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Skin Perfusion Pressure is a Useful Tool for Evaluating
Outcome of Ischemic Foot Ulcers with Conservative Therapy

Go Urabe, MD,' Kota Yamamoto, MD,' Atsuko Onozuka, CMT,’ Tetsuro Miyata, MD,'
and Hirokazu Nagawa, MD'

Objectives: This study intended to confirm whether skin perfusion pressure (SPP) could predict the out-
come of ischemic wound healing.

Patients and methods: Sixty-two limbs in 53 patients with conservative therapy were enrolled in this study.
A SPP value of 40 mmHg was adopted as the criterion for making clinical decisions. The outcome one
month after SPP measurement was classified as “improved” (diameter of ulcer decreased > 20% or demar-
cation of gangrene became well defined) or “no change or worse” (others), and the fate of wound was clas-
sified as ‘‘healed” or ‘‘not healed”. The evaluated influential factors on the outcome at one month included
age, sex, presence of arteriosclerosis obliterans, collagen disease, hypertension, diabetes mellitus, hemodial-
ysis, wound infection, wound management, and SPP > 40 mmHg.

Results: Using a criterion of SPP > 40 mmHg, the outcome at one month could be predicted with a sensitiv-
ity: of 75.0%, a specificity: of 82.6%, and an accuracy: of 80.6%. The receiver operating characteristic curve
indicated our criterion to be appropriate. Logistic regression analysis showed SPP > 40 mmHg to be an in-
dependent factor (P < 0.0001) with the odds ratio of 14.2 (95% CI 3.6-55.8).

Conclusions: SPP, using a cutoff value of 40 mmHg, can predict the ischemic wound healing with conser-

vative therapy.

INTRODUCTION

mong several factors influence wound healing,
blood flow to the skin plays an important role. Over
the past decades, skin perfusion pressure (SPP) measure-
ment has been recognized as an accurate noninvasive test
for evaluating blood flow to impaired tissue. SPP can ac-
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curately predict wound healing of ulcers and the need for
amputation, and is not affected by calcified arteries. So,
SPP can be measured anywhere on the limb where viable
tissue is present.” Measurement can also be performed
in limbs that have had prior amputation.

Since 2000, we have used SPP in deciding the thera-
peutic strategy for foot ulcers. Although there are some
reports that an SPP value of 30 mmHg is a suitable crite-
rion for making clinical decisions on therapy, we have ad-
opted an SPP value of 40 mmHg because of its safety
margin. As a general rule, patients with SPP > 40 mmHg
were followed up with conservative therapy, and patients
with SPP < 40 mmHg underwent revascularization if it
was possible. If a patient with necrosis or gangrene were
to have a minor amputation, we chose the amputation lev-
el where SPP was > 40 mmHg. The objective of this study
is to confirm whether SPP can predict the outcome of
wound healing in patients with a foot ulcer or gangrene.
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Fig.1 SPP was measured in 122 limbs with a foot ulcer or gangrene. Therapy, consisting of
conservative therapy, revascularization, or amputation, was chosen within one month

of the measurement.

PATIENTS AND METHODS

From January 2003 to December 2007, SPP was mea-
sured in 122 limbs in 109 consecutive patients with a
chronic foot ulcer or gangrene who consulted a vascular
surgeon at The University of Tokyo Hospital. SPP of all
limbs was measured by vascular technologists at the Vas-
cular Laboratory of The University of Tokyo Hospital.
We excluded patients with acute limb ischemia, blue toe
syndrome, and diabetic foot ulcers or gangrenes. More-
over, those patients with a follow-up period of less than a
month were excluded.

SPP was > 40 mmHg in 27 limbs. Twenty of these
limbs were followed-up with conservative therapy, three
underwent revascularization, and four underwent prima-
ry amputation. On the other hand, SPP was < 40 mmHg
in 95 limbs. Forty two of these limbs were followed-up
with conservative therapy, 38 underwent revasculariza-
tion, and 15 underwent primary amputation (Fig. 1). Al-
though we make it a rule to treat limbs with SPP < 40
mmHg by revascularization or amputation, 42 limbs with
SPP < 40 mmHg were treated by conservative therapy
because of the patient’s poor general condition including
poor cardiac function in 24 limbs, the patient’s refusal to
undergo operation in seven, mild symptoms in six, and
inability to revascularize the limb for anatomical reasons
in five. As a consequence, we enrolled on 62 limbs (20
limbs with SPP > 40 mmHg and 42 limbs with SPP < 40
mmHg) in 53 patients who were followed-up with con-
servative therapy in this study.

We used a laser Doppler scanner LASERDOPP
PV2000 (Vasamedics, St. Paul, Minn.) to measure SPP.
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The details of SPP measurement are described else-
where."*” In this study, we adopted the SPP value mea-
sured just proximal to the ulcer or gangrene.

We examined the outcome at one month after SPP
measurement to assess the tendency for wound healing
and the fate of wound during the follow-up period. The
outcome at one month was classified as “improved” (di-
ameter of ulcer [square root of the product of major axis
and minor axis] decreased more than 20% or demarca-
tion of gangrene became well defined) or “no change or
worse” (others) by each vascular surgeon, and the fate of
wound was classified as “healed” or “not healed” (residu-
al ulcers, worse, or therapeutic shift to revascularlization
and/or amputation).

The influence of factors on the outcome was exam-
ined. The factors consisted of age, sex, presence of ASO,
collagen disease, hypertension, diabetes mellitus, hemo-
dialysis for chronic renal failure, wound infection, loca-
tion of the wound, treatment of the wound (use of anti-
platelet drugs, prostaglandins, and bFGF), and SPP as a
parameter of local blood perfusion. Infection was defined
as the presence of erythema, pain, edema, heat, exudate,
foul odor, cellulitis, or wound breakdown. The location
of the wound was classified as “toes” and “others” (dorsal
foot, plantar sole, heel, and leg). We excluded smoking as
a factor because the patients’ accounts were not reliable.

For statistical analysis, Fisher’s exact test was per-
formed for categorical factors and Wilcoxon’s test was
performed for continuous factors to determine the rela-
tionship between the outcome and risk factors. Factors
with a P value less than 0.2 by univariate analysis were
entered into logistic regression analysis and odds ratios
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Table 1 Patients’ background (total 62 limbs in 53 patients)

Spp Spp

Total >40 mmHg <40 mmHg P value

Age (mean + SD) 64.8 £149 59.0+ 154 68.8 + 13.5 0.02
Sex: Male (%) 34 (64%) 11 (61%) 23 (66%) 0.77
Hypertension 40 (75%) 12 (67%) 28 (80%) 0.33
Diabetes mellitus 32 (60%) 10 (56%) 22 (42%) 0.77
Hemodialysis 18 (34%) 6 (33%) 12 (34%) 1.0
Diagnosis

ASOx* 37 (70%) 11 26

Collagen disease 11 (21%) 5

TAO:x* 5 (9%) 2 3

#ASQ: arteriosclerosis obliterans
#+TAQ: thromboangiitis obliterans

Table 2 Difference of the use of three drugs in two groups using criterion of SPP

of 40 mmHg
SPP > 40 mmHg SPP < 40 mmHg
Drugs (n = 20) (n = 42) P value
Anti-platelet drugs 16 (80%) 30 (71%) 0.55
Prostaglandins 8 (40%) 20 (48%) 0.60
bFGFx* 12 (60%) 19 (45%) 0.42

xbasic fibroblast growth factor

were calculated. Statistical analyses were performed us-
ing JMP 7.0.1 software (SAS Institute Inc., Cary, NC).

RESULTS

The median follow-up period was 182 days (inter-
quartile range 65 to 584 days). There were 19 women and
34 men with a mean age of 64.8 years (21 to 84 years).
The causes of foot lesions were arteriosclerosis obliterans
(ASO) in 37 patients (70%), collagen disease in 11 patients
(21%), and thromboangiitis obliterans (TAO) in five pa-
tients (9%) (Table 1). Forty patients (75%) had hyperten-
sion, 32 patients (60%) had diabetes, and 18 patients (34%)
were receiving hemodialysis. Forty three limbs (69%)
had wounds only on toes and 19 limbs (31%) had them on
proximal site from toe. For conservative therapy, 40 pa-
tients with 46 affected limbs (75%) were administered
anti-platelet drugs and 27 patients with 28 affected limbs
(51%) were administered prostaglandins {24 patients with
25 affected limbs (45%) were administered both of them}.
Furthermore, 28 patients with 31 affected limbs (53%)
underwent local application of basic fibroblast growth
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factor (bFGF) to ulcers to promote healing (Table 2).
There was no significant difference in use of each agent
between two groups divided by SPP value of 40 mmHg.

Of 20 limbs with SPP > 40 mmHg, the outcome at
one month of 12 limbs was “improved” and eight limbs
showed “no change or worse”. Of 42 limbs with SPP < 40
mmHg, the outcome of only four limbs was “improved”
and 38 limbs showed “no change or worse”. In total, the
outcome of 16 limbs was “improved” and 46 limbs
showed “no change or worse” (Table 3). The mean SPP
value in each group was 50.0 + 22.8 mmHg and 279 +
170 mmHg, respectively, and the difference was signifi-
cant (P < 0.0001). The expectancy of SPP > 40 mmHg to
predict the outcome of limbs at one month was; sensitivi-
ty: 75.0% (12/16), specificity: 82.6% (38/46), accuracy:
80.6% (50/62). The receiver operating characteristic
(ROC) curve showed that SPP of 40 mmHg is the nearest
to the upper left corner (Fig. 2). It indicates that the cut-
off value of 40 mmHg is the best.

The fate of 18 limbs was “Healed”, 44 limbs was ‘“Not
healed”. Of 44 limbs with “not healed”, two limbs had
revascularlization, eight limbs had secondary amputation,
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Table 3 Outcome of limbs at one month after SPP measurement and fate
of wounds using criterion of SPP of 40 mmHg

Outcome at one month

Fate of wounds

SPP
Improved

No change
or worse

Total

Healed Not healed

> 40 mmHg 12 8
<40 mmHg 4 38
Total 16 46

11 9 20
7 35 42
18 44 62

and 34 limbs remained unhealed. The expectancy of SPP
> 40 mmHg to predict the fate of wound was; sensitivity:
61.1% (11/18), specificity: 79.5% (35/44), accuracy: 74.2%
(46/62) (Table 3). These results seem to be quite similar
to the outcome at one month, but because 17 limbs (27%)
of them were lost to follow up, they are not comparable.
Among the factors analyzed for the influence on the
outcome at one month, univariate analysis showed the P
values of the factors of use of anti-platelet drugs, local
administration of bFGF, and SPP > 40 mmHg were < 0.2
(Table 4). After logistic regression analysis, SPP > 40
mmHg was revealed to be the only independent influen-
tial factor and the odds ratio was 14.2 (95% CI 3.6-55.9).

DiSscussION

Our results show we can have confidence in the value
of SPP as a tool for making clinical decisions in patients
with ischemic foot ulcers, and an SPP value of 40 mmHg
is an appropriate cutoff value. Furthermore, SPP > 40
mmHg is a unique significant factor for predicting a
good outcome of ischemic foot ulcers or gangrenes.

Predicting successful healing of ulcers and the need
for amputation of ischemic limbs remains a major clini-
cal challenge, particularly in diabetic patients whose sys-
tolic Doppler ankle pressure is often artifactually elevat-
ed owing to calcified arteries.” The inability of Doppler
ankle pressure to predict the healing of forefoot amputa-
tions was reported by Mehta et al.” They concluded that
a low ankle pressure did not contraindicate a transmeta-
tarsal amputation, while a higher pressure did not guar-
antee success.

Unlike other noninvasive physiologic tests that mea-
sure pressure in the limbs, SPP can be measured in the
limbs when skin lesions of the toe or digital amputation
preclude measurement of the toe pressure, and it is not
affected by calcification of arteries.” Tsai et al. and Ya-
mada et al. reported that there was a strong linear corre-
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Fig. 2 Receiver operating characteristic (ROC) curve of SPP
and outcome. Values on the curve are SPP values
(mmHg). As SPP 40 mmHg is the nearest point from the
upper left corner, it’s the best cutoff point.

lation between SPP and toe pressure,”'” and also, a sig-
nificant correlation was found in both patients with and
without diabetes.”

Previous studies have documented that SPP is a repro-
ducible diagnostic test and could reliably evaluate the se-
verity of foot ischemia."™ Another factor that may con-
tribute to the diagnostic accuracy of SPP is the fact that
the measurement can be performed at the level of the
limb or foot where the ulcer or amputation wound is lo-
cated. Thus, SPP can be measured in the region of inter-
est.”

In previous studies, two simple functional tests, trans-
cutaneous oxygen pressure (TcPO,) and toe blood pres-
sure (TP) measurements, provided reliable information
about the need for vascular intervention,” but the TcPO,
test was relatively time consuming and the accuracy of
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Table 4 Univariate analyses of factors on the outcome at one month (n = 62)

Factors Ig}lpiolv 6e)d No Ch?lrllie 4()g)worse P value
Age 61.0 + 194 66.2 + 13.4 0.24
Sex: Male 11 (69%) 30 (65%) 1.0
ASO 11 (69%) 34 (74%) 0.75
Collagen disease 2 (13%) 13 (28%) 0.31
Hypertension 12 (75%) 34 (74%) 1.0
Diabetes mellitus 8 (50%) 29 (63%) 0.39
Hemodialysis 4 (25%) 19 (41%) 0.37
Infection 3 (19%) 12 (26%) 0.74
‘Wound location (toes) 11 (69%) 32 (70%) 1.0
Anti-platelet drugs 14 (88%) 32 (70%) <0.20
Prostaglandins 7 (44%) 21 (46%) 1.0
bFGF 11 (69%) 20 (43%) 0.15
SPP > 40 mmHg 12 (75%) 8 (17%) < 0.0001

TcPO, measurements in ischemic limbs has been ques-
tioned.” Graaff et al. concluded that the interobserver
and intraobserver reproducibility of TcPO, were moder-
ate.” For these reasons, we use TcPO, measurement as a
supplemental test to SPP if needed.

Our results show that SPP can predict whether an ul-
cer or limb gangrene will heal or improve without revas-
cularization. Thus, the SPP measurement should be a cri-
terion for clinical decision making in peripheral arterial
disease.

Ballard et al. reported that an absolute transmetatarsal
TcPO, level of > 30 mmHg appeared to be an accurate
cutoff point for the selection of conservative or operative
treatment for almost all diabetic foot problems, and a
higher transmetatarsal TcPO, threshold (40 mmHg)
might be required to successfully manage calcaneal gan-
grene or some very severe non-healing ulcers.'” There
are some reports that SPP of 30 mmHg is a suitable cri-
terion for making clinical decisions on therapy,* > '*™®
but we used an SPP value of 40 mmHg because of its
safety margin. Recently, Yamada et al. also reported that
an SPP value of 40 mmHg was a suitable cutoff value to
predict wound healing.” The ROC curve of SPP value
and the outcome in our study showed that SPP 40 mmHg
was the best cutoff point.

Yamada et al.'” retrospectively evaluated healing of
ischemic wounds followed-up for more than three
months. However, we evaluated the outcome of ischemic
wounds one month after SPP measurement because SPP
value changes with various factors such as infection of
the ulcer or cardiac function over a longer period. Fur-
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thermore, one month is long enough to evaluate the ten-
dency for wound healing. We also evaluated the outcome
three months after SPP measurement, but 17 of 62 limbs
(27%) were lost to follow up because the patients trans-
ferred to another hospital or died. The outcome of the re-
maining 45 limbs three months after SPP measurement
was; “improved” in 23 limbs and “no change or worse”
in 22 limbs. Among the 17 limbs that were lost to follow
up, the outcome at one month in 16 limbs was “no change
or worse”, creating a bias in the outcome of limbs three
months after SPP measurement.

Previous studies did not examine factors for wound
healing, but in our study, univariate and multivariate
analyses showed that SPP > 40 mmHg was the only in-
dependent factor that influenced the outcome of limbs.
So, irrespective of a patient with an ischemic foot ulcer
or gangrene has diabetes mellitus, collagen disease,
wound infection, or is receiving hemodialysis, we can de-
cide the therapy based only on the SPP value.

There were three limbs in our study whose fate of
wounds were “not healed” in spite of their SPP were > 40
mmHg and the outcome at one month were “improved”.
One limb was in a patient with ASO and diabetes melli-
tus, and was also on hemodialysis. The rest two limbs of
two patients were with collagen disease and TAO. On the
other hand, there was only one limb whose SPP > 40
mmHg but had secondary amputation. The patient had
infection on ulcers, had diabetes mellitus, and was on he-
modialysis. These results show that although each factors
examined had no significant influence on the outcome at
one month, plural factors combined can influence on the
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outcome later.

There were some limitations of our study. It was not a
randomized controlled trial and there might have been
selection bias in the outcome of limbs because 24 of 42
limbs with SPP < 40 mmHg were treated by conservative
therapy mostly because of the patients’ poor condition.
The heterogeneity of the pathogenesis of foot lesions
might also potentially bias the results. Moreover, as each
vascular surgeon was aware of the SPP value of the
wound, there might have been bias in evaluating wound
healing.

CONCLUSION

SPP can predict one month outcome of foot ulcers and
gangrene treated with conservative therapy using a cutoff
value of 40 mmHg.
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