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Abstract 

Purpose  To describe observed associations between vacuum sealing drainage (VSD) and wound healing, infection 
control, and pain outcomes in a retrospective cohort of diabetic foot ulcer (DFU) patients.

Methods  This single-center retrospective cohort study included 253 DFU patients (Wagner grades 2–3) divided 
into a conventional treatment group (n = 138) and a VSD group (n = 115, receiving standard care plus continuous-irri-
gation VSD). Treatment allocation was non-randomized and based on clinical suitability, physician discretion, patient 
preference, and logistics. Wound area, complete healing rate, healing time, infection control, inflammatory cytokines 
(IL-1β, IL-6, IL-8), SF-MPQ pain scores, and adverse events were compared between groups. Logistic regression identi-
fied factors associated with poor healing and poor infection control.

Results  In this cohort, VSD was associated with a higher complete healing rate (91.30% vs. 78.26%, P = 0.005; abso-
lute difference 13.0%, NNT = 8), shorter median healing time (72 vs. 79 days; difference 7 days), better infection 
control (93.91% vs. 81.16%, P = 0.003), lower inflammatory cytokine levels, and lower SF-MPQ scores. Adverse events 
were fewer in the VSD group (9.57% vs. 20.29%, P = 0.019). Logistic regression identified VSD as a factor associated 
with reduced odds of poor healing (OR = 0.350) and poor infection control (OR = 0.285).

Conclusion  In this retrospective, non-randomized cohort, continuous-irrigation VSD was associated with modestly 
better outcomes across several measured parameters. However, the absolute benefits were small, the study lacks 
data on cost, convenience, and treatment burden, and the findings are specific to the combined protocol used 
at this center. Given the observational design and the inherent risk of confounding by indication, these results should 
be interpreted as exploratory associations rather than as evidence of superiority. Prospective randomized trials are 
needed before any firm treatment recommendations can be made.

Keywords  Vacuum sealing drainage, Diabetic foot ulcer, Wound healing, Infection control, Negative pressure wound 
therapy

Introduction
Diabetic foot ulcer (DFU) represents a significant and 
challenging complication of diabetes mellitus, affecting 
millions of patients worldwide. These chronic wounds 
are characterized by impaired healing processes due to 
underlying pathophysiological mechanisms such as neu-
ropathy, ischemia, and infection [1, 2]. The burden of 
DFU is substantial, leading to high morbidity, prolonged 
hospital stays, and increased healthcare costs. Despite 
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advancements in medical care, the prevalence of DFU 
remains high, necessitating innovative approaches for 
effective management [3, 4].

The pathogenesis of DFU involves multiple factors that 
complicate the healing process. Peripheral neuropathy, a 
common complication of diabetes, leads to loss of protec-
tive sensation, making patients susceptible to unnoticed 
trauma and subsequent ulceration. Additionally, vascu-
lar insufficiency contributes to poor perfusion, limiting 
the delivery of oxygen and nutrients necessary for tissue 
repair. Infection further exacerbates these challenges by 
promoting inflammation and delaying healing [5, 6]. Tra-
ditional treatments often focus on addressing these indi-
vidual components through offloading, revascularization, 
and antimicrobial therapy. These strategies may not be 
sufficient for achieving complete wound closure, particu-
larly in cases of large or deep ulcers [7, 8].

Negative pressure wound therapy (NPWT), including 
vacuum sealing drainage (VSD), has emerged as a widely 
adopted approach for managing chronic wounds. This 
technique involves applying controlled negative pres-
sure to the wound bed, which promotes granulation tis-
sue formation, enhances blood flow, and removes excess 
exudate [9, 10]. Several randomized controlled trials and 
meta-analyses have demonstrated the efficacy of NPWT 
in various types of chronic wounds, including those asso-
ciated with diabetes [11–13].

However, the clinical value of NPWT remains an 
active area of debate.  Recent high-quality evidence has 
tempered earlier enthusiasm. A large, multicenter, ran-
domized SWHSI-2 trial published in  The Lancet  found 
no clear evidence that NPWT improved time to wound 
healing compared to usual care in surgical wounds heal-
ing by secondary intention, although that study was not 
limited to diabetic foot wounds [14]. Furthermore, a 
recent randomized non-inferiority trial demonstrated 
that copper oxide-impregnated dressings yielded similar 
healing outcomes to NPWT in diabetic wounds, while 
offering greater convenience and lower cost [15]. These 
findings raise important questions about the routine 
application of NPWT: when is negative pressure therapy 
truly justified, what is the magnitude of its benefit in spe-
cific patient subgroups, and how does it compare with 
simpler, less costly alternatives?

The present retrospective study does not aim to re-
establish the efficacy of VSD, which has been shown 
in prior RCTs, nor does it attempt to claim superior-
ity. Rather, it seeks to contribute to the ongoing clinical 
debate by providing real-world descriptive data from 
a Chinese patient population, with exploratory assess-
ments of inflammatory cytokines (interleukin [IL]-1β, 
IL-6, IL-8), pain improvement using the short-form 
McGill pain questionnaire (SF-MPQ), and risk factor 

analysis for poor healing and infection control. These 
secondary outcomes and the identification of local risk 
factors represent the incremental contribution of this 
work. We explicitly acknowledge that any observed dif-
ferences should be interpreted as associations observed 
in a selected retrospective cohort, and that the modest 
absolute benefits must be weighed against the additional 
costs, patient burden, and the availability of simpler alter-
native therapies.

Materials and methods
Design and grouping
A retrospective analysis was conducted on DFU patients 
who received treatment at our hospital from April 2020 
to April 2024. Inclusion criteria were: (1) meeting the 
diagnostic criteria for DFU [16]; (2) Wagner grades [17] 
of 2 to 3; (3) age ≥ 18  years; (4) strict dietary control 
during treatment, with fasting blood glucose stabilized 
below 7.0  mmol/L and postprandial 2-h blood glucose 
controlled below 11.0  mmol/L; (5) ankle-brachial index 
(ABI) ≥ 0.7; (6) complete medical records. Exclusion cri-
teria included: (1) severe heart, liver, or kidney dysfunc-
tion; (2) specific infections in the wound (Mycobacterium 
tuberculosis, Clostridium tetani); (3) acute complications 
of diabetes (hyperosmolar hyperglycemic state, diabetic 
ketoacidosis); (4) use of immunosuppressive agents or 
glucocorticoids affecting wound healing within the past 
3  months; (5) intellectual disabilities, cognitive impair-
ments, or mental illness; (6) malignancies, coagulation 
disorders, or active bleeding diseases; (7) pregnancy or 
lactation; (8) allergies to antibiotics or materials used 
during treatment.

Based on differences in treatment protocols, 253 
patients who met the inclusion and exclusion criteria 
were defined into a conventional group (n = 138) and 
a VSD group (n = 115). The conventional group was 
defined as receiving only standard DFU treatments, 
including blood glucose control, anti-infection therapy, 
wound debridement, and local dressing changes, without 
the use of VSD devices. The VSD group was defined as 
receiving standard treatments supplemented with addi-
tional VSD therapy.

Ethics
The study protocol has been reviewed and approved by 
the Medical Ethics Committee of Shanghai First Peo-
ple’s Hospital Jiuquan Hospital. The implementation of 
the study strictly adhered to the Declaration of Helsinki 
(revised in 2013), the Ethical Review Measures for Bio-
medical Research Involving Human Subjects, and other 
relevant medical ethics guidelines, ensuring the scientific 
integrity and ethical standards of the study. Given the ret-
rospective design of this study, data were sourced from 
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archived medical records of previous treatments at the 
hospital. No additional interventions were performed on 
patients, and all data extraction processes did not involve 
current patient care or rights. After approval by the eth-
ics committee, the requirement for informed consent was 
waived.

Treatment
Standard treatment

(1)	 Blood glucose control: All patients received indi-
vidualized blood glucose control protocols: ① 
Dietary Intervention: A clinical dietitian developed 
a low-sugar, high-fiber, high-quality protein diet 
plan to control total daily caloric intake and avoid 
high glycemic index (GI) foods. ② Blood Glucose 
Monitoring: Blood glucose was monitored 30  min 
before meals, 2  h after meals, and before bedtime 
daily. Glycated hemoglobin (HbA1c) was meas-
ured once a week. ③ Hypoglycemic Treatment: 
Based on blood glucose levels, oral hypoglyce-
mic agents (such as metformin, SGLT-2 inhibi-
tors, etc.) or subcutaneous insulin injections were 
selected. The target was to maintain fasting blood 
glucose ≤ 7.0  mmol/L, postprandial 2-h blood glu-
cose ≤ 11.0 mmol/L, and HbA1c ≤ 7.5%.

(2)	 Anti-infection therapy: During the initial treatment 
phase, wound exudates were collected for bacterial 
culture and antibiotic sensitivity testing. Sensitive 
antibiotics were selected based on the results to 
avoid empirical medication. Every 3 to 5 days, exu-
date cultures were repeated during treatment, and 
the type and duration of antibiotics were dynami-
cally adjusted. Antibiotics were discontinued 
promptly after infection control to avoid misuse.

(3)	 Wound debridement: Under sterile conditions, 
surgical debridement was performed to remove 
necrotic tissue and inflammatory granulation tis-
sue from the wound surface. For Wagner grade 
3 patients, the wound was expanded if necessary 
to expose and remove necrotic tendons and bone, 
ensuring debridement to healthy tissue margins. 
After debridement, the wound was sequentially irri-
gated with 3% hydrogen peroxide, repeatedly rinsed 
with 0.9% sodium chloride solution, disinfected 
with povidone-iodine solution, and finally dried 
with sterile gauze.

(4)	 Local dressing changes: After basic wound care, 
conventional group patients followed a traditional 
dressing change protocol: ① The wound was cov-
ered with sterile petroleum jelly gauze (Approval 
No.: 20163142310, Shaoxing Fuqing Hygiene Prod-
ucts Co., Ltd., Zhejiang Province), which main-

tained a moist wound environment and reduced 
mechanical injury during dressing changes. ② The 
outer layer was wrapped with sterile gauze and elas-
tic bandages moderately to avoid tightness affecting 
blood circulation. ③ Dressing Change Frequency: 
Initially (first 2  weeks), dressings were changed 
once daily. Once wound exudate decreased, the fre-
quency was reduced to every other day, continuing 
for 12 weeks. ④ During each dressing change, the 
growth of granulation tissue, characteristics of exu-
date, and epithelial migration at the wound edges 
were observed, and the treatment plan was adjusted 
promptly.

(5)	 Off-loading: All patients received appropriate off-
loading therapy using non-removable knee-high 
off-loading boots or specialized custom-made ther-
apeutic footwear, as indicated by wound location 
and severity. Off-loading was maintained through-
out the treatment period to reduce pressure on the 
ulcer site.

VSD therapy
For the VSD group, after debridement, VSD dressings 
were cut according to the shape and size of the wound 
to ensure complete coverage and tight adherence with-
out any dead space (Fig.  1). The drainage tubes were 
embedded within the dressings with side holes facing the 
wound. For larger or irregular wounds, multiple drainage 
tubes could be placed and combined into a single out-
let using a three-way connector. The skin within a 3 cm 
perimeter around the wound was cleaned with normal 
saline, degreased with 70% alcohol, and then dried. After 
the alcohol had fully evaporated, a biocompatible trans-
parent film was used to seal the dressing and surrounding 
skin to ensure a complete seal. The drainage tube out-
let was connected to a central negative pressure device, 
and the negative pressure was adjusted to 20–50  kPa 
(equivalent to approximately 150–375 mmHg), initiating 
continuous negative pressure suction. A normal saline 
irrigation system was connected to continuously flush 
the VSD dressing at a rate of 10–20 mL/h.This irrigation 
was not a timed instillation-dwell cycle (as used in Vera-
Flo™ systems), but rather a continuous, low-volume flush 
primarily intended to prevent clotting or exudate block-
age of the drainage tubing. The irrigation was applied 
throughout the entire duration of VSD therapy.

After using the VSD device (Approval No.: 
20182142572, Wuhan Yijia Bao Biological Materials 
Co., Ltd., Hubei Province) for 1–2 weeks, treatment was 
adjusted based on granulation tissue growth and sinus 
tract formation. If the wound showed fresh granulation 
tissue with no sinus tract formation, the VSD negative 
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pressure device was removed, and conventional petro-
leum jelly gauze dressing changes were initiated until the 
end of treatment. If granulation tissue growth was slow 
or sinus tracts were present, the wound was re-debrided, 
and the VSD procedure was repeated until the wound 
base was covered by granulation tissue, after which con-
ventional dressing changes were resumed.

Treatment allocation
The choice between conventional treatment and VSD 
was  not protocol-driven or randomized. Instead, it was 
based on a combination of physician discretion, patient 
preference, and, to a limited extent, device availabil-
ity. In general, VSD was offered when: (a) the ulcer was 
suitable for negative pressure therapy (i.e., no exposed 
major vessels, nerves, or tendons without coverage, no 
active bleeding, and no untreated osteomyelitis); (b) the 
patient had adequate perfusion (ABI ≥ 0.7); (c) the treat-
ing orthopedic surgeon had experience with VSD; and (d) 
the patient consented to the procedure and could com-
ply with follow-up. Conventional treatment was chosen 
when VSD was not clinically indicated (e.g., very small 
wounds, inadequate seal possible, or concerns about 
patient adherence) or when the patient refused VSD. 
Logistical factors (e.g., temporary unavailability of the 

VSD device or consumables) also influenced the choice in 
a small number of cases.

Observation indicators

(1)	 Wound healing: The wound area, complete wound 
healing rate, and time to complete wound healing 
were recorded. High-resolution photographs of the 
wounds were taken using a calibrated ruler before 
treatment and after 2 weeks, 4 weeks, 8 weeks, and 
12  weeks of treatment. The wound area (in cm2) 
was calculated using ImageJ image analysis soft-
ware. The complete wound healing rate refers to 
the percentage of patients in each group whose tar-
get ulcers met the "complete healing criteria" after 
12 weeks of treatment. The complete healing crite-
ria followed the IWGDF/IDSA Guidelines for the 
Diagnosis and Treatment of Diabetic Foot Infec-
tions [16]: ① The wound is completely covered by 
new epithelial tissue with no exposed granulation 
tissue; ② No local discharge, redness, swelling, 
or pain. The  time to complete wound healing  is 
defined as the number of days from the start of 
the first treatment until the wound first meets the 
complete healing criteria [16]. For patients who did 
not achieve complete healing within the 12-week 
study period, healing time was  censored  at day 84 
(the end of follow-up) or at the date of last wound 
assessment if the patient was lost to follow-up 
earlier. No patient was excluded from the analysis 
because of non-healing.

(2)	 Infection control: The infection control rate, dura-
tion of antibiotic use, and levels of inflammatory 
markers were recorded. The infection control rate 
refers to the percentage of patients in each group 
who achieved "effective infection control" after 
2  weeks of treatment. The effective infection con-
trol criteria followed the IWGDF/IDSA Guidelines 
for the Diagnosis and Treatment of Diabetic Foot 
Infections [16]: ① Complete resolution of local 
signs of infection (redness, swelling, heat, pain, 
purulent discharge); ② Disappearance of systemic 
infection symptoms (fever, chills); ③ No need for 
continued systemic antibiotic therapy. The dura-
tion of antibiotic use is defined as the total num-
ber of days from the start of systemic antibiotics 
until discontinuation. Levels of interleukin (IL)-1β, 
IL-6, and IL-8 were measured using the Inflamma-
tion 20-Plex Human ProcartaPlex™ Assay Panel 
(EPX200-12185–901, Thermo Fisher Scientific Inc., 
USA) before treatment and after 2  weeks of treat-
ment.

Fig. 1  A clinical photograph of the VSD setup. VSD, vacuum sealing 
drainage 
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(3)	 Pain Improvement: The SF-MPQ [18] was used to 
evaluate the pain rating index (PRI), visual analog 
scale (VAS), and present pain intensity (PPI) before 
treatment and after 12 weeks of treatment. The PRI 
consists of 15 descriptive pain terms, with items 
1–11 assessing the sensory dimension of pain and 
items 12–15 assessing the affective dimension. 
Each item is scored on a scale from 0 to 3, where 
0 = no pain, 1 = mild pain, 2 = moderate pain, and 
3 = severe pain, yielding a total score range of 0–45. 
The VAS is a 10  cm line, where 0 represents "no 
pain" and 10 represents "the most intense pain." The 
PPI uses a six-level categorical scale, where 0 repre-
sents "no pain" and 5 represents "excruciating pain." 
The overall Cronbach’s α for this scale is 0.933 [19].

(4)	 Adverse event: The incidence of adverse events 
during treatment was recorded, including bleed-
ing (active wound bleeding or subcutaneous hema-
toma), increased pain (an increase in VAS score 
of ≥ 2 points compared to baseline, excluding fac-
tors related to infection exacerbation), and local 
redness and swelling (an increase in the area of 
redness around the wound by ≥ 1 cm compared to 
baseline, with or without an increase in skin tem-
perature).

Data analysis
Data were analyzed using SPSS version 29.0 (SPSS Inc., 
Chicago, IL, USA). Normality of continuous variables 
was assessed using the Shapiro–Wilk test. For variables 
with significant deviation from normality, non-paramet-
ric Mann–Whitney U tests were performed as sensitivity 
analyses; results were consistent with parametric tests, 
so parametric results are reported for comparability with 
prior literature. For wound area measured repeatedly 
(baseline, 2, 4, 8, 12 weeks), a linear mixed-effects model 
was used with treatment group, time (categorical), and 
the group × time interaction as fixed effects and a random 
intercept for each patient. Pairwise comparisons were 
adjusted using Bonferroni correction. Categorical vari-
ables were compared using χ2 test or Fisher’s exact test. 
Continuous variables at single time points were com-
pared using independent samples t-tests or Mann–Whit-
ney U tests as appropriate. The time to complete healing 
was analyzed using the Kaplan–Meier method. Patients 
who did not achieve healing by 12 weeks (84 days) were 
censored at that time. Patients who withdrew or were 
lost to follow-up were censored at their last documented 
wound assessment date. The log-rank test was used to 
compare healing curves between the VSD and conven-
tional groups.

Univariate and multivariate logistic regression were 
performed with poor wound healing (incomplete heal-
ing at 12  weeks) and poor infection control (infection 
not controlled at 2 weeks) as dependent variables. Vari-
able selection for multivariate models included VSD 
treatment (primary exposure), all variables with p < 0.1 
in univariate analysis (duration of DM, Wagner grade, 
ABI, initial wound area). Multicollinearity was assessed 
using variance inflation factors (VIFs); all VIFs were < 2.0. 
Events-per-variable (EPV) ratios were calculated (poor 
healing: EPV≈5:1; poor infection control: EPV≈4:1). All 
analyses are exploratory; odds ratio (OR) is presented 
with 95% confidence interval (CI), and p < 0.05 was con-
sidered statistically significant.

Results
General information
A total of 253 DFU patients were included, with 138 in 
the conventional group and 115 in the VSD group. No 
significant differences were observed between the two 
groups regarding demographics, comorbidities, diabe-
tes-related indicators, or DFU-related characteristics (all 
P > 0.05, Table  1). Additionally, for patients in the VSD 
group,  the median duration of a single VSD cycle was 
14  days (interquartile range: 10–17  days), with a range 
of 7–21  days across all patients. Most patients (84.35%, 
n = 97) completed treatment with a single VSD cycle, 
while 15.65% (n = 18) required repeated debridement and 
1–2 additional VSD cycles.

Wound healing
After 12 weeks of treatment, the VSD group achieved a 
significantly higher complete wound healing rate (91.30% 
vs. 78.26%, P = 0.005; Table  2). The absolute risk differ-
ence for complete healing was 13.04%, corresponding 
to a number needed to treat (NNT) of 8 (95% CI 5–20). 
This means that approximately 8 patients would need to 
be treated with VSD (instead of conventional treatment) 
for one additional patient to achieve complete healing 
by 12 weeks. The median healing time was 72 days (95% 
CI 65–79  days) in the VSD group and  79  days  (95% CI 
72–87  days) in the conventional group. The Kaplan–
Meier curves (Fig.  2) showed consistently better heal-
ing in the VSD group throughout the 12-week follow-up 
(P < 0.001). Of the 253 patients, 213 (84.19%) achieved 
healing within 84  days. Among the 40 non-healed 
patients, all were censored at day 84. No patient was lost 
to follow-up before 12  weeks. Therefore, the analysis 
includes all 253 patients with censoring applied only to 
the non-healed cases at the end of the study period.

The linear mixed-effects model revealed a signifi-
cant group × time interaction (F = 3.840, P = 0.004), indi-
cating that the reduction in wound area over the 12-week 
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Table 1  Comparison of general information between two groups of DFU patients

DFU, diabetic foot ulcer; VSD, vacuum sealing drainage; BMI, body mass index; DM, diabetes mellitus; ABI, ankle-brachial index

Parameter Conventional group 
(n = 138)

VSD group (n = 115) t/χ2 P

Demographics

 Age (years) 62.45 ± 10.23 61.89 ± 9.76 0.438 0.661

 Gender [n(%)] 0.091 0.762

  Male 79 (57.25%) 68 (59.13%)

  Female 59 (42.75%) 47 (40.87%)

 BMI (kg/m2) 24.36 ± 3.87 23.98 ± 3.65 0.809 0.420

 Comorbidities

 Hypertension [n(%)] 92 (66.67%) 72 (62.61%) 0.453 0.501

 Coronary heart disease [n(%)] 41 (29.71%) 30 (26.09%) 0.408 0.523

 Cerebrovascular disease [n(%)] 24 (17.39%) 18 (15.65%) 0.137 0.711

DM-related indicators

 Type of DM [n(%)] 0.041 0.840

  T1DM 18 (13.04%) 16 (13.91%)

  T2DM 120 (86.96%) 99 (86.09%)

 Duration of DM (years) 15.67 ± 4.41 16.02 ± 4.88 0.602 0.548

 DFU-related indicators

 Duration of DFU (days) 21.35 ± 5.19 22.64 ± 6.62 1.694 0.092

 Ulcer location [n(%)] 0.871 0.929

 Plantar 81 (58.70%) 72 (62.61%)

 Dorsal 18 (13.04%) 12 (10.43%)

 Lateral/Medial border 15 (10.87%) 10 (8.70%)

 Heel 12 (8.70%) 10 (8.70%)

 Toe 12 (8.70%) 11 (9.57%)

 Weight-bearing ulcer [n(%)] 58 (42.03%) 51 (44.35%) 0.138 0.711

 Wagner grade [n(%)] 0.688 0.407

  2 83 (60.14%) 75 (65.22%)

  3 55 (39.86%) 40 (34.78%)

 Deep wound [n(%)] 55 (39.86%) 45 (39.13%) 0.014 0.907

 Tendon/bone exposure [n(%)] 30 (21.74%) 24 (20.87%) 0.028 0.867

 Purulent drainage [n(%)] 76 (55.07%) 66 (57.39%) 0.137 0.711

 Malodor [n(%)] 41 (29.71%) 38 (33.04%) 0.325 0.569

 ABI 0.89 ± 0.08 0.90 ± 0.07 0.914 0.361

 Single VSD cycle duration (days) – –

  Median (IQR) – 14 (10–17)

  Range – 7–21

 Number of VSD cycles [n(%)] – –

  1 cycle – 97 (84.35%)

  2 cycles – 15 (13.04%)

   ≥ 3 cycles – 3 (2.61%)

Table 2  Comparison of complete wound healing between two groups of DFU patients

DFU, diabetic foot ulcer; VSD, vacuum sealing drainage; CI, confidence interval

Parameter Conventional group 
(n = 138)

VSD group (n = 115) t/χ2 P

Complete wound healing rate (after 12 weeks 
of treatment) [n(%)]

108 (78.26%) 105 (91.30%) 8.018 0.005

Median healing time (days, 95% CI) 79 (72–87) 72 (65–79) –  < 0.001
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period differed significantly between the VSD and con-
ventional treatment groups. Post-hoc comparisons with 
Bonferroni correction showed that while baseline wound 
area was similar between groups (15.73 vs. 15.68 cm2, 
P = 0.860), the VSD group had significantly smaller 
wound areas at all subsequent follow-up time points: 
at 2  weeks (12.34 vs. 13.41 cm2, P = 0.003), 4  weeks 
(8.01 vs. 8.74 cm2, P = 0.006), 8  weeks (3.23 vs. 3.69 cm2, 
P = 0.002), and 12  weeks (0.96 vs. 1.05 cm2, P = 0.016). 
These results are consistent with the pattern shown in 
Fig. 3.

Infection control
As shown in Table  3, the VSD group had a superior 
infection control rate after 2  weeks (93.91% vs. 81.16%, 
P = 0.003) and required a shorter duration of antibiotic 
therapy (12.08 vs. 14.92 days, P < 0.001) compared to the 
conventional group.

Table 4 presents the levels of inflammatory cytokines. 
While baseline levels were similar (all P > 0.05), after 
2  weeks of treatment, the VSD group exhibited signifi-
cantly greater reductions in IL-1β, IL-6, and IL-8 levels 
compared to the conventional group (all P < 0.01).

Pain improvement
Pain assessment results are detailed in Table 5. At base-
line, scores for the PRI, VAS, and PPI were similar 

between groups (all P > 0.05). After 12  weeks, the VSD 
group reported significantly lower final scores than the 
conventional group across all three components: PRI 

Fig. 2  Kaplan–Meier survival curves for time to complete wound healing

Fig. 3  Comparison of wound area between two groups of DFU 
patients (cm2). Data are presented as mean ± SD. The linear 
mixed-effects model showed a significant group × time interaction 
(F = 3.840, P = 0.004). Pairwise comparisons at each time point were 
performed using Bonferroni-adjusted t-tests. ns: no significant 
difference; *P < 0.05; **P < 0.01. DFU, diabetic foot ulcer; VSD, vacuum 
sealing drainage
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(8.89 vs. 9.45, P = 0.014), VAS (2.71 vs. 2.93, P = 0.018), 
and PPI (1.69 vs. 1.78, P = 0.040).

Adverse events
The incidence of treatment-related adverse events was 
significantly lower in the VSD group (9.57% vs. 20.29%, 
P = 0.019), as detailed in Table 6.

Logistic regression analysis
Table 7 displays the logistic regression analysis for factors 
associated with poor wound healing (incomplete healing 
at 12 weeks). In the multivariate model, VSD treatment 
was identified as a significant independent protective 

factor (OR = 0.350, 95% CI 0.162–0.756, P = 0.006). Con-
versely, a longer duration of diabetes (OR = 1.040, 
P = 0.019), a higher Wagner grade 3 (OR = 2.200, 
P = 0.010), and a larger initial wound area (OR = 1.090, 
P = 0.005) were independent risk factors for poor healing. 
A higher ABI value was also an independent protective 
factor (OR = 0.820, P = 0.015).

Table  8 shows the logistic regression analysis for fac-
tors affecting poor infection control (failure at 2 weeks). 
In the final multivariate model, VSD treatment remained 
a strong independent protective factor (OR = 0.285, 95% 
CI 0.118–0.689, P = 0.004), while a higher Wagner grade 
3 was a significant independent risk factor (OR = 2.000, 

Table 3  Comparison of infection control outcomes between two groups of DFU patients

DFU, diabetic foot ulcer; VSD, vacuum sealing drainage

Parameter Conventional group 
(n = 138)

VSD group (n = 115) t/χ2 P

Infection control rate (after 2 weeks of treat-
ment) [n(%)]

112 (81.16%) 108 (93.91%) 8.996 0.003

Duration of antibiotic use (days) 14.92 ± 2.44 12.08 ± 1.51 11.289  < 0.001

Table 4  Comparison of inflammatory cytokine levels between two groups of DFU patients (pg/mL)

DFU, diabetic foot ulcer; VSD, vacuum sealing drainage; IL-interleukin

Parameter Conventional group (n = 138) VSD group (n = 115) t P

IL-1β

 Before treatment 35.24 ± 3.15 35.18 ± 3.22 0.156 0.876

 After 2 weeks of treatment 18.35 ± 2.24 17.56 ± 1.95 2.971 0.003

IL-6

 Before treatment 88.43 ± 6.32 87.92 ± 6.85 0.623 0.534

 After 2 weeks of treatment 52.18 ± 4.87 50.65 ± 3.92 2.766 0.006

IL-8

 Before treatment 3.87 ± 0.92 3.91 ± 0.89 0.423 0.673

 After 2 weeks of treatment 1.24 ± 0.39 1.12 ± 0.27 2.688 0.008

Table 5  Comparison of SF-MPQ scores between two groups of DFU patients (points)

SF-MPQ, short-form McGill pain questionnaire; DFU, diabetic foot ulcer; VSD, vacuum sealing drainage; PRI, pain rating index; VAS, visual analogue scale; PPI, present 
pain intensity

Parameter Conventional group (n = 138) VSD group (n = 115) t P

PRI

 Before treatment 25.83 ± 4.12 26.15 ± 3.98 0.641 0.522

 After 12 weeks of treatment 9.45 ± 2.14 8.89 ± 1.46 2.466 0.014

VAS

 Before treatment 7.86 ± 1.23 7.92 ± 1.19 0.437 0.663

 After 12 weeks of treatment 2.93 ± 0.81 2.71 ± 0.67 2.376 0.018

PPI

 Before treatment 3.77 ± 0.51 3.78 ± 0.53 0.136 0.892

 After 12 weeks of treatment 1.78 ± 0.39 1.69 ± 0.32 2.062 0.040
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P = 0.019). The associations for diabetes duration, ABI, 
and initial wound area did not reach statistical signifi-
cance in the multivariate analysis (all P > 0.05).

Discussion
The beneficial effect of NPWT on DFU healing has been 
demonstrated in prior RCTs. The primary contribution 
of the present retrospective study is not to demonstrate 
this benefit de novo, but to provide real-world descriptive 
data from a single Chinese center, along with exploratory 
analyses of pain scores, inflammatory cytokine changes, 
and risk factors for poor outcomes. All findings should be 
interpreted as associations, not as causal evidence.

One of the key outcomes of our study was the higher 
rate of complete wound healing observed in the VSD 
group. The possible mechanism underlying this benefit 
may be multifactorial. VSD creates a controlled nega-
tive pressure environment around the wound, which 

promotes granulation tissue formation and enhances 
blood flow. This increased perfusion supports the deliv-
ery of oxygen and nutrients to the wound site, facilitating 
faster healing. The continuous suction provided by VSD 
helps remove excess exudate and debris, reducing the risk 
of bacterial colonization and infection. By maintaining a 
clean wound bed, VSD allows for more effective epitheli-
alization and reduces the likelihood of wound breakdown 
or recurrence [20–22].

Kaplan–Meier analysis confirmed that VSD was associ-
ated with a significantly shorter time to healing, with a 
median difference of 7 days. This could be attributed to 
the continuous negative pressure applied by VSD, which 
not only accelerates the formation of granulation tissue 
but also stimulates the migration of keratinocytes and 
fibroblasts. These cells play a critical role in the repair 
process, contributing to the closure of the wound. More-
over, the removal of fluid from the wound bed prevents 

Table 6  Comparison of adverse events incidence rate between two groups of DFU patients during treatment [n(%)]

DFU, diabetic foot ulcer; VSD, vacuum sealing drainage

Parameter Conventional group (n = 138) VSD group (n = 115) χ2 P

Adverse events incidence rate 28 (20.29%) 11 (9.57%) 5.533 0.019

Bleeding 5 (3.62%) 7 (6.09%)

Increased pain 16 (11.59%) 4 (3.48%)

Local redness and swelling 12 (8.70%) 5 (4.35%)

Table 7  Univariate and multivariate logistic regression analysis of risk factors affecting poor wound healing in DFU patients

DFU, diabetic foot ulcer; VSD, vacuum sealing drainage; DM, diabetes mellitus; ABI, ankle-brachial index; OR, odds ratio; CI, confidence interval

Parameter Univariate analysis Multivariate analysis

P OR 95%CI P OR 95%CI

VSD treatment (vs. conventional treatment) 0.005 0.343 0.159–0.736 0.006 0.350 0.162–0.756

Duration of DM 0.010 1.020 1.012–1.089 0.019 1.040 1.006–1.075

Wagner grade 3 (vs. grade 2) 0.005 2.500 1.332–4.692 0.010 2.200 1.205–4.015

ABI 0.009 0.800 0.680–0.941 0.015 0.820 0.695–0.967

Wound area (before treatment) 0.001 1.100 1.040–1.163 0.005 1.090 1.026–1.158

Table 8  Univariate and multivariate logistic regression analysis of risk factors affecting poor infection control in DFU patients

DFU, diabetic foot ulcer; VSD, vacuum sealing drainage; DM, diabetes mellitus; ABI, ankle-brachial index; OR, odds ratio; CI, confidence interval

Parameter Univariate analysis Multivariate analysis

P OR 95%CI P OR 95%CI

VSD treatment (vs. conventional treatment) 0.003 0.279 0.116–0.671 0.004 0.285 0.118–0.689

Duration of DM 0.050 1.030 1.000–1.061 0.078 1.025 0.997–1.054

Wagner grade 3 (vs. grade 2) 0.011 2.200 1.205–4.015 0.019 2.000 1.120–3.571

ABI 0.048 0.850 0.723–0.996 0.067 0.860 0.732–1.010

Wound area (before treatment) 0.045 1.070 1.000–1.145 0.081 1.060 0.988–1.137
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maceration, a condition where the skin becomes overly 
moist and vulnerable to breakdown. By keeping the 
wound dry and clean, VSD facilitates quicker healing and 
reduces the duration of treatment [14, 23, 24].

Infection control is another area where VSD demon-
strated superior performance. The reduction in infection 
rates in the VSD group can be linked to the mechanical 
effects of negative pressure, which help to clear bacteria 
and other contaminants from the wound. The controlled 
environment created by VSD minimizes the exposure 
of the wound to external pathogens, thereby reducing 
the need for prolonged antibiotic therapy [25, 26]. This 
is particularly beneficial for diabetic patients who are at 
higher risk of developing antibiotic-resistant infections 
due to their compromised immune systems. By minimiz-
ing the duration of antibiotic use, VSD not only reduces 
the risk of resistance but also lowers the potential for side 
effects associated with long-term antibiotic therapy [27]. 
Beyond the effects of negative pressure alone, the con-
tinuous saline irrigation component in our VSD proto-
col may have contributed to the observed outcomes. As 
suggested by recent literature, instillation combined with 
NPWT enhances the removal of necrotic debris and bac-
teria, potentially improving the micro-environment of 
the wound bed more effectively than suction alone [10].

Additionally, the beneficial effects of VSD observed in 
this study may be mechanistically linked to the stimula-
tion of nitric oxide (NO) production. Mechanical stretch 
and shear stress induced by negative pressure have been 
shown to upregulate endothelial NO synthase (eNOS), 
increasing local NO bioavailability. NO plays a pivotal 
role in vasodilation, angiogenesis, collagen synthesis, and 
anti-inflammatory processes, all of which are crucial for 
diabetic wound healing [28, 29]. Our findings of reduced 
inflammatory cytokines and improved healing rates align 
with this NO-mediated pathway.

Pain relief is an essential aspect of DFU management, 
as chronic wounds can cause significant discomfort and 
affect patients’ quality of life. Our results suggest that 
VSD is linked to better pain relief compared to conven-
tional treatments. The mechanism behind this effect 
is likely related to the reduction in wound size and 
improved healing, which directly contributes to less pain. 
The negative pressure applied by VSD may have an anal-
gesic effect by stimulating nerve endings in the wound 
bed, leading to a reduction in pain perception. This dual 
action of promoting healing and providing pain relief 
makes VSD a valuable option for managing DFU [30–32].

The incidence of adverse events was lower in the VSD 
group, indicating that this method is not only effective 
but also safer than conventional treatments. The reduced 
occurrence of complications such as bleeding, increased 
pain, and local redness and swelling suggests that VSD 

minimizes trauma to the surrounding tissues. This is par-
ticularly important in diabetic patients, whose compro-
mised vascular function and impaired healing responses 
make them more susceptible to complications. By reduc-
ing the risk of these adverse events, VSD enhances 
patient safety and improves overall treatment outcomes 
[33, 34].

The logistic regression analysis provides a broader clin-
ical context for our findings. It confirmed VSD as a strong 
independent protective factor for poor wound healing 
and infection control, while also identifying longer diabe-
tes duration, more severe Wagner grade, lower ABI, and 
larger initial wound area as risk factors for poor wound 
healing. This reinforces the concept that DFU manage-
ment is multifaceted. VSD is a powerful adjunctive tool 
that addresses local wound pathophysiology, but its suc-
cess is interdependent with optimal systemic manage-
ment of diabetes, perfusion, and overall patient health.

While most comparisons reached statistical signifi-
cance, the absolute magnitude of the clinical benefits was 
modest. The complete healing rate was 13% higher with 
VSD (NNT = 8). The median healing time was shortened 
by 7 days (from 79 to 72 days)—a reduction of approxi-
mately 11%. The reduction in antibiotic duration was 
about 3 days, and the decrease in VAS pain scores (0.22 
points) was below the MCID. The most clinically relevant 
benefit was the lower incidence of adverse events (9.6% 
vs. 20.3%, NNT≈9). Therefore, while VSD appears to 
offer some advantages, the overall clinical benefit is mod-
est and should not be overstated.

However, recent high-quality evidence suggests a more 
nuanced role for NPWT. A large, multicenter, rand-
omized SWHSI-2 trial published in The Lancet recently 
found no clear evidence that NPWT improved the time 
to wound healing compared to usual care in surgical 
wounds healing by secondary intention, although that 
study was not limited to diabetic foot wounds [14]. Fur-
thermore, a recent randomized non-inferiority trial 
demonstrated that copper oxide-impregnated dressings 
yielded similar healing outcomes to NPWT in diabetic 
wounds, while offering greater convenience and lower 
cost [15]. The discrepancies between our findings and 
these studies may be explained by several factors. First, 
patient selection and wound characteristics differ sig-
nificantly. Our study focused exclusively on DFUs, which 
have unique pathophysiological features such as periph-
eral neuropathy, microvascular disease, and impaired 
cellular response, where the mechanical and biologic 
effects of NPWT (e.g., increased local blood flow, reduc-
tion of edema, and bacterial clearance) might be particu-
larly beneficial. In contrast, the SWHSI-2 trial included 
a broader spectrum of surgical wounds, which may 
have diluted the treatment effect. Second, the control 
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interventions in the comparative trials varied. The non-
inferiority of copper dressings highlights that for certain 
wound types, simpler and more economical modalities 
can achieve comparable results, challenging the neces-
sity of routine NPWT. Therefore, while our study sup-
ports the efficacy of VSD/NPWT in promoting healing in 
DFUs, these recent findings underscore the importance 
of individualized treatment decisions. NPWT should be 
considered as part of a comprehensive DFU management 
plan rather than a universal solution, weighing its clinical 
benefits against cost and convenience on a case-by-case 
basis.

This study has several limitations that need to be 
acknowledged. First and foremost, this was a single-
center, retrospective, non-randomized comparative 
study. The decision to use VSD was based on physician 
discretion, patient preference, and logistical factors, not 
on a predefined protocol. This introduces a high risk of 
confounding by indication. When a sicker or more com-
plex patient receives an advanced therapy, the observed 
outcome may be biased either positively (if the therapy 
works well) or negatively (if uncontrolled severity wors-
ens the outcome). Our baseline comparability on meas-
ured variables does not eliminate this risk. Unlike studies 
that use propensity score matching, although we adjusted 
for known confounders such as the duration of diabetes, 
Wagner grade, ABI, and initial wound area using multi-
variate regression, we cannot entirely rule out the influ-
ence of unmeasured confounders (such as the surgeon’s 
experience, patient compliance with dressing changes, 
and wound bacterial load). Therefore, the results should 
be interpreted as  associations, not as strong evidence 
of VSD’s superiority. Additionally, for adverse events, 
we cannot rule out that the treating physicians system-
atically avoided VSD in wounds they judged to be at 
higher risk of bleeding or pain exacerbation (confound-
ing by contraindication). This could artificially lower the 
event rate in the VSD group and is a major reason why 
no causal safety claims can be made. Second, the study 
only included patients with Wagner grades 2–3, and thus, 
the conclusions cannot be generalized to more severe 
DFU populations. Therefore, the findings of this study 
should be interpreted cautiously, and further valida-
tion through multicenter prospective randomized con-
trolled trials is needed to confirm the efficacy of VSD. 
Third, the VSD intervention protocol in this study was 
not fully standardized: negative pressure values, whether 
to use saline irrigation, and the duration of application 
were all adjusted based on individual patient conditions, 
leading to heterogeneity in the intervention measures. 
We cannot determine which combination of param-
eters is the core driver of VSD benefits. This limitation 
necessitates individualized parameter selection based 

on patient wound characteristics when implementing 
VSD in clinical practice. Future research should include 
dose–response studies with standardized parameters 
to identify the optimal VSD implementation protocol. 
Fourth, the VSD system used in this study differs from 
standard NPWT (without irrigation) in two fundamental 
ways: it uses a central vacuum source (rather than a port-
able pump) and it incorporates continuous saline irriga-
tion. Because our study did not include a control group 
receiving standard NPWT without irrigation, the specific 
contribution of the irrigation component cannot be iso-
lated. Consequently, the findings of this study should not 
be directly generalized to standard NPWT (without irri-
gation) or to other NPWTi systems (e.g., VeraFlo™ with 
intermittent instillation-dwell). Our results apply spe-
cifically to continuous-irrigation VSD as defined above. 
Whether standard NPWT (no irrigation) would pro-
duce similar results remains unknown from this study. 
Fifth,  although baseline comparisons showed no group 
differences in ulcer location and weight-bearing status, 
the potential interaction between VSD and off-loading 
remains unclear. For instance, VSD dressings may pro-
vide additional cushioning to plantar ulcers, indirectly 
enhancing the effects of prescribed off-loading devices 
(e.g., total contact casts). Conversely, if VSD was dis-
proportionately applied to non-weight-bearing ulcers 
(despite balanced baseline proportions), the observed 
healing benefit might be partially attributed to reduced 
mechanical stress rather than negative pressure alone. 
Future studies should explicitly document ulcer location 
and quantify off-loading compliance to isolate the spe-
cific effects of VSD. Sixth, we used ABI as the primary 
non-invasive vascular screening tool. However, ABI is 
known to be unreliable in diabetic patients due to medial 
arterial calcification, which can produce falsely elevated 
values (≥ 1.3) and mask underlying ischemia. Moreover, 
we did not perform more advanced perfusion assess-
ments such as transcutaneous oxygen pressure (TcPO₂) 
or skin perfusion pressure. Therefore, residual differences 
in tissue perfusion between groups cannot be completely 
excluded, even though ABI values were similar. This is an 
important limitation, as compromised perfusion is a key 
determinant of healing failure in DFU. Future prospec-
tive studies should incorporate laser Doppler flowmetry 
or oxygen saturation imaging for more precise perfusion 
assessment. Seventh, the limited sample size resulted in a 
low EPV ratio in the logistic regression model, which may 
increase the risk of overfitting. Therefore, the predictive 
model should be interpreted with caution and validated 
in larger cohorts. Finally, we did not perform a formal 
cost-effectiveness analysis, nor did we collect detailed 
resource utilization data (e.g., nursing time, number of 
dressing changes, outpatient visits) or patient-reported 
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outcomes on convenience, mobility limitation, or treat-
ment burden. Therefore, we cannot comment on the eco-
nomic value or the practical acceptability of VSD relative 
to conventional treatment. This is an important gap, as 
cost and patient convenience are major determinants of 
treatment adoption in routine practice.

Conclusion
In conclusion, this retrospective, single-center, non-
randomized exploratory analysis observed associations 
between the use of a continuous-irrigation VSD proto-
col and modestly improved healing and infection-related 
outcomes in a selected cohort of Wagner grade 2–3 DFU 
patients. However, because of the observational design, 
the non-randomized treatment allocation, and the inher-
ent risk of confounding by indication, these findings can-
not establish causality  and  do not support a general 
recommendation for VSD over conventional treatment. 
The absolute clinical benefits were small—a 13% abso-
lute increase in healing (NNT = 8) and a 7-day reduction 
in median healing time—and must be interpreted in the 
absence of data on cost, patient convenience, mobility 
restriction, or treatment burden. Moreover, the results 
apply strictly to the specific continuous-irrigation VSD 
protocol used at this center and are not generalizable to 
standard NPWT without irrigation or to other NPWT 
with instillation systems. Given these substantial limita-
tions, VSD should be considered only as an individualized 
adjunctive therapy within a multidisciplinary framework, 
with its use carefully weighed against its additional costs 
and patient burden on a case-by-case basis. Firm conclu-
sions regarding its routine clinical application cannot be 
drawn from this study alone, and well-designed prospec-
tive randomized controlled trials are essential to confirm 
these exploratory observations and to identify which 
patient subgroups might derive the most benefit.
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