 to 2018). We exclusively included
the year 2019 in the age-and sex-standardized incidence plots.
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Based on the CPR, we identified residents in Denmark aged above 40 and below 100 years as of January 1% from
1996 to 2019. We computed each resident’s annual accrued CCI score using the DNPR and calculated person-years at
risk for LEAD operation in the population as follow-up time resident in Denmark by age, sex, calendar year, and CCI
group. Incidence rates (IR) were reported as i) crude IRs by calendar period, age, sex, and CCI group, ii) adjusted IR
ratios (IRR) using a log-linear Poisson regression model including the covariates: calendar period, age category, sex, and
CCI group offset by the logarithm of person-years at risk, and iii) annual IRs standardized to the year 2000 age- and sex
composition of the Danish population using direct standardization.

To compare the CCI of LEAD patients to the Danish population, we calculated a mean observed CCI by each sex-,
age-, and calendar year strata and standardized this to the Danish population’s corresponding strata of the year 2000, as
a reference. We then used Poisson regression to estimate CCI ratios with 95% confidence intervals. The same method
was applied to compare CCI ratios across age groups with persons aged 71-75 years as a reference.

Five-year mortality risks were computed using the Kaplan-Meier estimator. Patients were censored five years
following surgery, on migration, or on October 31%, 2019, whichever occurred first. Using Cox regression, we calculated
the five-year mortality rate ratio (MRR, via hazard ratios for death) for each calendar period. We present crude MRR, and
MRRs adjusted for age, sex, CCI group, health care region (five regions), tobacco use (none, previous, smoker), alcohol
abuse (no, >5 units/day), and care dependency (independent, home care, nursing home), priority (elective, subacute,
acute), and stratified for surgical sub-technique when relevant (aorto-iliac surgery stratum: aorto-iliac vs isolated iliac
surgery. Peripheral surgery stratum: open bypass or endarterectomy vs hybrid vs axillobifemoral bypass. PTA: no
stratum). In the adjusted survival analysis, the set of confounders adjusted for varied between exposures to maintain
causal methodological coherence.* Missing data were included as separate parameter levels (dummy variables) in the
analyses. In our secondary analysis, we ran a Cox model excluding variables with missing data (tobacco, alcohol, care
dependency, priority).

The adequacy of the models for estimating incidence and mortality was examined by tentatively adding an interaction
term between calendar year, as a linear predictor, and each of the remaining covariates. The effect of adding an
interaction term was assessed by the likelihood ratio test.

The increase in mean age over the study period was calculated by univariate linear regression.

Ethics

The study was submitted to Region Zealand’s record of research-related processing activities (record no. REG-144-2017)
and was approved by Statens Serum Institut, SSI QA and Compliance (journal no. 21/00805). We did not need to obtain
permission from the Danish Ethical Committee as this study did not involve contact with study participants. The accessed
data complied with relevant data protection and privacy regulations.

Results
We identified 46,236 incident arterial reconstructions for LEAD based on 41,438 unique patients registered in the DVR
from 1996 to 2018. See Supplemental Material for the study flow chart, eFigure 1. Figure 1B, the Sankey plot, visualizes

how patients changed groups in case of recurrent LEAD repair. 4646 patients underwent more than one type of LEAD
repair with a median number of months from first to second revascularization of 32 months (interquartile range, 11 to
72). Of those patients, 151 underwent a third procedure, and thus all three types of LEAD repair with a median time
elapsed between the second and third repair of 25 months (interquartile range, 11 to 63). The Supplemental Material

provides further details on the Sankey plot, including the count of recurrent repair patients in eFigure 2 and an alternative
Sankey plot presentation in eFigure 3.

Incidence Rate

The age- and sex-standardized incidence rate for primary revascularization (any first-time LEAD repair) decreased from
71.8 to 50.2 per 100,000 person-years between 1996 and 2018, Figure 1A; corresponding to a 30% decline (IRR, 0.70;
95% CI, 0.66 to 0.75). When adjusting for age, sex, and CCI, the decline in incidence rate was 40% (IRR, 0.60, 95% CI,
0.58 to 0.62; Figure 2).
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Figure | Standardized incidence rate by technique (A) and Sankey plot visualizing the distribution of techniques used for vascular repair between 90 days and 5 years
following primary revascularization (B).

Notes: (A) Incidence rate standardized to the age and sex distribution of the Danish population aged above 40 and below 100 years in 2000. Note, the 2019 data are
exclusively used graphically in this plot and not in any tables or the result section, as we did not have Danish National Patient Registry (DNPR) data for 2019. (B) The size of
each node (box) corresponds to the number of patients having vascular repair for occlusive lower extremity artery disease (LEAD) for that technique. The three nodes in
the far left of the figure represents any first-time “primary” LEAD repair (grey line in panel A above). First-time peripheral vascular surgery is represented by the three blue
colored nodes (blue line in panel A). Correspondingly, PTA is colored green, and aorto-iliac surgery is colored light orange. Please refer to baseline Table | under “Vascular
Surgical history” for details on LEAD repair history by each group. As patients could not be reported in the same group twice, the third column of nodes (the smallest nodes
to the right of the middle and to the left of the censoring and death nodes) are patient that had undergone all three LEAD repair techniques. Exclusive to the Sankey plot
visualization, we censored patients 5 years following LEAD repair since the most frequent technique changed over time.
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LEAD Cases Person-Years Crude IR per 100,000 IRR (95% CI)
Calendar year

1996 - 1999 6,517 9,800,052 66.5 (64.9-68.1) [3 Reference

2000 - 2004 8,369 12,697,911 65.9 (64.5-67.3) . 0.88 (0.86-0.91)
2005 - 2009 9,621 13,392,843 71.8 (70.4-73.3) o 0.87 (0.84-0.89)
2010 - 2014 9,823 14,075,863 69.8 (68.4-71.2) . 0.75 (0.73-0.78)
2015-2018 7,109 11,712,246 60.7 (59.3-62.1) ° 0.60 (0.58-0.62)
Age, years

41-50 1,987 18,192,142 10.9 (10.4-11.4) ° 0.27 (0.25-0.28)
51-60 7,185 16,844,751 42.7 (41.7-43.6) . 0.67 (0.65-0.69)
61-70 13,601 13,398,250 100.8 (99.1-102.5) [ Reference
71-80 13,040 8,678,501 150.3 (147.7-152.8) o 1.04 (1.02-1.07)
81-90 5,274 3,947,749 133.6 (130.0-137.2) o 0.76 (0.74-0.79)
91-99 452 617,522 73.2 (66.4-79.9) . 0.42 (0.38-0.46)
Sex

Male 22,802 29,731,151 76.7 (715.7-77.7) . Reference
Female 18,637 31,947,764 58.3 (57.5-59.2) ° 0.78 (0.77-0.80)
CCl group

Normal 2,464 43,644,149 5.6 (5.4-5.9) . 0.04 (0.04-0.04)
Moderate 14,345 8,162,109 175.8 (172.9-178.6) . Reference
Severe 8,450 5,332,614 158.5 (155.1-161.8) . 0.86 (0.84-0.89)
Very Severe 16,180 4,540,043 356.4 (350.9-361.9) . 1.87 (1.82-1.91)

I T T T T 1
00 05 10 15 20 25

Incidence rate ratio

Figure 2 Incidence rate of primary vascular repair for lower extremity artery disease.

Notes: Shows the crude incidence rate (IR) and adjusted incidence rate ratio (IRR) with Forest plot of primary repair for lower extremity artery disease (LEAD). The IRRs
were computed by a multivariable Poisson regression model adjusted for calendar year, age group, sex, and Charlson’s comorbidity index (CCI) score. The CCl score was
based on records concluded before the date of surgery, which meant that LEAD diagnosed on the day of repair, or in ongoing outpatient records, could not contribute to
the CCl score. Thus, some patients were characterized with normal CCI.

Abbreviations: CCl, Charlson’s comorbidity index; Cl, confidence interval; IR, incidence rate; IRR, incidence rate ratio; LEAD, lower extremity artery disease.

From 1996 to 2018, there was a steady IR decline of both aorto-iliac surgery from 17.0 to 2.8 per 100,000 person-
years (Figure 1A) corresponding to an 84% decrease (IRR, 0.16; 95% CI, 0.13 to 0.20), and in peripheral surgery from
37.3 to 21.0 per 100,000 person-years (Figure 1 A) corresponding to a 43% decline (IRR, 0.57; 95% CI, 0.51 to 0.63). For
PTA, the IR trend varied over time with a 2.5-fold IR increase from 18.6 to 46.6 per 100,000 person-years (Figure 1A)
between 1996 and 2010 followed by an IR decrease to 34.3 per 100,000 person-years in 2018. Overall, the IR of PTA
increased by 87% from 1996 to 2018 (IRR, 1.87; 95% CI, 1.67 to 2.08, Figure 1A).

Incidence by Age and Sex
Figure 2 presents the age-, sex-, CCI-, and calendar year-adjusted IR of primary revascularization, which was highest in
patients aged 71-80. Overall, we observed significant age heterogeneity in the IR trend with a decreasing IR in persons
up to 80 years and an IR increase in persons older than 80 years (p interaction < 0.001, eTable 1) and this was observed
for all types of LEAD repair. However, eFigure 4 reveals a declining IR of primary revascularization for all age groups
from 2015 to 2018. A heat map of age-specific incidence rate per calendar year is shown in eFigure 5, stratified by sex in
eFigure 6.

LEAD repair was more common in men than in women (IRRgmate vs male> 0.78; 95% CI, 0.77 to 0.80), but for aorto-
iliac surgery, the IR was equal between the two sexes (Figure 3). Overall, there was no sex heterogeneity in the IR change

over time (Annual percent change (APC)pae —0.7% vs APCromale —0.8%, p interaction=0.41).

Incidence by Comorbidity

LEAD repair was exceedingly rare in persons with no history of comorbidity in the DNPR (IRR, 0.04; 95% CI, 0.04—
0.04), and most frequent in the population with very severe comorbidity (IRR, 1.87; 95% CI, 1.82-1.91), compared to
moderate comorbidity (Figure 2). The trend in CCl-specific IR is plotted in eFigure 7.
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Figure 3 Sex specific incidence rate in repair for lower extremity artery disease.
Notes: Sex-specific trends in the incidence rate of LEAD repair, standardized to the age distribution of the Danish population in 2000.

Incidence by Indication and Technique

The age- and sex-standardized IR of primary revascularization for claudication increased between 1996 and 2009 from
31.5 to 44.8 repairs per 100.000 person-years, followed by a steady decline to 22.0 repairs per 100.000 person-years in
2018. Overall, the standardized IR decreased for other indications than wound/gangrene (APC_jaudication —0-43%; 95% CI,
—0.63 to —0.23 vs APCpain at rest ~0.46%; 95% CI, —0.77 to —0.16 vs APCyqund/gangrene T0.21%; 95% CI, —0.03 to +0.45,
eFigure 8).

Figure 4 shows the indication-specific standardized IR by vascular repair technique. The IR declined in surgical
revascularization for all indications, and especially aorto-iliac surgery performed on the claudication indication decreased
markedly from 9.7 to 1.2 surgeries per 100.000 person-years between 1996 and 2018. The standardized IR of PTA
increased for all indications over the study period; with marked variation in the claudication indication which increased
2.4-fold from 12.2 to 29.0 repairs per 100.000 person-years between 1996 and 2009 followed by a steep decline to 14.9
repairs per 100.000 person-years in 2018.

Patient Characteristics
Table 1 shows the baseline characteristics of patients undergoing aorto-iliac surgery (n=5213), open peripheral surgery
(n=18,665), and PTA (n=22,358). Aorto-iliac surgery patients were younger at baseline with a mean age of 64 years
compared to 71 years in the peripheral surgery and 69 years in the PTA group. From 1996 to 2018 the mean age
increased by 1.26 years in aorto-iliac surgery, by 1.08 years in peripheral surgery, and by 6.10 years in PTA (eFigure 9).
Aorto-iliac surgery patients most frequently had moderate comorbidity (50%), whereas very severe comorbidity was
most prominent in peripheral surgery- and PTA patients (46% and 40%, respectively). Diabetes was prevalent in 29% of
peripheral surgery patients, 26% of PTA patients, and 14% of patients undergoing aorto-iliac surgery. Notably, 15% of
patients in the peripheral group had undergone previous LEAD repair, whereas this was only the case for 10% of patients
in the aorto-iliac group and for 7% of PTA patients.
Compared to the Danish population during the study period, the age- and sex-adjusted CCl-score was 2.91-fold
higher in open aorto-iliac surgery (95% CI, 2.85-2.97), 2.82-fold higher in peripheral surgery (95% CI, 2.79-2.85), and
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Figure 4 Indication specific standardized incidence rate in repair for lower extremity artery.
Notes: Incidence rate of revascularization for occlusive lower extremity artery disease by technique and indication, standardized to the age- and sex-composition of the

Danish population in the year 2000.
Abbreviation: PTA, percutaneous transluminal angioplasty.
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2.71-fold higher in PTA patients (95% CI, 2.68—2.73). The APC in CCI was 0.3% for aorto-iliac surgery (95% CI, 0.0—
0.7%), 0.8% in peripheral surgery (95% CI, 0.7-1.0%), and 0.7% in PTA patients (95% CI, 0.5-0.8%), compared to

2.4% (CI 95%, 2.4-2.4%) in the Danish population. For a more detailed presentation, see eFigure 10.

Table | Baseline Characteristics of Patients Undergoing Surgery for Lower Extremity Artery

Disease in Denmark 1996-2018

Open Aorto-lliac | Open Peripheral PTA
(n=5213) (n=18,665) (n=22,358)
Age — mean (sd) 64 (9) 71 (10) 69 (11)
Male sex — no. (%) 2669 (51) 11,020 (59) 11,859 (53)
CCI group - no. (%)
Normal 147 (3) 454 (2) 1864 (8)
Moderate 2600 (50) 5854 (31) 7222 (32)
Severe 1155 (22) 3832 (21) 4414 (20)
Very Severe 1311 (25) 8525 (46) 8858 (40)
Chronic pulmonary disease - no. (%) 993 (19) 4667 (25) 4948 (22)
Diabetes - no. (%) 714 (14) 5475 (29) 5893 (26)
Renal disease - no. (%) 97 (2) 821 (4) 1028 (5)
(Continued)
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Table | (Continued).
Open Aorto-lliac | Open Peripheral PTA
(n=5213) (n=18,665) (n=22,358)
Cardiovascular disease — no. (%)
Any 2079 (40) 10,251 (55) 11,380 (51)
Angina history 734 (14) 3853 (21) 4676 (21)
Stroke or TCI 658 (13) 3549 (19) 3897 (17)
CABG or PCI 356 (7) 1272 (7) 1604 (7)
Congestive heart failure 266 (5) 2513 (13) 2522 (11)
Heart valve disease 154 (3) 1019 (5) 1196 (5)
Acute myocardial infarction 552 (1) 3046 (16) 3364 (15)
Pacemaker or ICD 115 (2) 528 (3) 647 (3)
Other 361 (7) 1670 (9) 1738 (8)
Cancer history - no. (%) 469 (9) 2682 (14) 3161 (14)
Care dependency - no. (%)
Independent 4632 (89) 14,391 (77) 18,243 (82)
Home care 487 (9) 3559 (19) 2909 (13)
Nursing home 37 (1) 402 (2) 501 (2)
Missing 57 (1) 313 (2) 705 (3)
Tobacco use - no. (%)
None 271 (5) 2993 (16) 3225 (14)
Previous (>6 weeks) 1601 (31) 6576 (35) 7900 (35)
Current smoker 3259 (63) 8577 (46) 10,193 (46)
Missing 82 (2) 519 (3) 1040 (5)
Alcohol abuse - no. (%)
None 4518 (87) 16,770 (90) 20,667 (92)
More than 5 units/day 182 (3) 573 (3) 455 (2)
Missing 513 (10) 1322 (7) 1236 (6)
Priority — no. (%)
Elective 4515 (87) 15,155 (81) 19,989 (89)
Subacute 235 (5) 2333 (12) 1670 (7)
Acute 71 (1) 329 (2) 278 (1)
Missing 392 (8) 848 (5) 421 (2)
Indication / disease severity — no. (%)
Claudication 3009 (58) 5726 (31) 13,088 (59)
Pain at rest 1265 (24) 4707 (25) 3188 (14)
Wound 633 (12) 5238 (28) 4254 (19)
Gangrene 285 (5) 2910 (16) 1722 (8)
Revascularization number - no. (%)
Primary revascularization 4686 (90) 15,952 (85) 20,800 (93)
Second revascularization 476 (9) 2645 (14) 1526 (7)
Third revascularization S51(1) 68 (0) 32 (0)
Notes: The DNPR was the data source for Carlson’s comorbidity index. Other disease items were the union set of data in the
DNPR and the DVR. Dependency, tobacco and alcohol history was based on the DVR. Other cardiac disease included:
cardiomyopathy (DNPR); unspecified cardiac surgery history with no current symptoms (DVR); AMI< 6 weeks, unstable
angina or congestive heart failure (DVR); AMI> 6 weeks or asymptomatic arrythmia (DVR), stabile angina or heart medication
(DVR). Full list of ICD codes uses from the DNPR is available in the Supplementary Material. When excluding non-melanoma
skin cancer, the prevalence of patients with a history of cancer was 8% in open aorto-iliac, 11% in open peripheral and |1%
PTA repair. For aorto-iliac surgery, 1742 (33%) were isolated iliac artery repair. For peripheral surgery, 519 (3%) were
axillofemoral bypass and 1170 were hybrid procedures. Thrombendarterectomy also includes angioplasty.
Abbreviations: CABG, Coronary artery bypass; DNPR, Danish National Patient Registry; DVR, Danish Vascular Registry;
ICD, Implantable cardioverter-defibrillator; PCl, Percutaneous coronary intervention; TCI, Transient cerebral ischemia.
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Figure 5 shows the sex- and calendar-year-adjusted increase in CCI by age. The CCI peaked in LEAD repair patients
aged 76-85 years followed by a declining trend in CCI. In the Danish residents, the CCI peaked in age group 8690 years
before declining. PTA was the only LEAD repair group that demonstrated a higher CCI for age groups 76 to 85 compared
to the reference age group, 70—75 years.

Mortality

Table 2 shows the mortality risks, and the crude- and adjusted mortality rates of the three techniques over the study
period. Comparing the calendar period 2015-2018 to 19961999, the crude mortality rate reduced by 22% to 27% in
open surgery (MRRyori0-itiac, 0.73; 95% CI, 0.57-0.95 vs MRR,eripherat, 0.78; 95% CI, 0.71-0.85) and increased by 33%
in PTA (MRRpT4, 1.33; 95% CI, 1.21-1.47). In the adjusted analyses, mortality rates reduced by 24-29% following open
surgery and by 4% following PTA (MRR ,ost0.-itiac> 0.71; 95% CI, 0.54-0.93 vs MRR ,cripheral, 0.76; 95% CI, 0.69-0.83 vs
MRRpT4, 0.96; 95% CI, 0.86-1.07).

In a secondary analysis, where we excluded covariates with missing data (tobacco, alcohol, care dependency,
priority), a more pronounced reduced mortality rate was demonstrated for all three LEAD repair techniques
(MRR yort0-iliacs 0.625 95% CI, 0.48-0.81 vsS MRRperipherats 0.65; 95% CI, 0.59-0.71 vs MRRpra, 0.88; 95% CI, 0.80—
0.98) however, when adjusting for tobacco use and care dependency, which both were significant risk factors for
mortality and were less frequent at the end of the study period (eTable 2), the adjusted MRR estimate increased toward
one by 0.09 to 0.11 (eTables 3 and 4). Thus, tobacco use and care dependency largely explained the estimate differences
between the two models.
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Figure 5 Age trend in Charlson’s comorbidity index score relative to age group 71-75 by population.

Notes: Age trend in Charlson’s comorbidity index (CCIl) score presented as ratios standardized to the calendar year and sex distribution of persons aged 71-75 years
within each population. The bars indicate the 95% confidence intervals and were computed by Poisson regression including the covariates calendar year, age, sex and CCI
score.

Abbreviations: DK, The Danish population; PTA, percutaneous transluminal angioplasty.
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Table 2 Five-Year Mortality Following LEAD Surgery in Denmark 1996-2018

Calendar Period | No. of No. of Risk of Death % Hazard Ratio (95% CI)
of Surgery Deaths | Patients (95% CI) R a
Crude Adjusted
Open Aorto-iliac
1996—1999 430 1473 29.2 (26.8-31.5) Reference Reference
20002004 398 1480 26.9 (24.6-29.1) | 0.90 (0.79-1.04) | 0.94 (0.81-1.09)
2005-2009 279 1026 27.2 (244-29.9) | 0.91 (0.78-1.06) | 0.89 (0.76—1.05)
20102014 175 772 22.7 (19.7-25.6) | 0.74 (0.62-0.88) | 0.78 (0.64-0.94)
20152018 66 462 22.5 (17.5-27.2) | 0.73 (0.57-0.95) | 0.71 (0.54-0.93)
Open peripheral
1996—-1999 1560 3286 47.5 (45.8-49.2) Reference Reference
2000-2004 1785 3924 45.5 (43.9-47.0) | 0.94 (0.88-1.01) | 0.93 (0.87-1.0I)
2005-2009 1795 4155 43.2 (41.7-44.7) | 0.87 (0.82-0.93) | 0.85 (0.79-0.92)
20102014 1712 4148 41.3 (39.842.8) | 0.82 (0.76-0.88) | 0.81 (0.75-0.87)
20152018 804 3152 39.6 (37.4-41.7) | 0.78 (0.71-0.85) | 0.76 (0.69-0.83)
PTA
1996—-1999 622 2045 30.4 (28.4-32.4) Reference Reference
20002004 1225 3709 33.0 (31.5-34.5) I.11 (1.00-1.22) | 0.98 (0.89-1.09)
2005-2009 1837 5570 33.0 (31.7-34.2) I.11 (1.02-1.22) | 0.92 (0.83-1.01)
20102014 2260 6355 35.6 (34.4-36.8) 1.23 (1.13-1.35) | 0.95 (0.86—1.05)
20152018 1140 4679 38.0 (36.2-39.8) 1.33 (1.21-1.47) | 0.96 (0.86—1.07)

Notes: “A priori Cox regression model adjusted for age, sex, CCl group, surgical center, tobacco use, alcohol abuse, care
dependency and priority. We used a stratified Cox regression for peripheral surgery (Bypass or Thrombendarterectomy vs
hybrid vs axillobifemoral bypass) and for aorto-iliac surgery (aorto-iliac- vs isolated iliac surgery). No. of patients censored
19961999, 2000-2004, 2005-2009 was < 5 per LEAD repair technique. For aorto-iliac surgery, peripheral surgery and PTA,
respectively; 12, 79, and |13 were censored in 2010-2014; and 396, 2347, and 3539 were censored in 2015-2018. For
Calendar period 2015-2018 the 5-yr risk of death was predicted using a univariable Cox model with calendar year 1996—
1999 as the baseline hazard.

Abbreviations: CCl, Charlson’s comorbidity index; LEAD, Lower extremity artery disease; PCl, Percutaneous transluminal
angioplasty.

Case priority was poorly registered in 1996 with 90% missingness followed by <1% missingness in the following
years. When excluding priority from the primary analyses, the adjusted 5-year MRR increased by 0.01, 0.04, and 0.03 in
aorto-iliac surgery, peripheral surgery, and PTA, respectively.

When also adjusting the primary analyses for previous vascular repair during the study period, the point estimates of
the adjusted 5-year MRR decreased by 0.00 to 0.01 for the three repair techniques.

The 5-year mortality rate was also reduced in the Danish population aged 41-99 during the same period ([sex, age,
and CCl-adjusted MRR, 0.56; 95% CI, 0.56-0.56]; [sex and age-adjusted MRR 0.72; 95% CI, 0.72-0.72]; eFigure 11).

Mortality by Age, Sex, Comorbidity, and Smoking
The models in this section are adjusted for calendar year, age, and sex.

Compared to the reference age group 61-70 years, the adjusted five-year mortality rate increased significantly in
patients aged 71-80 years and especially in aorto-iliac surgery (MRRoro-itiacs 2.10; 95% CI, 1.85-2.38 vs MRR ,cripherals
1.55;95% CI, 1.47-1.64 vs MRRpra, 1.79; 95% CI, 1.68—1.90). The age effect on mortality did not change over calendar
time (P interactionyoro-itiac=0.56, P interactionperipherai=0.09, P interactionpra=0.24).

Compared to males, females had a 20% to 27% reduced adjusted 5-year mortality (MRR o1t0-itiac, 0.80; 95% CI, 0.72—0.89
vS MRReripherat, 0.78; 95% CI, 0.74-0.81 vs MRRpra, 0.73; 95% CI, 0.70-0.77), which was independent of calendar time

(P interactionagrio-itica= 0.34, P interactionperipnerai=0.10, P interactionprs=0.42).
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Compared with moderate comorbidity, severe comorbidity associated to a 43% to 51% higher adjusted five-year
mortality rate (MRRyorio-itiacs 1.43; 95% CI, 1.24 to 1.65 vs MRReripherat, 1.515 95% CI, 1.41-1.62 vs MRRpr,, 1.49;
95% CI, 1.38 to 1.61); and very severe comorbidity associated to a 120% to 149% higher adjusted MRR (MRR o t0-itiac»
2.20; 95% CI, 1.94 to 2.49 vs MRRperipherat, 2.33; 95% CI, 2.20 to 2.46 vs MRRpra, 2.49; 95% CI, 2.34 to 2.65). The
mortality rate changed similarly over time for all CCI subgroups (P interaction > 0.47 for all three repair techniques).

Compared to no tobacco use, registered smoking was associated with a 10% greater age, sex, and calendar year-
adjusted mortality rate in peripheral surgery (MRRoro-itiac, 1.14; 95% CI, 0.92 to 1.43 vs MRReripherat, 1.10; 95% CI,
1.03 to 1.17 vs MRRpra 1.00; 95% CI, 0.93 to 1.07).

Mortality by Care Dependency

Compared to care independence, patients with home care had an 85% to 120% higher age, sex, CCI, and calendar year-
adjusted mortality rate (MRRort0-itiac, 1.85; 95% CI, 1.60-2.14 vs MRRperipherat, 1.92; 95% CI, 1.82-2.03 vs MRRpta
2.20; 95% CI, 2.07-2.33).

Discussion

In this nationwide register study of LEAD repair epidemiology, we observed a 30% IR decline of first-time LEAD repair
in the Danish population from 1996 to 2018, mainly due to reduced repair from claudication and in individuals below 80
years. Opposingly, repair became more frequent in persons above 80 years due to increased use of PTA in this age group.
The adjusted mortality rates decreased following open surgery and seemed unaltered following PTA despite increasing
age and comorbidity. Age, male sex, CCI group, care dependency and smoking were important predictors of mortality.

Incidence Findings

Comparing our results with other studies is challenging due to evolving LEAD definitions.>> Most LEAD repair studies
focus on disease prevalence, or surgical caseload without taking alterations in the sex- and age-composition of the risk
population into account.®” However, a UK national representative cohort study established a 15% decline (IRR, 0.85;
95% CI, 0.82-0.88) in the standardized incidence of peripheral artery disease diagnoses from 2006 to 2015 which seems
lower than our finding, as we observed an approx. 22% IR reduction in first-time LEAD repair from ~ 71 to 56 per
100.000 person-year between 2006 and 2015 (Figure 1).%*

The IR for LEAD peaked at age 71-80 years in our study. The mean age was around 71 years for peripheral surgery,
which is comparable to an international report.®

LEAD prevalence is generally higher in men than in women, except in low- and middle-income countries.” Our study
found a 22% lower IR in females, with the proportion of women ranging from 49% in aorto-iliac to 41% in peripheral
surgery. This is higher than the 25-43.5% reported in other Western countries from 2005-2017.% This variation from
previous studies may reflect a historically high prevalence of smoking among Danish women and/or other socio-
demographic differences between Denmark and the other reporting countries.*

The IR by comorbidity was 87% higher in the population with very severe comorbidity compared with moderate
comorbidity. This finding may not be surprising as vascular surgical patients are notoriously comorbid.***’

The overall decrease in Denmark’s LEAD repair IR could be due to reduced patient risk factors, increased use of
secondary atherosclerosis prophylaxis, and changes in repair policies, because conservative management of claudication
(medicines, exercise) is currently promoted.? Despite reduced tobacco consumption and increased use of secondary
preventive antihypertensive-, antithrombotic- and lipid-lowering drugs in Denmark,>>® the male claudication prevalence
has remained stable from 2010 to 2016,>* which might be explained by improved survival among persons with
claudication. Diabetes mellitus and smoking are the most significant risk factors for LEAD development,” and while
glycemic control may have improved, diabetes prevalence is rising in Denmark.*° More distal, atherosclerotic ulcerations
are pathognomonic to LEAD following diabetes.'®*' In line with this, we found that the IR of LEAD repair due to
wound/gangrene was temporally more stable than the IR of LEAD repair due to claudication and pain at rest.

Our results are consistent with the decreasing IR of first-time hospitalization for acute myocardial infarction in
Denmark from 1984 to 2008, which may be less influenced by surgical or cardiologic selection, as it includes all
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diagnoses regardless of subsequent coronary intervention.>* Our findings contribute to the general picture of the trends in
atherosclerosis in Denmark, by showing that the health care burden from atherosclerosis requiring LEAD repair is now
coming down, predominantly in the younger age groups.

Patient Characteristics

The most striking change in patient characteristics was a six-year increase in age of PTA patients as opposed to only
one year increase in age for open surgery. Additionally, the CCI increased over calendar time independently of age and
sex. The age effect on CCI score varied by population. Patients undergoing open vascular surgery peaked in CCI at the
age 71-80 years, PTA patients at the age of 81-85 years, while the Danish population’s CCI peaked at age 86-90 years
before declining. These findings likely reflect the underlying selection of the patients for the surgical procedures; that
patients with both advanced age and comorbidity may be more likely to be offered PTA due to this revascularization
technique being less invasive.

When comparing the CCI scores of patients in our cohort to Danish patients hospitalized for acute myocardial
infarction and hip fracture from approximately 1980 to 2010, we found that the CCI scores were substantially higher in
the LEAD repair patients. The proportion of patients with no/normal comorbidity in our cohort was rare at around 8%,
whereas it ranged from 64% to 75% for acute myocardial infarction patients and 33% to 66% in hip fracture patients.>*~>

Diabetes was prevalent in 14% of aorto-iliac surgery patients, set against 29% in peripheral surgery and 26% in PTA.
This may partially be confounded by age as diabetes 2 increases with age and aorto-iliac patients were younger.*° It may
also be explained by a different set of risk factors for the central and peripheral stenoses. Diabetes more often causes
more general and distal lower extremity atherosclerotic occlusions, as opposed to aorto-iliac lesions which are more often

caused by smoking and hypercholesterolemia.'®

Mortality Findings

A key mortality finding is an improved survival following surgical revascularization, but rather unaltered survival
following PTA. This could indicate that endovascular treatment is increasingly offered to patients who are more
comorbid and frailer, and for whom surgery is considered too risky. This indicates that the results may be
confounded by unknown risk factors that are not captured in the Danish registers. The severity and complexity

34 and these details are not

of the atherosclerotic stenosis itself may also have a causal link with mortality,
registered into the DVR as they are difficult to condense into covariates. Historically, severe lesions have been
managed with open surgery, but recent PTA techniques have provided a treatment option for widespread stenoses
in the aorta, iliac, and peripheral arteries that were previously not suitable for endovascular therapy.

Age was a significant risk factor for the adjusted S-year mortality rate, particularly following aorto-iliac surgery.
The mortality rate doubled for patients in their 70s compared to those in their 60s in aorto-iliac surgery, while there
was only a 50% increase in mortality for less invasive procedures like peripheral surgery and PTA. This finding
substantiates the general clinical impression, that patients with advanced age are particularly vulnerable to open aortic-
iliac surgery.

We established several important mortality predictors and confounders for the trend in mortality. For aorto-iliac and
peripheral surgery, both crude and adjusted 5-year mortality rates were reduced by approximately 25% over the study period.
Following PTA, the crude mortality rate increased by 33%, while the adjusted estimate (IRR=0.96) indicated unaltered
survival. For all three repair techniques, adjusting for age, CCI, and healthcare region demonstrated reduced adjusted mortality
rates. However, adjusting for tobacco use and care dependency increased the estimates for all three procedures, likely due to
a reduction in active smokers and care dependent patients over the study period, which is supported by the general pattern in
Denmark.?>* The analyses leave us with the general impression, that innovations in endovascular techniques have led to
a shift in repair from open surgery to PTA in older patients who potentially have more complex atherosclerotic lesions and co-
morbidities. This likely explains the divergent mortality finding between the LEAD repair groups.
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Strengths and Limitations
Strengths of our study include a longitudinal design spanning twenty-three years of data from well-validated registers
securing completeness, and enabling estimation of sex-, age-, and comorbidity-specific incidence and mortality rates
following both primary and recurrent LEAD repair using other techniques.

However, there are some limitations to consider. Firstly, the variable of care dependency, which was
a significant confounder for mortality, has not been validated in the DVR, which could impact the accuracy of
our mortality findings.*®*” Secondly, the study lacks IRs for LEAD diagnoses due to a low positive predictive
value in the DNPR of 70-90%.**3° This may have introduced bias in the observed IR, as altered surgical selection
including conservative management of claudication has been introduced over the study period. Thirdly, the
differences in adjusted mortality rates between open/surgical vs endovascular repair may be biased by unknown
patient risk factors, as PTA is increasingly being offered to older and more frail patients with complex and severe
atherosclerotic lesions that were previously managed by open repair. Fourthly, the temporal CCI increase in LEAD
patients may be due to increased diagnosis registration at discharge, despite reimbursement for registration in the
Danish healthcare system throughout the study period. Finally, it is important to note that extrapolation of these
findings to other countries might be limited because of differences in risk behavior and clinical practice.

Conclusion

In conclusion, our study showed an overall declining IR of LEAD repair in the Danish population, increasing IR and shift
towards endovascular treatment of persons aged above 80 years, and reduced LEAD repair due to claudication. Adjusted
five-year mortality rates declined following open surgery, and despite changes in patient characteristics remained stable
following PTA.
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