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Abstract

Objectives. Our study aim was to investigate the complete wound-healing rate in patients with chronic limb-threatening ischemia
(CLT1) after endovascular revascularization, comparing the effectiveness of wound care management by plastic surgeons with
other medical specialists. Methods. A retrospective review was conducted on 1000 CLTI cases of successful revascularization
for de novo infrapopliteal lesions. At 8 hospitals, wound care management was performed by a plastic surgeon (PS group; n =
622 cases), and at 6 sites, wound care management was provided by other medical specialists (non-PS group; n = 244 cases).
Propensity-score analysis was used for risk adjustment (n = 242 in each group). The primary outcome was the rate of complete
wound healing at 4 months. Results. The PS group had a significantly higher wound-healing rate compared with the non-PS
group (P=.02); the rate at 4 months was 52.0% vs 40.0%, respectively. Conclusion. Wound care management after successful

revascularization by plastic surgeons showed a higher rate of wound healing compared with other specialists. Plastic surgeons

in multidisciplinary team care provide the vital role of complete healing in CLTI treatment.
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Chronic limb-threatening ischemia (CLTI) is defined as extrem-
ity pain at rest or impending tissue loss caused by severely or

chronically compromised blood flow. Above all, in patients with

CLTI, the annual mortality rate and major amputation is high.!

Revascularization, including bypass surgery and endovascular

treatment (EVT), is the standard theoretical option according to

the latest guidelines.?* Several recent reports have also favored

the efficacy of EVT for the initial treatment of CLTI patients and

resulted in an annual decrease in major amputations, complete

wound healing, and a reduced mortality rate.>'° However, some

patients did not benefit from successful revascularization con-
cerning amputation-free survival and complete wound healing,
and poor healing was reported in 20%-30% of cases.'®
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In recent years, several consensuses have been advocated
by multidisciplinary care (MDC) teams to improve outcomes
in CLTI. A study by Chung et al featuring the MDC pathway for
the management of a population of CLTI patients improved
amputation-free survival rate significantly (P=.02) by greater
than standard wound care." Generally, the MDC team includes
revascularization operators, podiatry, plastic surgeon, vascular
surgeon, orthopedist, dermatologist, nursing staff, rehabilitation
staff, and infection control team. Otherwise, the individual roles
of the members of the MDC team are still unclear. This study aims
to investigate the complete wound-healing rates for wound care
management specialists and other medical specialists in patients
who have successfully undergone revascularization for CLTI.
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heparin) were administered according to
local hospital policy and physician discre-

1000 patients were enrolled after successful
endovascular treatment

tion. All EVT procedures were performed
under local anesthesia. Angiography was
performed via an antegrade approach by

I
| Wound Care Management by |

I

ipsilateral common femoral artery access.
A guidewire was placed across the lesion
and dilated for at least 60 seconds with an

Non Plastic (Non-PS)Surgeon Group
Vascular Surgeon, Dermatologist, Orthopedic

Plastic Surgeon (PS) Group
726 cases (8 hospitals)

optimally sized balloon. Procedures that
used a drug-coated balloon, atherectomy

Surgeon, Interventional Cardiologist
274 cases (6 hospitals)

device, or stent implantation were excluded
from this study because these devices are
in non-approval status.

30 cases were protocol violation |

64 cases were protocol violation |

Wound management. Specialists for wound
care management were determined by

244 cases were included
R5/6 173/71
in primary analysis

662 cases were included
R5/6 421/241
in primary analysis

the policy of each hospital. Wound care
was provided by plastic surgeons (the PS
group; n = 662) at 8 sites, and by vascular

FIGURE 1. Study design. Patient enrollment numbers: consented (n = 1000), protocol violation (n = 94),

plastic surgeon (PS) group (n = 662), and non-PS group (n = 244).

Methods

Study design. This study was a multicenter retrospective analysis

based on a prospectively maintained database of patients. CLTI

patients who successfully underwent percutaneous translu-
minal angioplasty for isolated infrapopliteal arterial disease

at 14 cardiovascular centers from 2006-2012 were enrolled.
Their revascularization strategies were left to the discretion of
each institution after discussions with their vascular surgeon,
interventional radiologist, and cardiologist. A total of 1000

consecutive cases with ischemic tissue loss underwent primary
EVT for chronic infrapopliteal arterial ischemia. Forty-six cases

with missing follow-up data and 48 cases with missing baseline

data of interest were excluded. Finally, 906 cases were included

in the primary analysis (Figure 1). This study was a subanalysis

based on the database of the J-BEAT (Japanese BElow-the-knee

Artery Treatment) registry, which was registered in the University
Hospital Medical Information Network Clinical Trial Registry
(UMIN-CTR; No. UMINO00004917). The institutional review
boards of the participating institutions approved the study.
This study was conducted in accordance with the Declaration of
Helsinki, and all patients gave written informed consent for both

EVT and inclusion in this study prior to the procedure.

EVT protocol. All EVT procedures were performed by EVT special-
ists, which included cardiovascular interventionists, interventional
radiologists, and vascular surgeons. Medications (including pre-
and postprocedure aspirin, clopidogrel, ticlopidine, warfarin, and
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surgeons, dermatologists, orthopedic sur-
geons, and/or interventional cardiologists
(the non-PS group; n = 244) at 6 sites. At
these participating sites, there are no po-
diatrists responsible for ischemic wound
care. Ischemic ulcers were evaluated and treated during fol-
low-up by either the plastic surgeon(s) or wound care specialists
mentioned above.

Wound severity and presence of infection were assessed by
the responsible physicians. They also determined indications
for antibiotic therapy, wound closure, debridement, dressing,
vacuum-assisted closure therapy, and/or hyperbaric oxygen
therapy. The timing of repeat revascularization and major or
minor amputation was determined when wound healing could
not be observed and/or conditions deteriorated. The ulcer status
at 1 month and 4 months and the complete ulcer healing time
were recorded.

Follow-up protocol. All patients were followed at 1 week and 1
month after revascularization, and then monthly for a total of 4
months, as previous studies had shown complete wound healing
to take 3 months on average.® Follow-up examinations included
limb status, ankle-brachial index (ABI), and skin perfusion
pressure (SensiLase PAD 3000; Visamed) measured on the dorsal
and plantar surfaces of the foot, when possible.

Outcomes. The primary outcome was the comparison of com-
plete wound healing rates between the PS and non-PS groups.
Complete healing was defined as the achievement of complete
epithelialization of all wounds without any major amputation.
To minimize differences in the baseline characteristics of the
2 groups, propensity-score matching was employed and the
data were analyzed. The secondary outcomes were a comparison
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of freedom from major adverse limb event TABLE 1. Baseline characteristics of the overall (unmatched) study population.
(MALE) rate, defined as a composite of ma-

jor amputations and surgical conversions (Ovegr(a)l;) NOF-PSZ 2;‘;“" '(>S G;‘;‘;F)’ v Pl -
n= n= n= alue

between the PS and non-PS groups.

Age (years) 71+11 7110 7011 12
Definitions. Objective ischemic tissue loss Male gender 643 (71%) 172 (70%) 471 (71%) .87
has been defined as tissue loss associated Non-ambulatory status 417 (46%) 112 (46%) 305 (46%) >.99
with an ankle pressure of <70 mm Hgora

Bod index (k: 2 21.6+3.4 21.7 +3.7 21.5+33 44
toe pressure of <50 mm Hg.! When these e k)
criteria could not be met, the skin perfu-  Hypertension 660 (73%) 175 (72%) 485 (73%) .67
sion pressure was measured, and values Hyperlipidemia 359 (40%) 121 (50%) 238 (36%) <.001
?f ;40 mmHg wlere defined as indicating Diabetes mellitus 699 (77%) 192 (79%) 507 (77%) 53
ischemic tissue loss.

. . 0, 0, 0,

Wounds were classified according to Chronic renal failure 641 (71%) 157 (64%) 484 (73%) .01
the Rutherford classification.”? Rutherford Regular dialysis 607 (67%) 148 (61%) 459 (69%) .02
category 5 denotes minor tissue loss, ie, a Smoking 325 (36%) 72 (30%) 352 (38%) .02
non-healing ulcer or focal gangrene with

. . . Coronary artery disease 479 (53%) 135 (55%) 344 (52%) 41
diffuse pedal ischemia. Rutherford category J J
6 denotes major tissue loss extendingabove ~ Cerebrovascular disease 222 (25%) 62 (25%) 160 (24%) 73
the transmetatarsal level of the functional Aspirin use 718 (79%) 196 (80%) 522 (79%) .65
foolt, witl(; the}llinilb nlo longer salvageable, oS 326 (51%) 93 (38%) 233 (35%) 44
or located at the heel.
. . . i 462 (51% 87 (36% 375 (57% .001

Isolated infrapopliteal artery disease was Cilostazol use (51%) (36%) (57%) ©
defined as critical limb ischemia secondary Serum albumin (g/dL) 35:0.6 3.6+0.6 3.5+0.6 .10
to below-the-knee lesions without any sig- Hemoglobin (g/dL) 11.0:1.8 11.0+ 1.9 11.0+1.8 .93
nificant popliteal, femoral, iliac, or aortic

P ‘P . i LV ejection fraction (%) 58 +14 56 + 14 58 +14 .02
artery lesions. Patients who died before
complete wound healing were counted as Rutherford 6 312 (34%) 71(29%) 241 (36%) .04
delayed wound healing, with the date of =~ Wound location
death as the cut-off date. In patients who Toe 788 (87%) 203 (83%) 585 (88%) 04
underwent major amputation, the healing 1 131 (14%) 37 (15%) 94 (14%) 75
time was considered to be infinite. & i 0 0 ’

Ankle 15 (2%) 5(2%) 10 (2%) .56
Statistical analysis. Data are presented Sole 27 (3%) 2 (1%) 25 (4%) 02
as mean i standard deviation for contin- Instep 56 (6%) 14 (6%) 42 (6%) 88
uous variables and number (percentage)
. 0, 0, 0,

for discrete variables, unless otherwise Infection 376 (42%) 80 (33%) 296 (45%) =t
stated. A P-value of <.05 was considered TASC class D 824 (91%) 222 (91%) 602 (91%) >.99
statistically significant, and 95% confi-  pi.act revascularization 555 (61%) 157 (64%) 398 (60%) .25
dence intervals (CIs) were calculated when Belom-the.ankl p 1s08 1207 11s08 29
required. Incidence rates were estimated elow-the-anile run-o S S T '
by the Kaplan-Meier method, and inter- Data are presented as means standard deviation or number (%). ' ;

i P-values represent differences between the PS and non-PS groups. The intergroup difference was tested by
group differences were assessed by the the unpaired t-test for continuous variables, by the Fisher’s exact test for dichotomous variables.
Iog_rank test. To minimize intergroup LV = left ventricular; PS = plastic surgery.

differences in baseline characteristics,

comparisons between the PS and non-PS groups were per- disease, aspirin use, thienopyridine use, cilostazol use, serum
formed after propensity-score matching. The propensity score  albumin levels, hemoglobin levels, left ventricular ejection
was developed using the logistic regression model in which the  fraction, Rutherford classification, detailed wound localization
following were included as explanatory variables: age, gender,  (toe, heel, ankle, sole, and instep), TransAtlantic Inter-Society
ambulatory status, body mass index, hypertension, hyperlipid- Consensus (TASC) classification, direct revascularization
emia, diabetes mellitus, chronic renal failure, regular dialysis, (defined as angiosome-oriented direct revascularization by
smoking status, coronary artery disease, cerebrovascular  which the angiosome-based arteries were recanalized), and
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Distribution of Propensity Scores
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Propensity-score matching extracted
242 pairs from the 2 groups (Figure 2),

o 2 @y, 080 o S TR0 5 P U o
% °3&%‘9%§”@%% s iy RO °

0 O Q o o o © o
v ER RS ARR :
°© &0000 s 5 o © so § % o

Unmatched cases having wound care with plastic surgeons

Matched cases having wound care with plastic surgeons

Matched cases having wound care without plastic surgeons

Unmatched cases having wound care without plastic surgeons

no significant intergroup difference was
found in baseline characteristics (Table 2).
As shown in Figure 3, the PS group had a
° significantly higher wound-healing rate
compared with the non-PS group (P=.02),
ie, the rate at 4 months was 52.0% (95% CI,
45.3-58.7) vs 40.0% (95% CI, 33.5-46.5%).
Moreover, the PS group showed signifi-
cantly higher freedom from MALE (92.4%
vs 85.0%; P=.03) (Figure 4).

Discussion

This study examined the role of plastic
surgeons on wound healing after EVT in
a cohort of CLTI patients with isolated
infrapopliteal lesions. After propensity

T T T T T
-1 0 1 2 3

Logit of propensity score

: matching of patient and lesion baseline
characteristics, the analysis showed better
wound healing in the PS group than in the

FIGURE 2. Distribution of propensity scores. Each circle represents a case plotted according to its
logit of the propensity score. The 2 center rows show the matched cases in the plastic surgeon and
non-plastic surgeon groups (n = 242 in each). Upper and lower rows show the cases in these groups

that were not matched during the process.

below-the-ankle run-off. According to recommendations by
Austin et al,”” we matched on the logit of the propensity score
with calipers of width equal to 0.2 of the standard deviation of
the logit of the propensity score. Intergroup differences after
matching were tested as paired analyses. Propensity-score
matching was performed with R, version 3.1.0 software (R
Foundation for Statistical Computing) and other statistical
analyses with SPSS Statistics, version 22 (IBM).

Results

The main clinical characteristics of the included studies
are outlined in Table 1. Common clinical characteristics were
hypertension (73%), hyperlipidemia (40%), diabetes mellitus
(77%), and current smoking (36%). End-stage renal dysfunction
on hemodialysis was observed in 607 cases (67%) and Rutherford
category 6 disease was noted in 312 cases (34%). A total of 376
cases (42%) were complicated with infection.

The PS group had a higher prevalence of renal dysfunction,
history of smoking, Rutherford category 6 symptoms, infection,
and more frequent use of cilostazol, whereas the non-PS group
was more likely to have hyperlipidemia and lower left ventricular
ejection fractions.

Eq

non-PS group.

In the last decade, EVT procedures
for CLTT have been established, and the
number of major amputations has been
decreasing.> Furthermore, there is a disso-
ciation between amputation-free survival
and complete wound healing, and a few
patients could not achieve complete wound healing after successful
revascularization.*® Revascularization is a prerequisite for the
effective treatment of CLTI and, combined with careful wound
management, is a must for complete ulcer healing.

Recently, physicians and medical staff of different back-
grounds have participated in the formation of MDC teams, and
several articles have advocated this method to improve CLTI
outcomes.*!5 Although previous reports have shown the MDC
team’s effectiveness, the individual specialists’ roles were not
discussed. Because of the rapid development of endovascular
revascularization, many teams have experts in revascularization,
but not in wound care specific to CLTI. The situation depends
on each country. In the European Union, Ukraine, and Austra-
lia, the podiatrist takes the role. In other areas, the process is
not popular. In Japan, the effectiveness of EVT procedures and
wound care by plastic surgeons adept in ischemic wounds have
both been demonstrated.’*”” Most patients who need wound care
are referred to a plastic surgeon. However, there is a shortage of
plastic surgeons specializing in ischemic wound care management
despite the great demand for such specialists. In facilities where
a plastic surgeon is not available, a team approach consisting of a
vascular surgeon, dermatologist, orthopedist, and interventional
cardiologist is taken.
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No comparative studies of wound-healing rates between plas-
tic surgeons and other medical specialists have been conducted.

There are three reasons for the lack of such data. First, EVT
procedures have yet to be standardized and, without the normal-
ization and standardization of EVT treatment strategies, accu-
rate conclusions cannot be reached. However, recent advances
have been made in standardization and the 14 facilities that
participated in this study were highly skilled and experienced
centers with thorough and complete patient evaluations and high
success rates. Thus, it can be said that a relatively consistent and
standard EVT treatment regimen and appropriate analyses were
performed for this study.

Second, the standardization of wound care management has
not been established. Plastic surgeons could provide the best
treatment options, particularly in complex ischemic wounds.
They are familiarized with infection control, wound closure,
debridement, dressing, VAC therapy, hyperbaric oxygen therapy,
and low-density lipoprotein apheresis therapy.'*?* They could
also accurately suggest the timing of minor surgery, amputation,
and/or the need for additional revascularization.?** The healing
rate is significantly lower in patients with PAD complicated by
infection, and 42% were complicated by infection in the present
study. Even when revascularization was performed, healing was
difficult in the presence of infection. Therefore, local control of
gangrene and ulcers was indispensable and close cooperation
with plastic surgeons was vital.” However, due to the shortage of
plastic surgeons, such wound care is presently being performed
by various medical specialists.

Finally, in the current study, the PS group included more
severe wounds than in the non-PS group, ie, Rutherford category
6 ischemia and infected limbs. However, in matched analysis, the
time course of complete wound healing was faster in the PS group
than in the non-PS group. The 4-month wound-healing rate in
the PS group was 52% and freedom from MALE was extremely
high at 92.4%. This compares favorably with the current state of
CLTItreatment, which has a 20% mortality rate at 6 months and
a 25%-30% major amputation rate at 1 year. These facts suggest
that the specialized care provided by plastic surgeons resulted
in more favorable wound-healing outcomes.

To the best of our knowledge, this is the first report compar-
ing ischemic wound care between plastic surgeons adept with
ischemic wounds and other medical specialists after EVT. Revas-
cularization alone is insufficient for complete wound healing, and
specialized wound care by plastic surgeons or podiatrists was
shown to be indispensable for complete healing. MDC teams who
are involved after CLTI revascularization are recommended to
work together with plastic surgeons or podiatrists for improved
rates of complete wound healing.

Study limitations. There were several limitations to this study
that may have affected the clinical outcomes. First, this was a
retrospective analysis; despite the use of data from multiple
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TABLE 2. Baseline characteristics of the matched study population.

Non-PS Group PS Group P-
(n=242) (n=242) Value

Age (years) 71:10 7210 .64
Male gender 170 (70%) 163 (67%) .55
Non-ambulatory 111 (46%) 106 (44%) 72
status
Body mass index 21.7+3.7 21.7+3.6 .89
(kg/m?)
Hypertension 174 (72%) 176 (73%) .92
Hyperlipidemia 119 (49%) 103 (43%) 13
Diabetes mellitus 190 (79%) 186 (77%) 74
Chronic renal failure 157 (79%) 164 (68%) .55
Regular dialysis 148 (61%) 155 (64%) .56
Smoking 72 (30%) 81(33%) 41
Coronary artery 133 (55%) 122 (50%) .38
disease
Cerebrovascular 62 (26%) 61(25%) >.99
disease
Aspirin use 194 (80%) 191 (79%) .82
Thienopiridyne use 92 (38%) 83 (34%) 42
Cilostazol use 86 (36%) 99 (41%) 19
Serum albumin (g/dL) 3.6+0.6 3.5+ 06 .51
Hemoglobin (g/dL) 11019 10.8 + 1.7 .29
LV ejection fraction 56 +14 57 +14 21
(%)
Rutherford 6 71(29%) 59 (24%) .26
Wound location

Toe 201 (83%) 201 (83%) 13

Heel 37 (15%) 28 (12%) .30

Ankle 5 (2%) 6 (2%) >.99

Sole 2 (1%) 0 (0%) .50

Instep 14 (6%) 11 (5%) .68
Infection 80 (33%) 77 (32%) .84
TASC class D 220 (91%) 222 (92%) .88
Direct 155 (64%) 164 (68%) .45
revascularization
Below-the-ankle 11+0.7 11+0.8 .91
runoff

Data are presented as means + standard deviation or number (%).

Intergroup difference was tested by the paired t-test for continuous variables
and by the McNemar test for dichotomous variables.

LV = left ventricular; PS = plastic surgery.

Es



THE ROLE OF PLASTIC SURGEONS IN WOUND CARE FOR CLTI FUJIHARA, ET AL.

large-scale prospective databases and
propensity-matched scores, a chance
of bias remained in many of the data
assignments. Second, data were lacking
from the latest classification schemes,
the Wound, Ischemia, and Foot Infection
(WIfI)* and Global Anatomic Staging Sys-
tem (GLASS).” Third, the data presented
- " in this study were mainly from revascu-

-—
S

P=.02 (log rank test)

o
s

o
QR

PS group

Wound healing rate
o
&

larization physicians, and there was a
lack of detailed data on wound-manage-

o
N

ment methods. In addition to appropriate

' revascularization, the types of wound

30 60 90 120 management are also important topics
Follow-up period (days) for future investigations.

©
o

0 days 30 days 60 days 90 days 120 days
PS group No. at risk 242 230 158 123 99
Rate=*SE 0.0*x0.0% 12.4%2.2% 36.2*3.2% 46.7%*3.3% 52.0*3.4%
Non-PS group No. at risk 242 216 184 150 127
Rate*SE 0.0+£0.0% 9.9%2.0% 22.2*+2.7% 33.5%*3.1% 40.0%*3.3%

Conclusion

Our cohort data showed that the rate of
complete wound healing after successful
EVT in CLTI patients treated by plastic

surgeons was superior to the rate for those
FIGURE 3. The cumulative wound-healing rate after endovascular treatment (with propensity matching)  tpeated by other medical specialists. These
was 52.0% in the plastic surgeon group vs 40.0% in the non-plastic surgeon group (P=.02).

data clearly suggest that revascularization
alone is insufficient for complete healing
in ischemic wounds. Specialists who focus
on ischemic wounds are better equipped
to perform wound care treatment than

L " FS group those who do not fully comprehend the
BN} st complexities of these patients and utilize
w 0.8] Non-PS group the emerging technologies that are avail-
-
<E( able to manage them.
g 0.67
o
8 References
g 0.4 1. Norgren L, Hiatt WR, Dormandy JA, et al. Inter-So-
B ciety Consensus for the Management of Peripheral
E Arterial Disease (TASC II). Eur | Vasc Endovasc Surg.
0.2 P=.03 (I.Og rank test) 2007;33:51-S75.
2. European Stroke Organisation, Tendera M, Aboyans V,
00 . ; : et al. ESC guidelines on the diagnosis and treatment

0 30 60 90 120 of peripheral artery diseases: document covering
Follow-up period (days) atherosclerotic disease of extracranial carotid and

vertebral, mesenteric, renal, upper and lower ex-

0 days 30 days 60 days 90 days 120 days tremity arteries: the Task Force on the Diagnosis
and Treatment of Peripheral Artery Diseases of the

PS group No. at risk 242 223 205 194 180 K X
European Society of Cardiology (ESC). Eur Heart |.
Rate£SE  100.0£0.0% 97.0%1.1% 94.3£15% 93.4+16% 92.4:+1.8% 2011:32:2851-2906.
Non-PS group No. at risk 242 210 201 187 177

3. Anderson JL, Halperin JL, Albert NM, et al. Manage-
ment of patients with peripheral artery disease
(compilation of 2005 and 2011 ACCF/AHA guideline
recommendations): a report of the American College

RatetSE  1000.0+0.0% 92.4+1.7% 90.2%£2.0% 86.9%2.2% 85.0%2.4%

FIGURE 4. Kaplan-Meier curves for freedom from major adverse limb event (MALE) after endovas- of Cardiology Foundation/American Heart Associ-
cular treatment (with propensity matching) was 92.4% in the plastic surgeon group vs 85.0% in the ation Task Force on Practice Guidelines. Circulation.
non-plastic surgeon group (P=.03). 2013;127:1425-1443.

E6 JOURNAL OF CRITICAL LIMB ISCHEMIA



THE ROLE OF PLASTIC SURGEONS IN WOUND CARE FOR CLTI

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

VOL.2-N?21

Aboyans V, Ricco JB, Bartelink MEL, et al. 2017 ESC guidelines on the diagnosis
and treatment of peripheral arterial diseases, in collaboration with the European
Society for Vascular Surgery (ESVS): document covering atherosclerotic disease
of extracranial carotid and vertebral, mesenteric, renal, upper and lower extremity
arteries. Endorsed by: the European Stroke Organization (ESO), the Task Force for
the Diagnosis and Treatment of Peripheral Arterial Diseases of the European Society
of Cardiology (ESC) and of the European Society for Vascular Surgery (ESVS). Eur
Heart J. 2018;39:763-816.

Bradbury AW, Adam D), Bell }, et al. Bypass versus angioplasty in severe ischaemia
of the leg (BASIL) trial: an intention-to-treat analysis of amputation-free and overall
survival in patients randomized to a bypass surgery-first or a balloon angioplas-
ty-first revascularization strategy. | Vasc Surg. 2010;51:55-17S.

lida O, Nakamura M, Yamauchi Y, et al. Endovascular treatment for infrainguinal
vessels in patients with critical limb ischemia: OLIVE registry, a prospective,
multicenter study in Japan with 12-month follow-up. Circ Cardiovasc Interv.
2013;6:68-76.

lida O, Takahara M, Soga Y, Kodama A, Terashi H, Azuma N; SPINACH Investi-
gators. Three-year outcomes of surgical versus endovascular revascularization
for critical limb ischemia: the SPINACH study (surgical reconstruction versus
peripheral intervention in patients with critical limb ischemia). Circ Cardiovasc
Interv. 2017;10:e005531.

Tomoi Y, Soga, lida O, et al. Efficacy of statin treatment after endovascular ther-
apy for isolated below-the-knee disease in patients with critical limb ischemia.
Cardiovasc Interv Ther. 2013;28:374-382.

Ouriel K. Peripheral arterial disease. Lancet. 2001;358:1257-1264

Soga Y, lida O, Takahara M, et al. Two-year life expectancy in patients with critical
limb ischemia. JACC Cardiovasc Interv. 2014;7:1444-1449.

Chung J, Modrall JG, Ahn C, Lavery LA, Valentine R). Multidisciplinary care improves
amputation-free survival in patients with chronic critical limb ischemia. ] Vasc Surg.
2015;61:162-169.

Rutherford RB, Baker JD, Ernst C, et al. Recommended standards for reports dealing
with lower extremity ischemia: revised version. J Vasc Surg. 1997;26:517-538.

Austin PC. Optimal caliper widths for propensity-score matching when estimating
differences in means and differences in proportions in observational studies. Pharm
Stat. 2011;10:150-161.

Sumpio BE, Armstrong DG, Lavery LA, Andros G; SVS/APMA Writing Group. The
role of interdisciplinary team approach in the management of the diabetic foot: a
joint statement from the Society for Vascular Surgery and the American Podiatric
Medical Association. J Vasc Surg. 2010;51:1504-1506.

Driver VR, Fabbi M, Lavery LA, Gibbons G. The costs of diabetic foot: the economic
case for the limb salvage team. ] Vasc Surg. 2010;52:175-22S. Erratum in: ] Vasc Surg.
2010;52:1751.

Argenta LC, Morykwas M). Vacuum-assisted closure: a new method for wound
control and treatment: clinical experience. Ann Plast Surg. 1997;38:563-577.

Yamada T, Onishi K, Utsunomiya M, Nakamura M. Our treatment strategy for critical
limb ischemia. Int | Vasc Med. 2013;2013:437471.

Galiano RD, Mustoe TA. Wound care. In: Thorne CH (ed). Grabb and Smith’s Plastic
Surgery. 6th ed. Wolters Kluwer, Philadelphia: 2007:23-32.

Dang CN, Boulton AJ. Changing perspectives in diabetic foot ulcer management.
Int | Low Extrem Wounds. 2003;2:4-12.

Barshes NR, Bechara CF, Pisimisis G, Kougias P. Preliminary experiences with early
primary closure of foot wounds after lower extremity revascularization. Ann Vasc
Surg. 2014;28:48-52.

Léndahl M, Katzman P, Nilsson A, Hammarlund C. Hyperbaric oxygen therapy
facilitates healing of chronic foot ulcers in patients with diabetes. Diabetes Care.
2010;33:998-1003.

MARCH 2022

22.

23.

24.

25.

26.

27.

FUJIHARA, ET AL.

De Caridi G, Massara M, Greco M, et al. VAC therapy to promote wound healing
after surgical revascularisation for critical lower limb ischaemia. Int Wound J.
2016;13:336-342.

Jiga LP, Barac S, Taranu G, et al. The versatility of propeller flaps for lower limb
reconstruction in patients with peripheral arterial obstructive disease: initial
experience. Ann Plast Surg. 2010;64:193-197.

Hage J), Woerdeman LA. Lower limb necrosis after use of the anterolateral thigh
free flap: is preoperative angiography indicated? Ann Plast Surg. 2004;52:315-
318.

Ino K, Kiyokawa K, Akaiwa K, Ishida M, Furuyama T, Onohara T. A team approach
to the management of intractable leg ulcers. Ann Vasc Dis. 2013;6:39-45.

Mills JL Sr, Conte MS, Armstrong DG, et al. The Society for Vascular Surgery Lower
Extremity Threatened Limb Classification System: risk stratification based on
wound, ischemia, and foot infection (WIfl). | Vasc Surg. 2014;59:220-234.e342.

Conte MS, Bradbury AW, Kolh P, et al. Global vascular guidelines on the management
of chronic limb-threatening ischemia. | Vasc Surg. 2019;69:35-125S.e40.

From the 'Department of Cardiology, Kishiwada Tokushukai Hospital, Osaka, Japan; *De-
partment of Diabetes Care Medicine, Osaka University Graduate School of Medicine, Osaka,
Japan; Cardiovascular Center, Kansai Rosai Hospital, Amagasaki, Japan; ‘Department of
Cardiology, Kokura Memorial Hospital, Kitakyushu, Japan; *Department of Vascular Surgery,
Matsuyama Red Cross Hospital, Matsuyama, Japan; and the ®Division of Cardiology, Tokyo
Rosai Hospital, Tokyo, Japan.

Disclosure: The authors have completed and returned the ICMJE Form for Disclosure of Potential
Conflicts of Interest. The authors report no conflicts of interest regarding the content herein.

Manuscript accepted November 29, 2021.
Address for correspondence: Masahiko Fujihara, MD, Kishiwada Tokushukai Hospital De-

partment of Cardiology, 4-27-1 Kamori-cho, Kishiwada City Osaka 596-8522, Japan. Email:
masahiko-fujihara@themis.ocn.ne.jp

E7





