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Relationship between fluctuations in skin perfusion pressure
values and wound healing in patients with chronic
limb-threatening ischemia undergoing hemodialysis
Yutaro Yamashita, M.D., Ph.D., Yoshiro Abe, M.D., Ph.D., Shinji Nagasaka, M.D., Hiroyuki Yamasaki, M.D.,
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Abstract : Background : Patients with chronic limb-threatening ischemia are often on hemodialysis. It is unclear
which skin perfusion pressure (SPP) values, i.e., those measured immediately after hemodialysis on a hemodialysis day or those measured on a non-hemodialysis day, reflect the actual wound healing course in chronic
limb-threatening ischemia. Methods : Eighteen patients undergoing hemodialysis (49 measurements) who were
treated for leg ulcers due to critical limb ischemia were included in the study. The SPP values were divided into
two groups : those measured immediately after hemodialysis (HD day group) and those measured on non-hemodialysis days (non-HD day group). The wound healing outcomes were investigated. The cutoff SPP value for
predicting wound healing was set to ≥ 35 mmHg. The sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy of SPP in each group were measured. The relationship between SPP and blood
pressure was analyzed by regression analysis. Results : Significant differences were observed in the positive
predictive value (HD day : 100%, non-HD day : 50% ; P = 0.002), The correlation coefficient was 0.698 in the HD day
group and 0.292 in the non-HD day group. Diastolic blood pressure had a significant effect on SPP (P = 0.039). Conclusions : The measurements are best taken immediately after hemodialysis for more accuracy. J. Med. Invest. 69
: 294-298, August, 2022
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INTRODUCTION
Patients with chronic limb-threatening ischemia (CLTI) are
often undergoing hemodialysis. Treating ulcers associated with
CLTI is difficult (1-3). The skin perfusion pressure (SPP) test
is important for predicting the course of wounds during CLTI
treatment (4-8). Because the blood pressure during hemodialysis
and the blood flow to the skin immediately after hemodialysis
decrease, it is considered that the SPP value also decreases.
However, it is unclear whether the SPP values measured immediately after hemodialysis and those measured on non-hemodialysis days reflect the actual wound healing course. Therefore, in
this study, we investigated the SPP values that more accurately
reflect wound healing in patients with CLTI.

PATIENTS AND METHODS
This retrospective study included 18 patients undergoing
hemodialysis who were treated for ischemic ulcers at our department between January 2016 and March 2021. Among these
patients, those in whom the course of ulcer was for 12 or more
weeks were included in this study. A total of 49 SPP tests were
performed on the lower limbs of these 18 patients during the observation period ; among these, 22 were performed immediately
after hemodialysis (HD day group) and 27 were performed on
non-hemodialysis days (non-HD day group). SPP was measured
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on the measurable skin closest to the ulcer or the surgical site.
In the HD day group, SPP was measured within an hour from
the end of the hemodialysis sessions in all cases. It was randomly determined who would undergo the SPP test immediately
after dialysis. In the non-HD day group, SPP was measured
more than 20 h after (range : 20–48 h) the end of hemodialysis.
Patient characteristics such as sex, mean SPP value, mean
blood pressure, diabetes mellitus status, ulcer or surgical site,
and ulcer treatment methods were investigated and compared
between the HD and non-HD day groups. An SPP of 35 mmHg
was set as the cutoff value : SPP of ≥ 35 mmHg was used as a
predictor of wound healing, while SPP of < 35 mmHg was used
as a predictor of healing failure. Ulcer treatments included major
amputation, minor amputation, skin grafting, debridement, and
conservative treatment according to the condition of the wound.
When skin grafting, debridement, and conservative treatment
were selected, healing was judged to have occurred when the
ulcer area reduced to 10% or less 12 weeks after the start of the
treatment. Conversely, healing was considered to have failed
when more ulcer area remained or new necrotic tissue appeared
after treatment (4, 5, 9). When major or minor amputation was
selected for treatment, wound healing without additional treatment after surgery was defined as healing and wound dehiscence was defined as healing failure. Consent was obtained from
the participants for the publication of their case details. Ethical
approval for this study was obtained from the institutional review board of Tokushima University.

STATISTICAL ANALYSIS
We determined the differences in the SPP value, blood
pressure, positive predictive value (PPV), negative predictive
value (NPV), sensitivity, specificity, and accuracy between the
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HD and non-HD day groups. The outcomes were assessed using
the t-tests and chi-square tests. The correlation between SPP
and wound healing was determined for each group. The relationship between SPP and post-hemodialysis time and that between
SPP and blood pressure were analyzed by regression analysis.
Statistical significance was achieved at two-tailed P-values
of < 0.05. The correlation coefficient was calculated using the
Pearson’s test. Statistical analyses were conducted using SPSS
version 16.0 (SPSS Inc.).

RESULTS
Baseline patient characteristics, including the sex, age, mean
SPP value, mean diastolic and systolic blood pressure, site of
the ulcers, and type of treatment, are presented in Table 1.
The mean SPP and blood pressure were higher in the non-HD
day group than in the HD day group. In the HD day group, the
ulcer / surgery sites included the thigh (n = 1), lower leg (n = 5),
foot (n = 9), heel (n = 4), and toes (n = 3). In the non-HD day

group, the ulcer sites included the thigh (n = 2), lower leg (n = 1),
foot (n = 13), heel (n = 8), and toes (n = 3) (P = 0.413). In the HD
day group, 7, 2, 7, 1, and 5 patients received conservative treatment, debridement, skin grafting, minor amputation, and major
amputation, respectively. In the non-HD day group, 11, 4, 7, 2,
and 3 patients received conservative treatment, debridement,
skin grafting, minor amputation, and major amputation, respectively, (P = 0.754). There were no significant differences in any of
the items mentioned in Table 1 between the two groups. Wound
healing was defined as a positive result, and healing failure was
defined as a negative result. The PPV was 100% in the HD day
group and 50% in the non-HD group (P = 0.002). The NPV was
85.7% in the HD day group and 94.1% in the non-HD group
(P = 0.431) (Table 2). The sensitivity was 80% in the HD day
group and 83.3% in the non-HD group (P = 0.869). The specificity
was 100% in the HD day group and 76.2% in the non-HD group
(P = 0.067) (Table 3). The accuracy was 90.9% in the HD day
group and 77.8% in the non-HD group (P = 0.216). The total accuracy for the HD day and non-HD day groups was 86.4% (Table 4).
The correlation coefficient between SPP and wound healing was

Table 1. Baseline patient characteristics
Sex

HD day group, n = 22

Non-HD day group, n = 27

P value

Male : 14 (63.6%)

Male : 19 (70.4%)

0.617

Female : 8 (36.4%)

Female : 8 (29.6%)

Mean age, years

63.14 ± 10.15

64.22 ± 5.54

0.245

History of diabetes mellitus

21 (95.5%)

27 (100%)

0.263

Mean SPP, mmHg

29.29 ± 14.67

34.48 ± 19.37

0.160

Systolic blood pressure, mmHg

125.45 ± 31.85

133.54 ± 33.40

0.183

Diastolic blood pressure, mmHg

62.35 ± 14.41

67.65 ± 13.31

0.081

Ulcer or surgical site

Thigh : 1 (4.5%)

Thigh : 2 (7.4%)

0.413

Lower leg : 5 (22.7%)

Lower leg : 1 (3.7%)

Foot : 9 (40.9%)

Foot : 13 (48.1%)

Heel : 4 (18.2%)

Heel : 8 (29.6%)

Toe : 3 (13.6%)

Toe : 3 (11.1%)

CT : 7 (31.8%)

CT : 11 (40.7%)

Treatment method

0.754

Debridement : 2 (9.1%)

Debridement : 4 (14.8%)

Skin grafting : 7 (31.8%)

Skin grafting : 7 (26%)

Minor amputation : 1 (4.6%)

Minor amputation : 2 (7.4%)

Major amputation : 5 (22.7%)

Major amputation : 3 (11.1%)

HD, hemodialysis ; n, number of measurements ; SPP, skin perfusion pressure ; CT, conservative treatment

Table 2. Comparison of PPV and NPV between HD day and non-HD
day groups

SPP ≥ 35 mmHg
Positive predictive value

SPP < 35 mmHg
Negative predictive value

HD day

8 / 8 (100%)

12 / 14 (85.7%)

Non-HD day

5 / 10 (50.0%)

16 / 17 (94.1%)

P value

0.002*

0.431

PPV, positive predictive value ; NPV, negative predictive value ; HD,
hemodialysis ; SPP, skin perfusion pressure
*P < 0.05

Table 3. Comparison of sensitivity and specificity
between HD day and non-HD day groups
Healed
Sensitivity

Failed
Specificity

HD day

8 / 10 (80%)

12 / 12 (100%)

Non-HD day

5 / 6 (83.3%)

16 / 21 (76.2%)

P-value

0.869

0.067

HD, hemodialysis
*P < 0.05
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0.698 (P = 0.000) in the HD day group and 0.292 (P = 0.140) in the
non-HD day group (Figure 1). SPP and post-hemodialysis time
were not significantly causal in regression analysis (P = 0.231).
SPP and systolic blood pressure were not significantly causal in
regression analysis (P = 0.584). Diastolic blood pressure significantly affected SPP (P = 0.039) (Figure 2).

Table 4. Comparison of accuracy between HD day and non-HD
day groups

Accuracy
HD day

20/22 (90.9%)

Non-HD day

21/27 (77.8%)

P-value

0.216

Total Accuracy
51/59 (86.4%)

HD, hemodialysis
*P < 0.05

Figure 1. Correlation between wound healing and skin perfusion pressure (SPP, mmHg) distribution in the
hemodialysis (HD) day group and the non-HD day group. The cutoff SPP value was considered to be 35 mmHg.

Figure 2. Scatter plot of regression analysis.

Diastolic blood pressure significantly affected skin perfusion pressure (SPP) in regression analysis.
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DISCUSSION
In our study, the SPP value of patients undergoing hemodialysis measured immediately after dialysis more accurately
reflected the course of the wound than the value measured on
the non-dialysis day. SPP is as useful as the ankle-brachial index
(ABI) for diagnosing peripheral arterial disease and predicting
wound healing (10-12). The SPP is more useful than the ABI in
identifying the extent of ischemia and determining the level of
amputation and the extent of debris because the site of measurement can be selected (4-6). In previous reports, the cutoff value
of SPP varied from 30 to 50 mmHg (4-7) ; however, Tsuji et al.
reported that an SPP of 35 mmHg is the optimal cutoff value
(13) that most accurately reflects whether the wound heals or
not within 12 weeks. Based on this, we set the same SPP cutoff
in this study. In some studies that investigated the relationship
between SPP and wound healing, patients underwent conservative treatment, amputation, or debridement for their wounds
(4-6, 13, 14), Plastic surgeons often treat CLTI cases with extensive necrosis and large ulcers. Therefore, skin grafting is often
performed as a treatment option. Because skin grafts do not
survive if there is ischemia, healing was considered successful in
this study when the ulcer area was reduced to 10% or less after
skin grafting. The wound healing period in this study was determined to be within 12 weeks ; this is because over a long period
of time, the degree of blood flow in the lower limbs may change
due to the development of new obstructions and progression of
arteriosclerosis (15-17).
According to previous reports, there is a difference in the SPP
levels measured before and immediately after hemodialysis
(18, 19). This is attributed to the fluctuation in the blood pressure during hemodialysis (18, 20). The reduced blood pressure
would not be able to adequately perfuse the stenotic arteries
and injured tissues, thereby resulting in a low SPP value. In
our study, this variation in the SPP value averaged 5 mmHg in
both the HD day and non-HD day groups, although there were
some patients with differences of ≥ 20–30 mmHg between the
HD and non-HD days. This difference obscures the decision as
to whether revascularization is necessary for the treatment of
ulcers associated with CLTI. Therefore, it is important to determine which SPP value (i.e., the value in the HD day group or in
the non-HD day group) is more credible. In our study, the SPP in
the HD day group more accurately reflected the course of wound
healing in terms of PPV, specificity and accuracy compared to
that in the non-HD day group. The correlation between the SPP
value and wound healing was also significantly higher in the HD
day group. These results suggest that for patients undergoing
hemodialysis, physicians should rely on the SPP value measured
on the hemodialysis day, immediately after hemodialysis to predict wound healing.
The limitation of this study was that it was a retrospective
study, so both groups were not completely controlled, and the
number of patients in the HD day group was smaller than that of
the non-HD day group. The novelty of this study is that we investigated the relationship between the SPP value, which fluctuates
with hemodialysis and wound healing.

CONCLUSION
When SPP is measured on a non-hemodialysis day, its value
tends to be higher than the value measured immediately after
hemodialysis on a hemodialysis day. The SPP value is more accurate when it is measured immediately after hemodialysis. This
timing is important to obtain an accurate prediction of the course
of an ulcer in patients with CLTI undergoing hemodialysis, so
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that a revascularization strategy can be planned accordingly.
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