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Abnormal, persistent inflammation after bypass surgery could prevent healing of
an ischaemic foot lesion. In 37 patients with peripheral arterial disease (PAD)
(Rutherford Grade III Category 5) who underwent infrapopliteal vein graft and
midfoot amputation, plasma levels of fibrinogen, C-reactive protein (CRP),
interleukin-1 (IL-1), interleukin-6 (IL-6), tumour necrosis factor-α (TNF-α), and
matrix metalloproteinase-2 and -9 (MMP-2 and MMP-9) were determined preoper-
atively and during the follow up. Nine patients without clinical and Doppler evi-
dence of arterial disease, who underwent post-traumatic midfoot primary
amputation, were included in the experiment group, and 15 age-matched healthy
volunteers served as control. In patients who had midfoot amputation for trauma,
all wounds healed. Seven (19%) wounds in patients with an occluded graft healed,
and five (13%) required major amputation because of a non-healing wound. Time
required for complete healing of the lesion was similar between trauma and PAD
patients (8 ± 2 months vs 11 ± 6, respectively, P = NS). Univariate analysis dem-
onstrated that, in PAD patients, the postoperative high levels of TNF-α, IL-6, and
MMP-2 and -9 were predictive for wound healing failure at 3, 6, and 9 months
(P < 0.05), respectively. Furthermore, the subgroup of patients who experienced
occlusion of the vein graft during follow up had a significant increase of MMP-2,
-9, IL-6, and TNF-α at 3, 6, and 9 months (P < 0.05), respectively. Monitoring
inflammatory markers allows the determination of patients at risk of healing failure
of midfoot amputation after distal revascularisation and might predict the fate of
the vein graft.
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1 | INTRODUCTION

Wound healing failure after midfoot amputation, performed
simultaneously to distal revascularisation, presents a signifi-
cant problem,1 potentially leading to major amputation,
which significantly increases morbidity and mortality.2

Despite a successful reconstruction, the failure rate of minor
amputations is, in fact, approximately 30% to 45%,3,4 and a
major amputation is required in 25% to 30% of these
cases.5,6

The activation of the inflammatory cascade is the pri-
mary response to injury. The inflammatory reaction is medi-
ated by inflammatory cytokines such as CRP, IL-1, IL-6,
and tumour necrosis factor-α (TNF-α).7,8

The healing process is closely related to the balance
between extracellular matrix (ECM) synthesis and degrada-
tion.9 ECM degradation is mediated by matrix metalloprotei-
nases (MMPs), a family of extracellular endopeptidases.
MMP-2 and -9 play a major role in this process because of
their affinity for collagen type IV and laminin, the key
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components of the basement membrane. MMP expression
can be induced by cytokines, growth factors, stress, or
inflammation. Cytokines such as IL-6 and TNF-α have been
shown to up-regulate MMP in several cell types, including
fibroblasts, endothelial cells, and vascular smooth muscle
cells (VSMCs).10,11

Conceptually, the levels of circulating inflammatory
cytokines could provide an indirect picture of the healing
process of a midfoot amputation. In this clinical setting, the
analysis of circulating inflammatory cytokines could repre-
sent a method to predict and monitor midfoot amputation
healing.12

The aim of this study was to evaluate plasma levels of
fibrinogen, CRP, IL-1, IL-6, TNF-α, and MMP-2 and -9 as
predictors of the wound-healing process and graft patency in
patients undergoing peripheral limb revascularisation fol-
lowed by a midfoot amputation.

2 | MATERIALS AND METHODS

2.1 | Study design

2.1.1 | Study group

A total of 37 patients of both genders affected with PAD
(Rutherford Grade III Category 5)13 and clinical stage 3–4
for risk of limb amputation (Wound Ischemia foot
Infection—WIfI classification),14 who underwent an infrapo-
pliteal vein graft and midfoot amputation between January
2012 and December 2015, were enrolled in the present
study. This research complies with the principles laid down
in the Declaration of Helsinki and was approved by the Insti-
tutional Research Committee. Written informed consent for
the treatment and the analysis of data for scientific purposes
was obtained from all patients.

2.1.2 | Control groups

Nine patients, free from peripheral arterial disease, who
underwent post-traumatic midfoot primary amputation at the
time of admission were used as controls. Foot injuries
occurred as part of an isolated trauma. In these cases, the
decision for primary amputation was made by a multidisci-
plinary team of vascular, orthopaedic, and plastic surgeons.
Criteria for primary amputation included ischaemia lasting
more than 6 hours and/or bony or soft tissue defects deemed
untreatable. The patients were consecutively selected from
the Trauma Registry of our institution from January 2012 to
December 2015.

Fifteen age-matched healthy volunteers (mean age,
65 ± 6 years; median age, 66 years; age range,
52–75 years) without atherosclerotic lesions (excluded by
carotid and aortic ultrasonography and ankle brachial index
measurements) and normal LDL-cholesterol level were
enrolled as a reference for biological parameters.

Exclusion criteria were the presence of chronic venous
insufficiency; arterial aneurysms; insulin-dependent or
-independent diabetes; acute ischaemia; connective tissue
disorders, including rheumatoid arthritis, blood disorders,
and use of medications impairing wound healing (ie, cyto-
toxic antineoplastic, immunosuppressive agents, and cortico-
steroids); and kidney disease.

2.2 | Collection of baseline data

Demographic data, including age, gender, risk factors, and
associated diseases, were collected. The risk factors included
active tobacco use, cardiac disease (prior myocardial infarc-
tion, stable or unstable angina, or ST segment alteration on
electrocardiogram), hypertension (diastolic blood pressure,
≥85 mm Hg), renal disease (blood urea nitrogen,
>7.1 mmol/L; creatinine level, >266 μmol/L; creatinine
clearance, <50 mL/min), pulmonary disease (PO2, <60 mm
Hg; PCO2, > 50 mm Hg; pulmonary function tests, <80% of
predicted), total cholesterol level ≥5 mmol/L, low-density
lipoprotein level ≥4 mmol/L, high-density lipoprotein level
≤1 mmol/L, and non-fasting triglyceride level
≥1.7 mmol/L. Associated diseases were represented by obe-
sity (body mass index, BMI—kg/m2 >20% of ideal) and an
alteration in the coagulation assay. Diagnostic investigations
consisting of B-mode ultrasonography and colour imaging
and computed tomography angiography (CTA), inflow and
run-off status, surgical procedural details, minor and major
complications, length of stay, and early- and mid-term out-
comes were recorded.

2.3 | Operative procedures and clinical follow up

The Physical Status Classification System proposed by the
American Society of Anesthesiologists (ASA)15 was used to
determine the surgical risk. All patients belonged to classes
II to IV.
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2.3.1 | Study group

The surgical treatment was planned after evaluating the CTA
images. A reversed autogenous vein graft was performed
using standard techniques. An autogenous conduit always
includes the great saphenous vein. The inflow site included
the common femoral artery; distal anastomoses were per-
formed on the tibial vessels. All reconstructions were tun-
nelled in an anatomical position. Vein graft flow
disturbances or intrinsic vein disease were studied at the end
of the procedure with angiography. Vein grafts were prefer-
entially performed to revascularise the ischaemic angio-
some.16 The necrotic midfoot was amputated
(transmetatarsal, Lisfranc, or Chopart amputations) 3 days
after revascularisation. No attempts of direct closure were
made because it was impossible to safely use the plantar flap
to cover the wound. A broad-spectrum short course
(2-4 days) i.v. antibiotic therapy was started. Negative pres-
sure wound therapy (NPWT) with vacuum-assisted closure
(VAC Therapy System) (KCI Medical S.r.l. via Meucci,
1 Assago—MI, 20090) was used to accelerate wound heal-
ing and to prevent infection during in-hospital stay and was
continued on a domiciliary basis. When the NPWT was
discontinued, the wounds were medicated until complete
healing with standard, comprehensive care, including wound
off-loading, local wound debridement, and wound moisture
balance with appropriate dressings.

Postoperatively, acetylsalicylic acid 100 mg/day and
statin 10 or 20 mg/day were prescribed to all patients not
already on these medications. Follow up consisted of physi-
cal examination, ankle brachial index (ABI) measurement,
and B-mode ultrasonography and colour imaging every
4 months. B-mode ultrasonography and colour imaging and
CTA were used to eventually confirm a suspicion of graft
occlusion.

2.3.2 | Control group

The patients who underwent a post-traumatic foot amputa-
tion had complex tissue defects defined as loss of skin and
subcutaneous tissues, resulting in tendon and bones expo-
sure. Wounds were primarily debrided to ensure the removal
of all contaminated, devitalised tissue and exposed, not cov-
erable bone segments, sparing the maximum of the viable
tissue. A broad-spectrum short course (2 to 4 days)
i.v. antibiotic therapy was started. Once control of the bleed-
ing was achieved, the patients were managed for 2 to 3 days
with parenteral antibiotics and gauze dressing, and thereaf-
ter, the VAC was applied. Once the NPWT was discontin-
ued, the wounds were medicated until complete healing
using the above-described protocol.

2.4 | Laboratory measurements

Plasma and blood samples were collected on the morning of
reconstructive arterial surgery and every 3 months thereafter
through a direct venipuncture on an antecubital vein of the

arm until complete healing of the wound or recurrence of
ischaemic symptoms in patients affected with PAD. The
samples were collected into tubes containing K2-EDTA
(Terumo Europe NV, Leuven, Belgium) or sodium citrate
(BD-Plymouth, UK) and immediately transported to our lab-
oratory under controlled conditions of temperature and
humidity. To evaluate fibrinogen level, the blood sample
was centrifuged at 15 000 rpm for 10 minutes to separate
plasma. Centrifugations were carried out at room tempera-
ture, and samples were analysed immediately using the BCS
XP analyser (Siemens Healthcare Diagnostics, Tarrytown
NY) with Siemens reagent. After centrifugation of the sam-
pled blood at 3000 rpm for 10 minutes, the serum levels of
IL-1 and IL-6 were measured with human IL-1 and IL-6
Quantikine ELISA kits (R&D Systems, Inc., Minneapolis,
MN). The concentration of plasma TNF-α was determined
by human TNF-α Quantikine ELISA kits (R&D Systems).
Measurements of MMP-2 and -9 were obtained using Quan-
tikine ELISA kits (R&D Systems) according to the manufac-
turer's manual. The mean intra- and inter-assay coefficients
of variation for MMP-2 estimation were <6% and <10% for
all cases, respectively. The mean intra- and inter-assay coef-
ficients of variation for MMP-9 estimation were <3% and
<8% for all cases, respectively. The samples collected in
tubes containing Lithium Heparin (BD-Plymouth) were used
to evaluate CRP level. The level of high-sensitivity CRP
was analysed by particle-enhanced immunoturbidimetric
methods on COBAS 6000 (Roche Diagnostics, Basel, Swit-
zerland). The limit of detection was 1 mg/L, with a working
range extending to 250 mg/L. There was no interference
from bilirubin, haemoglobin, triglycerides, and rheumatoid
factor up to high concentrations.

2.5 | Wound healing

Briefly, wound healing was assessed through direct ulcer
tracing onto a clear plastic sheet and subsequent compu-
terised planimetry.17 Healing was calculated by subtracting
the final ulcer area (FUA), expressed in centimetres, from
the initial ulcer area (IUA), expressed in centimetres, and
dividing by the number of follow-up months to obtain the
total area healed per month (cm2/month).

2.6 | Statistical analysis

Analysis of our data has been carried out using a computer
software program (SPSS Ver. 25.0.0.1; SPSS Chicago, IL
for macOS High Sierra ver. 10.13.4, Apple Inc. 1983–2018
Cupertino, CA). All results are expressed as the mean ± SD.
Because of sample sizes, non-parametric tests were applied.
The Mann–Whitney U test or the Kruskal-Wallis H test
(one-way ANOVA), followed by the Bonferroni post-hoc test
calculated by dividing the P value (0.05) by the number of
paired comparisons made, was used to analyse continuous
variables. The Chi-square test or Fisher's exact test was used
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to study categorical variables. Survival, primary patency,
and limb salvage rates were assessed using the Kaplan–
Meier method. SE of survival, primary patency, and limb
salvage rates were estimated at each censored case. Patency
and limb salvage rates were calculated based on the number
of limbs at risk and survival rates of the number of patients.
Differences with an α-level of <0.05 were considered statis-
tically significant.

3 | RESULTS

3.1 | Patients overview

Table 1 describes the demographics and preoperative clinical
characteristics of patients affected with PAD and those
affected with isolated foot trauma. Overall, 32 (69%) patients
were considered to be at high surgical risk, and 14 (31%)
had a moderate or low operative risk according to ASA clas-
sification. Loco regional spinal anaesthesia was used in all
patients. No adverse effects related to systemic heparinisa-
tion administration when required were recorded.

A reversed autologous saphenous vein graft was con-
structed, with the proximal anastomosis on the common
femoral artery and the distal anastomosis on the anterior tib-
ial artery in 11 (30%) cases, on the posterior tibial artery in
17 (46%) cases, and on the peroneal artery in 9 (24%) cases.
The overall length of stay was 10 ± 3 days (median 9 days;
range min. 6-max. 18 days).

3.2 | Early outcomes

No early technical failures or major complications were
recorded in PAD patients. Minor complications consisted of
lymphorrhea at the level of the groin in two cases. These
complications spontaneously resolved. No major or minor
complications were recorded in the group of patients with
isolated foot trauma.

3.3 | Midterm outcomes

No patients were lost at follow up (mean 22 ± 13 months;
range min. 6-max. 48 months; median 19.5 months).

During follow up of PAD patients, three (8%) patients
died (two myocardial infarctions and one stroke) at 10, 11,
and 11 months. One-year survival rate was 92%
(SE = 0.04). One-year primary patency rate was 65%
(SE = 0.08). We observed 12 graft occlusions because of
thrombosis (at 7, 8, 8, 9, 9, 10, 11, 11, 11, 11, 12, and
12 months). Five graft occlusions required a major
amputation (two above knee and three below knee) because
of non-healing wounds of previous foot amputations. The
limb salvage rate at 1 year was 84% (SE = 0.06).

No patient affected with foot trauma died or underwent
an above- or below-knee amputation during the follow up.

3.4 | Wound healing

Mean wound diameter was 21 ± 5 cm2 (range min. 13-max.
378 cm2; median 18 cm2). There were no significant differ-
ences in wound size between PAD and trauma patients
(P = NS), and the type of midfoot amputation had no influ-
ence (P = NS) on the healing process.

3.5 | Healing process in PAD patients

Twenty-five (68%) wounds in patients with a patent graft
healed in 9 ± 3 months (min. 4-max. 14 months; median
9 months). Seven (19%) wounds in patients with an
occluded graft also healed in 16 ± 10 months (min. 8-max.
36 months; median 14 months), whereas five (13%) wounds
did not heal, and a major amputation was required
(P = NS). The wound-healing process was not influenced
by the direct angiosome revascularisation (P = NS).

3.6 | Healing process in trauma patients

All wounds healed in 8 ± 2 months (min. 7-max.
12 months; median 8 months). Table 2 summarises the heal-
ing process of PAD and trauma groups.

TABLE 1 Patients' demographics, preoperative characteristics, and
mechanism of trauma

PAD
patients

Trauma
patients

Gender (male/female) 31/6 8/1

Age (year ± SD) 70 ± 7 38 ± 12

Active tobacco use 23 (62%) 2 (22%)

Cardiac disease 12 (32%) -

Hypertension 31 (4%) 1 (11%)

Renal disease 4 (11%) -

Pulmonary disease 2 (5%) -

Total cholesterol (mmol/L ± SD) 5 ± 1 -

Low-density lipoprotein (mmol/L
± SD)

4 ± 1 -

High-density lipoprotein (mmol/L
± SD)

1 ± 2 -

Non-fasting triglyceride (mmol/L
± SD)

4 ± 1 -

Obesity 2 (5%)

Preoperative ABI (mm Hg ± SD) 0.4 ± 0.1 1 ± 0

Vessel run-off (1/2) 28/9 -

Clinical stage 3-4 (WIfI classification) 16/21 -

ASA II 7 (19%) 7 (78%)

ASA III 21 (57%) 2 (22%)

ASA IV 9 (24%) -

Mechanism of trauma -

Heavy goods vehicle NA 4 (44%)

Motor vehicle run over foot NA 2 (22%)

Crushed with iron plate NA 3 (33%)

Abbreviations: ABI, Ankle Brachial Index; ASA, American Society of Anesthe-
siologists, NA, not applicable; PAD, peripheral arterial disease.
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3.7 | Inflammatory markers variation

Briefly, baseline values of IL-1 (12 ± 3 pg/mL;
12 ± 3 pg/mL), IL-6 (11 ± 2 pg/mL; 10 ± 2 pg/mL), TNF-
α (9 ± 2 pg/mL; 9 ± 2 pg/mL), CRP (12 186 ± 2610 μg/L;
11 560 ± 1249 μg/L), fibrinogen (9 ± 1 g/L; 10 ± 1 g/L),
MMP-2 (436 ± 92 ng/mL; 440 ± 91 ng/mL), and MMP-9
(75 ± 10 ng/mL; 75 ± 12 ng/mL) between PAD and trauma
patients were similar but significantly higher when compared
with controls (1 ± 1 pg/mL; 2 ± 1 pg/mL; 1 ± 1 pg/mL;
1815 ± 484 μg/L; 2 ± 1 g/L; 176 ± 12 ng/mL; and
58 ± 30 ng/mL, respectively) (P < 0.0001, respectively). At
3, 6, and 9 months, we observed a significantly different
release of IL-6 (3 months: 14 ± 5 pg/mL; 10 ± 2 pg/mL;
6 months: 14 ± 5 pg/mL; 9 ± 2 pg/mL, and 9 months:
14 ± 6 pg/mL; 8 ± 1 pg/mL), TNF-α (3 months:
12 ± 5 pg/mL; 8 ± 2 pg/mL; 6 months: 12 ± 6 pg/mL;
7 ± 2 pg/mL, and 9 months: 13 ± 6 pg/mL; 6 ± 1 pg/mL),
MMP-2 (3 months: 609 ± 270 ng/mL; 387 ± 52 ng/mL;
6 months: 622 ± 310 ng/mL; 368 ± 53 ng/mL, and
9 months: 673 ± 387 ng/mL; 262 ± 70 ng/mL), and MMP-
9 (3 months: 89 ± 23 ng/mL; 73 ± 11 ng/mL; 6 months:
88 ± 22 ng/mL; 72 ± 11 ng/mL, and 9 months:
99 ± 35 ng/mL; 59 ± 16 ng/mL) between PAD and trauma
patients (3 months: P < 0.05; P < 0.04; P < 0.02;
P < 0.04; 6 months: P < 0.01; P < 0.01 P < 0.02; P <
0.04; 9 months: P < 0.04; P < 0.04; P < 0.05; P < 0.03;
respectively). All values are reported in Table 3.

In the subgroup of patients affected with PAD, we fur-
ther analysed the inflammatory markers variation in those
who experienced an occluded vein graft. A statistically sig-
nificant increase of MMP-2 and -9, IL-6, and TNF-α in PAD
patients with an occluded graft, at 3, 6, and 9 months,
respectively, was noted (Figure 1).

4 | DISCUSSION

In the present study, we have monitored the changes in the
concentration of several inflammatory markers to investigate
the process of foot amputation healing in trauma and in PAD
patients submitted to peripheral bypass graft treated in accor-
dance with ESVS guidelines.14 The wound-healing process
is accompanied by the release of constitutively available
molecules and by the activation of tissue-resident macro-
phages, recruitment of neutrophils, and circulating mono-
cytes.18 The inflammatory infiltrate mediates further
leucocyte recruitment in a paracrine fashion and mobilises
mesenchymal stromal and endothelial cells by synthesis and
release of the pro-inflammatory cytokines, particularly TNF-
α, IL-1, and IL-6.19 TNF-α and IL-1β up-regulate MMP
expression,20 suggesting that persistent inflammation may
have deleterious consequences for the tissues.21 MMPs
remodel the ECM and are inflammatory modulators impli-
cated in a wide range of cell signalling processes of both the
innate and the adaptive immunity.22 MMPs are known to
influence cutaneous wound healing23; MMP-2 and -9
expression is increased in chronic wounds.21,24

The panel of biochemical tests we chose to study as
markers is easily assessable and routinely applicable and,
theoretically, might give predictive information on wound
healing after midfoot amputation and on the fate of periph-
eral arterial reconstructions.

Currently, there are some clinical data to support ele-
vated C-RP as a useful preoperative marker in risk stratifica-
tion for postoperative amputation in patients undergoing an
infrapopliteal revascularisation procedure, whereas fibrino-
gen is only associated with the severity of PAD at presenta-
tion and has no role in predicting the outcome of the
reconstructions.25,26 Our study is the first to assess a variety
of inflammatory markers to predict wound healing and, ulti-
mately, the fate of an infrapopliteal reconstruction. In our
study, while the preoperative plasma levels of trauma and
PAD patients were similar, a different inflammatory
response occurred during follow up. Complex foot trauma
patients had a significantly lower plasma level of the inflam-
matory markers because of the different pathology of the
amputation. During follow up, PAD patients affected with a
non-healing wound showed a statistically significant stable
rise of TNF-α, IL-6, MMP-2, and MMP-9 when compared
with patients with a healing wound. Conversely, the remain-
ing markers steadily decreased in both groups during the fol-
low up; therefore, their utility in predicting wound healing
was limited. It is important to consider that even though the
risk of ongoing wound infection, the need for tissue debride-
ment, or osteomyelitis are theoretically similar between
trauma and PAD patients, their concurrent role in the plasma
level elevation of these molecules might mitigate their
specificity.

TABLE 2 Healing process after midfoot amputation

PAD patients
Foot trauma
patients Significance

3-month wounds
at risk

37 9

Wound-healing
process

1.8 ± 0.6 cm2/
month

2.0 ± 0.5 cm2/
month

0.446

6-month wounds
at risk

36 9

Wound-healing
process

2.1 ± 0.6 cm2/
month

2.4 ± 0.6 cm2/
month

0.191

9-month wounds
at risk

23 4

Wound-healing
process

1.5 ± 0.7 cm2/
month

1.6 ± 0.4 cm2/
month

589

12-month wounds
at risk

8 1

Wound-healing
process

1.4 ± 0.3 cm2/
month

1 ± 0.0 cm2/
month

-

Abbreviation: PAD, peripheral arterial disease.

720 SAPIENZA ET AL.



Interestingly, the preoperative plasma level of the inflam-
matory markers was not predictive of graft patency, but during
follow up, a stable increase of TNF-α, IL-6, and MMP-2 and
-9 also predicted graft occlusion in the absence of clinical or
instrumental evidence of impending failure: in all patients with
persistent increased levels of TNF-α, IL-6, MMP-2, and
MMP-9, the graft occluded. We should state that the predict-
able risk factors for vein graft failure, such as the run-off status,
the quality and size of the vein, and the surveillance of resteno-
sis with non-invasive imaging investigation, are extremely

important, and our results do not overtake their role. However,
the importance of our molecular markers is based on the lack
of a significant association between vein graft failure and the
traditional Framingham-based risk factors. As for the role of
inflammatory markers in predicting graft patency, it is difficult
to draw meaningful conclusions based on current literature
data27,28 as many studies have short follow up, have mea-
sured the markers after graft occlusion, or did not reach sig-
nificance. Ensuing inflammatory response in the vascular
wall following vein grafts as a marker of graft patency is a

TABLE 3 Cytokines, extracellular endopeptidases, and acute phase reactants baseline and 3-, 6-, 9-, and 12-month values

PAD patients Trauma patients Control subjects

Baseline (number of patients) (37) (9) (15)

IL-1 (pg/mL) 12 ± 3 12 ± 3 1 ± 1

IL-6 (pg/mL) 11 ± 2 10 ± 2 2 ± 1

TNF-α (pg/mL) 9 ± 2 9 ± 2 1 ± 1

CRP (μg/L) 12 186 ± 2610 11 560 ± 1249 1815 ± 484

Fibrinogen (g/L) 9 ± 1 10 ± 1 2 ± 1

MMP-2 (ng/mL) 436 ± 92 440 ± 91 176 ± 12

MMP-9 (ng/mL) 75 ± 10 75 ± 12 58 ± 30

3 months (number of patients) (37) (9)

IL-1 (pg/mL) 11 ± 3 12 ± 3

IL-6 (pg/mL) 14 ± 5 10 ± 2

TNF-α (pg/mL) 12 ± 5 8 ± 2

CRP (μg/L) 14 942 ± 16 333 11 560 ± 1249

Fibrinogen (g/L) 9 ± 1 10 ± 1

MMP-2 (ng/mL) 609 ± 270 387 ± 52

MMP-9 (ng/mL) 89 ± 23 73 ± 11

6 months (number of patients) (36) (9)

IL-1 (pg/mL) 11 ± 3 10 ± 2

IL-6 (pg/mL) 14 ± 5 9 ± 2

TNF-α (pg/mL) 12 ± 6 7 ± 2

CRP (μg/L) 12 209 ± 2639 10 179 ± 1029

Fibrinogen (g/L) 9 ± 1 9 ± 1

MMP-2 (ng/mL) 622 ± 310 368 ± 53

MMP-9 (ng/mL) 88 ± 22 72 ± 11

9 months (number of patients) (23) (4)

IL-1 (pg/mL) 11 ± 3 10 ± 2

IL-6 (pg/mL) 14 ± 6 8 ± 1

TNF-α (pg/mL) 13 ± 6 6 ± 1

CRP (μg/L) 12 318 ± 2520 9773 ± 1019

Fibrinogen (g/L) 9 ± 2 8 ± 1

MMP-2 (ng/mL) 673 ± 387 262 ± 70

MMP-9 (ng/mL) 99 ± 35 59 ± 16

12 months (number of patients) (8) (1)

IL-1 (pg/mL) 10 ± 4 7

IL-6 (pg/mL) 12 ± 6 9

TNF-α (pg/mL) 10 ± 4 8

CRP (μg/L) 10 110 ± 1407 8800

Fibrinogen (g/L) 9 ± 2 7

MMP-2 (ng/mL) 517 ± 333 378 3

MMP-9 (ng/mL) 88 ± 36 65

Abbreviations: CRP, C-reactive protein; IL-1, interleukin-1; IL-6, interleukin-6; MMP-2 and MMP-9, matrix metalloproteinase-2 and -9; PAD, peripheral arterial dis-
ease; TNF-α, tumour necrosis factor-α.
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seductive perspective. Mechanisms that are the basis of this
response should be clarified. However, changes in the con-
centration of MMPs have been previously assessed in
patients undergoing revascularisation of arterial districts other
than peripheral limb, such as coronary arteries29 or carotid
vessels.30 An increase in tissue inflammatory cytokines
(TNF-α and IL-6) after rabbit common carotid artery injury
suggesting their mutual role in promoting the restenotic pro-
cess has been reported,31 and an increase of IL-6 in resteno-
tic plaques of patients affected with PAD has been also
described.32

We left all foot amputations open because of the
extremely complex foot trauma and advanced arterial dis-
ease. It is possible that NPWT may have exerted a beneficial
effect in the healing process in this clinically difficult
setting.33–36 Plantar flap primary closure is attempted when
a rich arterial network from the plantar arteries is present,17

and the wound can be closed without skin tension.37

We are aware that our study has some limitations: the small
sample size; the retrospective design of the study; and measur-
ing soluble molecules in peripheral venous samples but not at
the level of amputation or reconstruction. Thus, we assumed that

FIGURE 1 Extracellular endopeptidases (Panel A) and cytokines (Panel B) variations at 3-, 6- and 9-month in PAD patients with patent or occluded vein
grafts (*P < 0.0001; **P < 0.0001; ***P < 0.0001; ****P < 0.0001; *****P < 0.0001; ******P < 0.0001; �P < 0.0001; ��P < 0.0001; ���P < 0.0001;
����P < 0.0001; �����P < 0.0001; ������P < 0.0001)
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the concentration of soluble forms reflects the inflammation pro-
cess within the amputation site or the graft. Despite the above-
mentioned limitations, present data are encouraging, and their
applicability to clinical practice might be extremely helpful.

In conclusion, we recommend monitoring the healing
process in PAD patients who underwent peripheral revascu-
larisation and minor amputation with our panel of plasma
biomarkers. We are confident that these markers reflect a
local inflammatory status able to determine a systemic
plasma increase and to predict wound healing after midfoot
amputation and the fate of the vein graft.
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