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ABSTRACT

Background: Peripheral arterial disease (PAD) is known as the greatest risk factor affecting 
the amputation of diabetic foot. Thus, it is crucial to understand the epidemiology of PAD 
associated with diabetic foot and the relationship between PTA and amputation in predicting 
prognosis. However, no such multi-year data are available in Korea. Thus, the purpose of 
this study was to investigate trends of amputation involving diabetic foot based on vascular 
interventions for PAD in Korea.
Methods: This study was conducted using six-year data obtained from Health Insurance 
Review and Assessment Service from January 1, 2011 to December 31, 2016. Our 
study included data pertaining to diabetic foot, PAD, and vascular intervention codes 
(percutaneous transluminal angioplasty [PTA, M6597], percutaneous intravascular 
installation of stent-graft [PIISG, M6605], and percutaneous intravascular atherectomy 
[PIA, M6620]). We analyzed the number of vascular interventions and minor and major 
amputations each year. The relationship between annual amputation and vascular 
intervention was analyzed using χ2 test.
Results: The overall number of vascular interventions increased from 253 (PTA, 111; PIISG, 
140; and PIA, 2) in 2011 to 1,230 (PTA, 745; PIISG, 470; and PIA, 15) in 2016. During the 
same period, the number of minor amputations increased from 2,534 to 3,319 while major 
amputations decreased from 980 to 956. The proportion of minor amputations among 
patients who underwent vascular intervention was significantly increased from 19.34% in 
2011 to 21.45% in 2016 while the proportion of major amputations among these patients was 
significantly reduced from 9.88% to 4.27%. In addition, the association between vascular 
intervention and amputation increased from 0.56 (spearman correlation coefficient) in 2011 
to 0.62 in 2016.
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Conclusion: In diabetic foot patients, increase in vascular intervention resulted in a change in 
amputation pattern, showing statistically significant correlation.
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INTRODUCTION

Diabetic foot is a severe chronic diabetic complication that consists of lesions in deep tissues 
associated with neurological disorders and peripheral vascular disease in the lower limb.1 
Ulceration of diabetic foot is an urgent medical problem. Only two-thirds of foot ulcers 
eventually heal2,3 and up to 28% may warrant lower extremity amputation.4 It has been 
reported that every 30 seconds a lower limb is lost somewhere in the world as a consequence 
of diabetes.5

Peripheral arterial disease (PAD) is known to be a risk factor affecting the amputation of 
diabetic foot. PAD with the highest severity is associated with a 20-fold higher prevalence 
of amputation in patients with diabetes.6-8 Adequate blood flow is essential for healing 
and combating severe infections involving diabetic foot. Therefore, appropriate PAD 
screening and vascular care, especially in patients with diabetes, is important to reduce 
the risk of amputation.9,10 Percutaneous transluminal angioplasty (PTA) is a commonly 
used revascularization method with low procedural morbidity and mortality that can 
reduce the risk.11 In the literature, PTA is routinely indicated as a first-line intervention for 
revascularization of patients diagnosed with ischemic diabetic ulcers.12 Thus, it is crucial 
to understand the epidemiology of PAD associated with diabetic foot and the relationship 
between PTA and amputation in predicting prognosis to establish the health care budget. 
However, no such multi-year data are available in Korea. Therefore, the purpose of this 
study was to investigate trends of amputation involving diabetic foot based on vascular 
interventions for PAD using National Health Insurance Service data provided by the Health 
Insurance Review and Assessment Service (HIRA) in Korea.

METHODS

Codes that signify diabetic foot directly were started in January 1, 2011 following 
implementation of the sixth edition of Korean statistical classification of disease and related 
health problems-6 system (KCD-6). Until year 2010, disease codes indicating diabetic 
foot gangrene and ulcer were different from diabetes codes. In the absence of appropriate 
documentation of disease code for foot wound, patients with diabetic foot were missed. 
Therefore, our study did not investigate data before 2010. We only included data after 2011. 
Thus, this study was conducted using six-year data obtained from HIRA from January 1, 
2011 to December 31, 2016. Additionally, one year of wash-out period was set in order to 
determine the incidence of diabetic foot and PAD. Accordingly, incidence rate of newly 
diagnosed diabetic foot and PAD patients since 2012 was determined. Diabetic foot and 
codes for PAD and amputation included in our study are summarized in Tables 1 and 2. We 
classified amputations involving thigh (N0572) and tibia (N0573) as major amputations 
while amputations performed on foot (N0574) and phalanx (N0575) were considered as 
minor amputations. Vascular intervention codes for percutaneous transluminal angioplasty 
(PTA, M6597), percutaneous intravascular installation of Stent-Graft (PIISG, M6605), and 
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percutaneous intravascular atherectomy (PIA, M6620) were also included in our study. We 
analyzed the number of vascular interventions and minor and major amputations by year. 
The relationship between annual amputation and vascular intervention was analyzed using χ2 
test. This study used SAS Enterprise Guide ver. 6.1 M1 (SAS Institute Inc., Cary, NC, USA) for 
all data analyses.

Ethics statement
This retrospective study was approved by the Institutional Review Board of Soonchunhyang 
University Hospital Seoul (approval No. SCHUH 2018-01-007) and informed consent was 
waived from Institutional Review Board of Soonchunhyang University Hospital Seoul.

RESULTS

From 2011 to 2016, the overall number of vascular interventions increased from 253 (PTA, 
111; PIISG, 140; and PIA, 2) to 1,230 (PTA, 745; PIISG, 470; and PIA, 15) (Fig.1). During the 
same time period, the total number of amputations increased from 3,514 to 4,275. Types of 
amputation varied. The number of minor amputations increased from 2,534 to 3,319 while 
the number of major amputations decreased from 980 to 956 (Fig. 2).

Between 2011 and 2016, the proportion of minor amputations among patients who 
underwent vascular intervention significantly increased from 19.34% to 21.45% while the 
proportion of major amputations significantly decreased from 9.88% to 4.27% (Fig. 3). 
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Table 1. Codes included: diagnosis
Diagnosis
Diabetic foot

E105: E1050, E1051, E1058
E107: E1070, E1071, E1072, E1078
E115: E1150, E1151, E1158
E117: E1170, E1171, E1172, E1178
E125: E1250, E1251, E1258
E127: E1270, E1271, E1272, E1278
E135: E1350, E1351, E1358
E137: E1370, E1371, E1372, E1378
E145: E1450, E1451, E1458
E147: E1470, E1471, E1472, E1478

Peripheral arterial disease
I702, I7022, I7023, I7024, I7025, I7029

Table 2. Codes included: procedures

Procedures
Vascular intervention

PTA (M6597)
PISSG (M6605)
PIA (M6620)

Amputation
Major amputation

Amputation, thigh (N0572)
Amputation, tibia (N0573)

Minor amputation
Amputation, foot (N0574)
Amputation, phalanx (N0575)

PTA = percutaneous transluminal angioplasty, PISSG = percutaneous intravascular installation of Stent-Graft),  
PIA = percutaneous intravascular atherectomy.
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Furthermore, the association between vascular interventions and amputation increased from 
0.56 (spearman correlation coefficient) in 2011 to 0.62 in 2016 (Fig. 4).

DISCUSSION

To the best of our knowledge, this is the first nationwide analysis focusing on amputation 
trends in relation to peripheral arterial vascular intervention in Korea. The overall incidence 
of vascular intervention procedure increased 4.86-fold over a six-year study period. During 
this time period, a significant increase in minor amputations occurred. It was accompanied 
by a decrease in major amputation. Similar changes were found in the proportion of 
amputations among patients who underwent vascular intervention. In addition, the 
Spearman correlation coefficient demonstrating the association between vascular 
intervention and amputation was increased.
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Fig. 1. Overall number of vascular interventions. 
PTA = percutaneous transluminal angioplasty, PISSG = percutaneous intravascular installation of Stent-Graft), PIA 
= percutaneous intravascular atherectomy.
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Fig. 2. Overall number of amputations.
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Previous studies have reported similar results, showing increased use of peripheral 
endovascular interventions associated with a decrease in the rate of lower limb amputations. 
For example, from 1996 to 2011, the rate of endovascular interventions increased by 165%, 
while the rate of lower limb amputations decreased by 45% in the United States.9 Along with 
increased revascularization rates, major amputation rates decreased from 87.8 to 48.7 while 
minor amputations increased from 12.3 to 19.6 from 2001 to 2014 in Norway.13 Such results 
suggest an increase in the rate of endovascular interventions followed by changes in types 
of amputation, consistent with findings of the current study. Although our observational 
findings cannot explain causal effect on trends of amputation after PTA, it is clear that PTA has 
a positive impact on treatment of diabetic foot patients with PAD. Even though PTA in diabetic 
foot with PAD has progressed to some extent, it may not play a role in preventing amputation 
itself. However, it plays a role in changing major amputation to minor amputation.

As mentioned earlier, PAD is considered a significant risk factor for diabetic foot. Early 
screening and vascular care affect disease progression. Pua and Wong14 have reported a 
healing rate of 66% among patients with pre-existing gangrene and critical limb ischemia after 
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Fig. 3. Proportions of minor and major amputations among patients who underwent vascular intervention.
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Fig. 4. Association between vascular intervention and amputation (Spearman correlation coefficient).
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receiving PTA, along with improved hemodynamic parameters. In another study, Gargiulo et 
al.15 have found that limb salvage and wound healing rates were 92.7% and 74.9%, respectively, 
during a 12-month follow-up after successful angioplasty of the tibial artery. By improving 
tissue perfusion, PTA can minimize the range of ischemic tissue, thus affecting the level of 
amputation. The nationwide trend appears to support such vascular interventions.15

Rapid increase of endovascular interventions is associated with four possibilities.16 First, 
given the less invasive nature of these newer techniques, the threshold for intervention 
has decreased. Thus, a group of patients previously untreated with surgical bypass are now 
candidates for endovascular intervention. Second, due to less durability of endovascular 
interventions compared to surgical bypass, repeated procedures may be necessary for 
endovascular interventions to achieve similar results. Third, provider profiles of physicians 
treating PAD of the lower extremity have increased as vascular surgeons who once only 
performed surgical therapy now almost universally offer endovascular interventions and 
bypass surgery. Lastly, competition and variation between treatment providers might also 
play a role in the expansion of endovascular interventions.

Trends in amputation type discussed in our study played a significant role because minor 
amputations showed a lower rate of postoperative mortality compared to major amputations. 
Compared to an overall 5-year mortality rate of 30% to 40% following major amputation, a 
27% overall 5-year mortality rate was reported in patients undergoing minor amputation.17 
As the majority of patients scheduled for amputation exhibit comorbid conditions such as 
ischemic heart disease, stroke, and renal impairment, they are vulnerable to operations. Due 
to its shorter operation time and lower levels of blood loss, a minor amputation may result in 
positive outcomes postoperatively compared to a major amputation.

This study has a few limitations that need to be addressed. First, diabetic foot and PAD codes 
are diverse, unclear, and occasionally missing. In addition, there was no defined disease code 
for diabetic foot until 2010. Therefore, data pertaining to diabetic foot from 2007 to 2010 
were excluded. This is considered an inevitable limitation associated with the National Health 
Insurance Service data provided by HIRA. Diabetic foot codes need more clarification in order 
to research big data related to diabetic foot in the future for efficient execution of the health 
care budget. Second, it is common to have at least 2 years of wash-out period when calculating 
the incidence of chronic diseases such as diabetes and PAD. However, due to limited study 
period, we used a 1-year wash-out period to calculate the incidence of diabetic foot and PAD. 
This might have influenced results of this study. Third, we used Spearman correlation to 
elucidate the direct relationship between trends of amputation and PTA. Although there 
was a good correlation between trends of amputation and PTA, this study had limitation to 
explain a causal effect. Future work investigating the causal effect is needed. Fourth, diabetic 
foot infection was not considered an independent variable in this study because disease 
code or operational definition for diabetic foot infection was not established in the Big Data. 
Therefore, in this study, infection was not considered in order to improve quality of the 
data. Thus, future studies need to consider infection status in diabetic foot through defined 
operational definition. Nevertheless, the current study is valuable in that it is among the first 
reports analyzing trends of amputation in relation to peripheral arterial vascular intervention 
using National Health Insurance Service data provided by the HIRA in Korea.

Trends involving the frequency of peripheral arterial vascular interventions and amputations 
associated with lower extremities in Korea from 2011 to 2016 were in line with international 
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experience. The Korean population is aging. An increase in patient population with diabetes 
and peripheral arterial disease is expected. Therefore, evaluation of vascular status of diabetic 
foot patients represents the first step in minimizing the range of amputations and mobilizing 
additional treatment resources.
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