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A B S T R A C T

There has been a growing trend toward endovascular intervention to improve peripheral flow in patients with
peripheral arterial disease. To date, there is no clear consensus regarding timing of lower-extremity amputations
after revascularization. The purpose of this study was to evaluate the effects of timing between endovascular inter-
vention andminor lower-extremity amputations and its influence on wound healing and limb loss within 1 year. A
secondary purpose was to evaluate the impact of restoring in-line flow on healing rates. A total of 310 patients
who underwent endovascular intervention and a minor lower-extremity amputation within 90 days were
included in the study. Healing rates were defined as optimal, delayed, or failure. There was a statistically signifi-
cant difference between patients with optimal healing to delayed healing and amputation ≥30 days after endovas-
cular intervention (p = .037). We found no difference in healing rates in regard to amputation timing when
examining patients who ultimately healed versus patients who failed to heal (p = .6717). Absence of in-line flow
(p = .0177), male sex (p = .0090) and diabetes mellitus (p = .0076) were statistically significant factors for failing to
heal. Presence of infection (p ≤ .0001) and wound dehiscence (p ≤ .001) were also associated with a failure to heal.
End-stage renal disease trended toward significance for failing to heal (p = .065). Amputation-free survival at 1
year after endovascular intervention and pedal amputation was 76.8% (n = 238). Our findings suggest that in the
absence of infection, performing minor lower-extremity amputations 15 to 60 days after endovascular interven-
tion may allow for improved healing. Absence of in-line flow, male sex, diabetes mellitus, postoperative infection,
and wound dehiscence are significant factors for failure.
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The prevalence of diabetes mellitus (DM) and peripheral arterial dis-
ease (PAD) continues to rise, and both may lead to increased hospitali-
zation and likelihood of amputation (1−5). Patients with these medical
conditions undergoing foot amputations have increased morbidity and
mortality, as well as a reduced quality of life (6−9). In the presence of a
diabetic foot ulcer (DFU) or diabetic foot infection (DFI), ischemia com-
plicates the ability to heal minor lower-extremity amputations. Thus,
the treatment of PAD in the presence of a DFI or DFU is essential to
improving outcomes.

Often these patients require revascularization before any minor
lower-extremity amputation. Revascularization options include open
bypass and endovascular intervention (stenting or balloon angioplasty).
Bypass has long been the standard of care, but more recently there has
been a paradigm shift toward endovascular intervention (10,11).
Although some studies have examined the relationship between vascu-
lar intervention and timing of amputation, an optimal time interval has
not been elucidated (12−16). Simultaneous amputation and revascular-
ization has been described, and other researchers have recommended
amputation 2 to 4 days after revascularization (14,15). Other studies
have advocated a 1-week delay before amputation to allow for periph-
eral perfusion following revascularization (16). Sheahan et al (12) dem-
onstrated that delaying revascularization after amputation was directly
correlated with a decrease in limb salvage rates at 1 year. Elgzyri et al
(13) examined patients with diabetes and ischemia in the presence of
an ulcer and noted a higher probability of healing if vascular interven-
tion occurred within 8 weeks.

Additionally, no consensus definition exists regarding lower-
extremity in-line flow, which is the concept that is the basis for
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endovascular procedures in the lower extremity. Only 1 study has
directly evaluated single-vessel in-line flow to the foot (17). It showed
that in patients with critical limb ischemia, 1 straight-line flow into the
pedal arch was significant for improving limb salvage rates and ampu-
tation-free survival.

The primary purpose of this study was to evaluate the effects of tim-
ing between endovascular intervention and minor lower-extremity
amputations (digital, partial ray, transmetatarsal) and the role it has on
wound healing and limb loss within 1 year. Our hypothesis was that
patients who underwent amputation <30 days after endovascular
intervention would have the highest rates of optimal healing. Secondar-
ily, we sought to examine the specific impact of restoring in-line flow
on healing rates of these pedal amputations.
Table 1
Descriptive characteristics of patients who underwent lower-extremity amputations after
an endovascular intervention

Healing Status

Characteristic
Total
(N = 310)

Optimal/Delayed
(n = 148)

Failure
(n = 162) p Value

Age (y) 70.3 (10.6)
Sex .0090*

Male 201 (64.8) 85 (57.4) 116 (71.6)
Female 109 (35.2) 63 (42.6) 46 (28.4)

Race/ethnicity .3560
White 148 (47.7) 72 (48.7) 76 (46.9)
Black 67 (21.6) 33 (22.3) 34 (21.0)
Hispanic 51 (16.5) 21 (14.2) 30 (18.5)
Asian 24 (7.7) 15 (10.1) 9 (5.6)
Patients and Methods

Kaiser Permanente Northern California (KPNC) is a large, demographically diverse,
integrated health care delivery system caring for approximately 4.2 million members.
After institutional review board approval, we conducted a retrospective review of the
electronic health records for eligible KPNC patients who had undergone toe, partial ray,
or transmetatarsal amputations (TMAs) and received endovascular intervention within
the KPNC region from January 2008 to December 2014. Only patients who had been
revascularized within 90 days before amputation and who had continuous postoperative
follow-up after amputation were included. All patients included had a diagnosis of PAD
within 90 days before or after pedal amputation. A total of 310 amputations (147 toe, 83
ray, and 80 TMA) met the inclusion criteria. Endovascular intervention was defined as
percutaneous transluminal angioplasty (PTA), stenting, or a combination of the 2 proce-
dures. Patients were excluded if intervention occurred >90 days before pedal amputation,
if they did not have continuous follow up, or if they had open revascularization. The pres-
ence of in-line flow immediately after endovascular intervention was recorded. Because
there is no consistent clinical definition of in-line flow, we defined it as unobstructed
flow to at least 1 pedal vessel of normal or near-normal caliber.

The patient demographic and clinical data were obtained by electronic medical
record review. The demographic variables included age (in years), race/ethnicity, and sex.
The comorbidities included were diabetes mellitus (DM), coronary artery disease, hyper-
tension, end-stage renal disease (ESRD), and smoking status. These diagnoses were iden-
tified using codes from the International Classification of Diseases, Ninth or Tenth Revision.
Perioperative albumin and hemoglobin A1c levels were assessed if available within
90 days before or after amputation. Albumin was recorded as >3.5 or ≤3.5 mg/dL to indi-
cate nutritional status. Hemoglobin A1c was recorded as ≤8.0% or >8.0%. Pedal pulses
were recorded preoperatively as palpable or nonpalpable.

The indications for surgery were ischemia, infection, or both. The surgical procedure
was determined by the extent of infection, adequate soft tissue coverage, and level of dis-
tal vascular perfusion. Postoperative management (suture removal, wound care, antibi-
otic course, and weightbearing status) was determined by the operating surgeon.

The primary outcomes were healing and progression to a more proximal level of
amputation. Healing was divided into 3 categories: optimal, delayed, or failure. Optimal
healing was defined as a healed surgical site with suture removal within 2 to 4 weeks
postoperatively and no wound dehiscence, infection, unanticipated return to the operat-
ing room, or a more proximal amputation (minor or major). Delayed healing was defined
as a surgical site that healed but required local wound care for ≤3 months. Failure was
defined as an amputation that required revision surgery, an unanticipated return to the
operating room, need for open bypass, failure to heal within 90 days, or progression to a
more proximal amputation within 12 months from the index amputation. Complications
recorded were wound dehiscence, infection, unplanned return to the operating room,
need for open bypass, and proximal amputation. Wound dehiscence was defined as
breakdown of the surgical site and failure of the surgical site to heal primarily. Infection
was defined as mild (local erythema requiring oral antibiotics), major (constitutional
symptoms and requiring intravenous antibiotics), or unknown. The secondary outcome
was establishment of in-line flow as previously described. The Kaiser Foundation
Research Institute’s Institutional Review Board approved this study with waiver of
consent.
Multiracial 20 (6.5) 7 (4.7) 13 (8.0)
History of tobacco use 217 (70.0) 109 (73.7) 108 (66.7) .1803
≥1 Cardiovascular comorbidity 228 (73.6) 104 (70.3) 124 (76.5) .2110
Diabetes mellitus 277 (89.4) 125 (84.5) 152 (93.8) .0076*
Coronary artery disease 184 (59.4) 83 (56.1) 101 (62.4) .2620
Cardiovascular disease 89 (28.7) 44 (29.7) 45 (27.8) .7044
Peripheral artery disease 241 (77.7) 116 (78.4) 125 (51.9) .7968
Chronic heart failure 146 (47.1) 66 (44.6) 80 (49.4) .3989
Hypertension 296 (95.5) 142 (96.0) 154 (95.1) .7081
End-stage renal disease 82 (26.5) 32 (21.6) 50 (30.9) .0654

Data are mean (standard deviation) or n (%).
* Statistically significant.
Statistical Analysis

Descriptive statistics were compiled to describe the demographic and clinical charac-
teristics of the cohort. Bivariate analyses were used to compare variables by healing sta-
tus. All variables were categorical, so chi-square and Fisher’s exact tests were used for
comparisons. Kaplan-Meier method was used to compare time between revascularization
and amputation (≤90 days) by healing type. Bivariate and multivariate logistic regressions
were performed to determine which demographic and clinical variables were predictive
of healed/delayed amputation. All analyses were conducted using SAS software version
9.4 (SAS institute, Cary, NC), with the threshold of significance set at p< .05
Results

Of the 310 patients (201 males and 109 females) who had under-
gone amputation after endovascular intervention from January 2008
to December 2014, there were 147 toe amputations, 83 partial ray
amputations, and 80 TMAs. In total, 86 patients (27.7%) had optimal
healing, 62 (20.0%) had delayed healing, and 162 (52.3%) failed to
heal. There were 148 (48.7%) patients that ultimately healed (optimal
or delayed) (Table 1). Male sex was statistically significant (p = .0090)
for failure to heal. Race/ethnicity was not statistically significant. DM
was significant (p = .0076) for failure to heal. Other comorbidities
were not statistically significant. Although not statistically signifi-
cant, patients with ESRD trended toward significance for failure to
heal (p = .065). Comparing optimal versus delayed healing, there
were no differences in the demographics or comorbidities analyzed
(data not shown).

The indications for surgery (infection, ischemia, or both) did not
affect healing outcomes after amputation (Table 2). Perioperative
patient characteristics such as pedal pulses, albumin level, and hemo-
globin A1c did not show statistical significance. However, the level of
amputation did have an impact on healing. There was a significant dif-
ference (p = .0404) in healing versus failure to heal when comparing a
partial ray, TMA, or toe amputation (Table 2). A TMA was the most
likely amputation to fail.

Time to Amputation

Mean time to amputation after endovascular intervention was 27.3
§ 23.8 days (range 0 to 90). There were 191 (61.6%) patients that had
an amputation <30 days after endovascular intervention and 119
(38.4%) ≥30 days after endovascular intervention. There was no statis-
tical significance between patients with optimal/delayed healing to
patients who failed to heal (p = .67) (Table 3). However, comparing
optimal to delayed groups, there was a greater proportion of patients
with optimal healing that had an amputation ≥30 days after endovas-
cular intervention (p = .0373) (Table 4). This trend can also be seen in
the Kaplan-Meier curve (Fig.), in which a greater proportion of optimal



Table 2
Perioperative characteristics of patients who underwent lower extremity amputations
after an endovascular intervention

Healing Status

Characteristic
Total
(N = 310)

Optimal/
Delayed
(n = 48)

Failure
(n = 162) p Value

Indication for Surgery .3882
Infection 12 (3.9) 8 (5.4) 4 (2.5)
Ischemic 161 (51.9) 77 (52.0) 84 (51.9)
Combined 137 (44.2) 63 (42.6) 74 (45.7)

Pedal Pulses .1664
Palpable 11 (3.6) 3 (2.0) 8 (4.9)
Non-palpable 299 (96.5) 145 (98.0) 154 (95.1)

Albumin Level .3736
≤3.5 mg/dL 145 (78.0) 56 (74.7) 89 (80.2)
>3.5 mg/dL 41 (22.0) 19 (25.3) 22 (19.8)

Hemoglobin A1c .7872
≤8.0% 164 (74.9) 69 (75.8) 95 (74.2)
>8.0% 55 (25.1) 22 (24.2) 33 (25.8)

Amputation .0404*
Toe 147 (47.4) 81 (54.7) 66 (40.7)
Ray 83 (26.8) 36 (24.3) 47 (29.0)
Transmetatarsal 80 (25.8) 31 (21.0) 49 (30.3)

Data are n (%).
* Statistically significant.

Table 3
Time from revascularization to amputation between healed (optimal/delayed) and failed
groups

Healing Status

Time from Revascularization
to Amputation

Total
(N = 310)

Optimal/Delayed
(n = 148)

Failure
(n = 162) p Value

<30 days 191 (61.6) 93 (62.8) 98 (60.5) 0.6717
≥30 days 119 (38.4) 55 (37.2) 64 (39.5)

Data are n (%).

Fig. Kaplan-Meier curves demonstrating time from revascularization to amputation,
comparing group with optimal and delayed healing. The curve shows a significantly
higher proportion with optimal healing, specifically between 15 and 60 days of amputa-
tion after revascularization (p = .0314).

Table 4
Time from revascularization to amputation between optimal and delayed healing groups

Healing Status

Time from Revascularization
to Amputation

Total
(n = 148)

Optimal
(n = 86)

Delayed
(n = 62) p Value

<30 days 93 (62.8) 48 (55.8) 45 (72.5)
≥30 days 55 (37.2) 38 (44.2) 17 (27.5) 0.0373*

Data are n (%).
* Statistically significant.

Table 5
Presence of in-line flow after endovascular intervention

Healing Status

In-Line Flow
Present*

Total
(N = 302)

Optimal/Delayed
(n = 144)

Failure
(n = 158) p Value

No 111 (36.8) 43 (29.9) 68 (43.0) 0.0177y

Yes 191 (63.2) 101 (70.1) 90 (57.0)

Data are n (%).
* Missing images for 8 patients.
y Statistically significant.

Table 6
Presence of postoperative infection and complications (N=310)

Healing Status

Item
Total
(N = 310)

Optimal/Delayed
(n = 148)

Failure
(n = 162) p Value

Postoperative Infection <.0001*
Absent 188 (60.7) 124 (83.8) 64 (39.5)
Mild 93 (30.0) 17 (11.5) 76 (46.9)
Major 16 (5.2) 3 (2.0) 13 (8.0)
Undocumented 13 (4.2) 4 (2.7) 9 (5.6)

Complication
Wound dehiscence 150 (48.4) 45 (30.4) 105 (64.8) <.0001*

Data are n (%).
* Statistically significant.
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healing is seen when amputation occurs 15 to 60 days after endovascular
intervention.

In-line Flow

Overall, there were 302 patients whose imaging studies were suffi-
cient to evaluate for the presence or absence of in-line flow to a pedal
vessel. One hundred ninety-one patients (63.2%) had established in-
line flow after endovascular intervention, whereas 111 (36.8%) did not
have in-line flow established (Table 5). Absence of in-line flow was a
statistically significant predictor for failure to heal (p = .0177).

Complications

Regarding postoperative infection, 188 patients did not develop an
infection, 93 patients developed a mild infection, 16 patients developed
a major infection, and 13 patients did not have sufficient
documentation. Development of a postoperative infection was statisti-
cally significant for failure heal (p < .001) (Table 6). There were 150
postoperative wound dehiscences. Wound dehiscence was statistically
significant for failure to heal (p ≤ .0001). There were 110 patients who
failed due to an unplanned return to the operating room, 22 patients
required an open bypass, and 124 patients required an additional
amputation (within the foot or proximal limb). Overall, amputation-
free survival, defined as not requiring either a below-knee or above-
knee amputation, at 1 year after endovascular intervention and pedal
amputation was 76.8% (n = 38).

Discussion

Patients with DM and PAD who have developed a foot ulceration or
infection present a challenge to foot and ankle surgeons and the health
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care system. There is no clear, defined treatment algorithm for vascular
timing and surgical amputation. Most commonly, these patients
undergo open or endovascular revascularization, followed by a minor
lower-extremity amputation. If the initial amputation fails, a revision
amputation is often required. This may be another minor amputation
or, depending on the level of the initial amputation, a major lower-
extremity amputation (below- or above-knee). More recently, there has
been a better understanding of how to treat this problem. However, no
definitive treatment process has been defined (12−18). At our institu-
tion, there has been an increasing trend toward endovascular interven-
tion compared with open bypass. Over the past few decades, multiple
studies have shown an increase in endovascular intervention, and there
has been a simultaneous decrease in vascular bypass surgery (10,11).
Rowe et al (10) noted a 6.6% decrease in bypass surgery yearly over a
10-year period, as well as a 4.8% increase in endovascular intervention
per year. In the same study, it was noted that there was a positive rela-
tionship between endovascular intervention and decreased amputation
rate (10). Goodney et al (11) showed a 3-fold increase in endovascular
procedures and a 42% decrease in bypass surgery. To the authors’
knowledge, this is the first study that specifically evaluates timing of
endovascular intervention, in-line flow, and the success of minor
lower-extremity amputations.

The optimal time for endovascular intervention has not been eluci-
dated. Few studies have been performed regarding timing of vascular
intervention and healing rates of pedal amputations (12−16). In 2005,
Sheahan et al (12) evaluated 670 patients who had minor lower-
extremity amputations and underwent open bypass or endovascular
intervention. They showed that revascularization subsequent to ampu-
tation was directly correlated to a decrease in limb salvage at 1 year.
Over the course of the study, adherence to a protocol proclaiming early
revascularization was embraced, and the number of nonhealing ampu-
tations decreased by 76% (12). In 2014, Elgzyri et al (13) evaluated 478
diabetic patients with ischemic foot ulcers. They found no difference
between angioplasty and open bypass. When examining the time of
revascularization, an intervention within 8 weeks had a higher proba-
bility of healing, and earlier revascularization led to increased healing
without major amputation (13). In our study, all patients underwent
amputation within 90 days after revascularization. Timing was calcu-
lated from the day of revascularization. We ultimately found no differ-
ence between optimal/delayed healing and failure to heal in regard to
timing of endovascular intervention and amputation, although there
was a statistically significant difference between optimal and delayed
healing. Amputations performed after ≥30 days were significant for
optimal healing. We found a window for optimal healing, which was
shown to be between 15 and 60 days after endovascular intervention,
even though the patients with delayed healing did ultimately heal.
These results are consistent with both Sheahan et al (12) and Elgzyri et
al (13). For amputations <15 days and >60 days from revascularization,
there was no significant difference in healing rates. This may be because
early after revascularization, there may be a delay in optimal perfusion
to the distal tissues. This has been discussed by Arroyo et al (15) who
thought waiting ≥3 days after revascularization would allow tissue
reperfusion to be adequate for surgical site healing. This was based on
transcutaneous oximetry (TcPO2) levels, although there were no TcPO2

measurements after the third postoperative day. We did not record
TcPO2 values pre- or postoperatively. Lastly, given the high restenosis
rates at 3 months after intervention, theoretically the greater time
between revascularization and amputation, the greater the likelihood
of diminished flow to the planned surgical site. However, our findings
did not support the idea that a longer time between revascularization
and amputation leads to increased likelihood of failure.

Currently, a void exists regarding the specific impact of restoring
in-line flow to the foot and its relationship to pedal amputation
healing rates. Successful restoration of in-line flow is associated with
ankle-brachial index (ABI) values approaching normal levels and a
decreased incidence of major amputation (19,20). This is in contrast to
patients in whom revascularization is incomplete and postprocedure
ABIs remain consistent with moderate disease (20). Small cohort stud-
ies have shown that restoring in-line flowmay result in successful heal-
ing of amputations and ischemic wounds (19). More recently,
Higashimori et al (17) evaluated patients with critical limb ischemia
who underwent endovascular therapy. It was shown that amputation-
free survival and limb salvage rates were higher in patients who had
established 1 straight-line flow into a patent pedal arch. The authors
concluded that flow into the pedal arch is essential to improve out-
comes (17). Our results showed a statistically significant rate of failure
in patients without establishment of in-line flow after endovascular
intervention when comparing optimal/delayed healing to failure of
healing. In patients who had in-line flow established, there was no dif-
ference when comparing the same groups. These results suggest that in
the absence of in-line flow, there is a greater propensity for failing to
heal an amputation. It is logical to assume that the greater restoration
of in-line flow into the pedal arch, the greater the likelihood of healing.

We found major amputation-free survival to be 77% at 1 year after
revascularization and pedal amputation. This is lower than what Shea-
han et al (12) reported, almost 90% at 1 year, and 82% at 5 years;
however those patients were treated with open bypass surgery. Interest-
ingly, the patients who had revascularization subsequent to amputation
had a limb salvage of 77% at 1 year. This difference may be attributed to
the high restenosis rate with endovascular intervention, as well as the
timing of intervention. Our rate is higher than what Elgzyri et al reported
(13). Although there was no direct recording of amputation-free survival
at 1 year, they reported that 64% of patients with diabetes and an ische-
mic foot ulcer healed without a major amputation. If just patients who
did not die during the study were included, 80% healed without a major
amputation, which is comparable to our study.

There are several limitations of this study. First, the retrospective
nature and lack of randomization of patients can lead to bias. Patients
likely underwent a minor lower-extremity amputation during hospital-
ization following endovascular intervention or clinical urgency, rather
than being selected for a specific time after revascularization. Many of
our patients had an amputation <30 days after endovascular interven-
tion. In most cases, it is more clinically practical to perform endovascu-
lar intervention and amputation during the same admission, but many
factors come into play, such as infection, overall health status, and
patient decision making. Many times, waiting to perform amputation
60 days after endovascular intervention requires multiple admissions
and is not as practical. Our lack of standardized protocol for timing of
amputation could cause bias. Second, postoperative management was
surgeon dependent. There was no universal protocol for treating this
subset of patients. Thus, the treating surgeon determined the need for
revision or a more proximal amputation. Also, in-line flow was assessed
by a single interventional radiologist (G.H.). This may have subjected
the angiographic results to bias. We also do not have data regarding
amputation success and the relationship to number of vessels restored
for in-line flow, although almost every case of in-line flow restoration
was via a single vessel. It may be possible that the greater number of
vessels restored for in-line flow, the more likely to have an optimally
healed amputation. We also did not evaluate the specific angiosome
that was restored in relation to the area requiring perfusion and ampu-
tation. It is possible that patients underwent vascular intervention and
peripheral flow was not established to the angiosome requiring flow.
This would affect clinical success, as patients with improved flow may
ultimately fail without angiosome-specific endovascular intervention.

There are also several strengths of our study, including a large,
diverse, and contemporary study population and our use of relevant
clinical and demographic information from an integrated electronic
medical record. In addition, this is the largest study to date evaluating
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the effects of endovascular revascularization on the outcome of distal
pedal foot amputations. Chart review also allowed us to adjudicate our
electronic records.

In conclusion, the present study contributes to the sparse literature
examining timing of endovascular intervention in relation to minor
lower-extremity amputations. Our findings aid in the understanding of
this challenging topic. In the absence of infection, performing minor
lower-extremity amputations 15 to 60 days after endovascular inter-
vention may allow for the greatest opportunity for optimal healing. We
found no difference in patients who had an amputation <30 or
≥30 days after endovascular intervention when examining patients
that healed versus patients that failed to heal. Failing to establish in-
line flow in this population has a greater propensity for failing to heal
an index amputation. In addition, male sex, diabetes mellitus, postoper-
ative infection, and wound dehiscence are significant factors for failure.
This study contributes to the limited literature regarding timing of
endovascular intervention and minor lower-extremity amputations
and highlights the need for further investigation regarding this chal-
lenging pathology.
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