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Abstract 

Vacuum-Assisted Closure (VAC) therapy, also referred to as Negative Pressure Wound Therapy 

(NPWT), has emerged as a pivotal innovation in the management of complex wounds, offering an 

alternative to conventional dressing methods. The principle of VAC therapy involves the application 

of controlled sub-atmospheric pressure to the wound bed, promoting microdeformation, enhancing 

angiogenesis, reducing edema, and facilitating effective exudate management (Banwell & Téot, 

2003). Over the past two decades, a growing body of clinical evidence has highlighted its efficacy in 

accelerating wound healing rates, reducing bacterial load, and improving patient comfort and overall 

outcomes (Argenta & Morykwas, 1997). 

Studies demonstrate that VAC therapy can significantly shorten healing time in acute and chronic 

wounds, reduce surgical site infections, and decrease hospital stay duration, thereby contributing to 

improved cost-effectiveness in wound care (Blume et al., 2008; Vuerstaek et al., 2006). Its versatility 

across diverse wound etiologies—including traumatic injuries, diabetic foot ulcers, pressure sores, 

and post-surgical wounds—has reinforced its role in evidence-based clinical practice. However, 

limitations such as cost, contraindications, and potential adverse events necessitate careful patient 

selection and standardized protocol adherence to optimize outcomes. 

This review synthesizes current evidence on the mechanisms, indications, comparative effectiveness, 

clinical outcomes, and future directions of VAC therapy, aiming to provide clinicians and researchers 

with a comprehensive understanding of its therapeutic potential and limitations in the context of 

complex wound management. 
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2. Introduction 

Background on Complex Wounds 

Complex wounds are defined as wounds that fail to progress through the normal phases of healing in 

a timely manner or present with complications that require advanced management strategies 

(Lindholm & Searle, 2016). They typically arise from multiple etiologies, including traumatic 

injuries, post-surgical complications, diabetic foot ulcers, venous leg ulcers, and pressure sores. Such 

wounds often involve significant tissue loss, irregular wound margins, high exudate production, and 

exposure of underlying structures, making them prone to chronicity and complications. The global 

prevalence of complex wounds has been increasing in parallel with the aging population and the rising 

burden of comorbidities such as diabetes and vascular diseases (Lindholm & Searle, 2016). 

 

Challenges in Healing 

The management of complex wounds is complicated by several biological and systemic factors that 

impede tissue regeneration. Poor vascularity limits oxygen and nutrient delivery, slowing down 

fibroblast activity and collagen deposition (Frykberg & Banks, 2015). Persistent infection, often with 

biofilm-forming pathogens, further delays healing and increases the risk of systemic spread. 

Additionally, excessive exudate can lead to maceration of the peri-wound skin, while inadequate 

exudate control can create an environment conducive to bacterial proliferation (Frykberg & Banks, 

2015). These challenges necessitate wound care approaches that go beyond basic dressings, offering 

both infection control and an optimized healing environment. 

 

Emergence of VAC Therapy 

Vacuum-Assisted Closure (VAC) therapy, also known as Negative Pressure Wound Therapy 

(NPWT), was introduced in the late 1990s as a novel approach to enhance wound healing through 

controlled application of sub-atmospheric pressure (Morykwas et al., 1997). The therapy involves 

placing a foam or gauze dressing within the wound cavity, sealing it with an adhesive drape, and 

applying continuous or intermittent negative pressure via a vacuum pump. This mechanical stimulus 

induces microdeformation of the wound bed, promoting angiogenesis, granulation tissue formation, 

and removal of excess exudate. Initially developed for use in complex traumatic wounds, VAC 

therapy has since been widely adopted globally across multiple wound types, supported by a growing 

evidence base of clinical efficacy (Morykwas et al., 1997). 

 

Purpose of the Review 

The purpose of this review is to critically evaluate the current clinical evidence regarding the efficacy 

of VAC therapy in the management of complex wounds. It aims to synthesize research findings on 

its mechanisms, clinical indications, comparative effectiveness against conventional dressings, and 

impact on patient outcomes. Furthermore, the review will highlight limitations, potential adverse 

effects, and future research directions to guide clinicians and policymakers in making evidence-based 

decisions regarding the integration of VAC therapy into advanced wound care protocols. 

 

3. Principles and Mechanism of VAC Therapy 

Negative Pressure Mechanism 

The therapeutic effect of Vacuum-Assisted Closure (VAC) therapy is primarily achieved through the 

application of controlled negative pressure to the wound bed. This pressure induces micro-

deformation at the cellular level, where individual cells are mechanically stretched, stimulating 

cytoskeletal reorganization and promoting cell proliferation (Schintler, 2012). At the tissue level, 

macro-deformation occurs as the wound edges are drawn together, reducing the wound size and 
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facilitating closure. The suction also aids in edema reduction by removing interstitial fluid, thereby 

decreasing tissue pressure and improving microcirculatory blood flow. Furthermore, the mechanical 

forces stimulate angiogenesis, increasing the formation of new capillaries and enhancing oxygen and 

nutrient delivery to the wound site (Schintler, 2012). 

 

Exudate Management and Moist Healing Environment 

An essential aspect of VAC therapy is its ability to manage wound exudate efficiently while 

maintaining a balanced moist healing environment (Orgill & Bayer, 2013). Excess fluid is 

continuously removed from the wound surface, preventing maceration of the surrounding skin. At 

the same time, the closed dressing system minimizes moisture loss, creating conditions conducive to 

keratinocyte migration and fibroblast activity. This balance between moisture retention and exudate 

removal accelerates granulation tissue formation and epithelialization, thereby enhancing the wound 

healing process (Orgill & Bayer, 2013). 

 

Impact on Bacterial Load 

In addition to its mechanical benefits, VAC therapy plays a role in reducing the wound’s bacterial 

burden. Continuous negative pressure removes exudate containing bacteria and inflammatory 

mediators, thereby lowering local infection risk (Mouës et al., 2004). Although VAC therapy does 

not replace systemic antibiotic therapy, studies have demonstrated significant decreases in bacterial 

counts within the wound bed when compared to conventional dressings. This reduction in bacterial 

load can improve the wound’s responsiveness to other therapeutic interventions and reduce the 

likelihood of systemic infections (Mouës et al., 2004). 

 

Device Components 

A standard VAC therapy system comprises four key components: 

1. Dressing Materials – Typically an open-cell polyurethane foam or a gauze interface that conforms 

to the wound cavity, ensuring uniform distribution of negative pressure. 

2. Tubing – Embedded within or connected to the dressing to channel exudate away from the wound. 

3. Canister – A sealed container for collecting exudate, often fitted with an antimicrobial filter to 

reduce contamination risks. 

4. Pressure Settings – Adjustable levels of negative pressure, generally between –50 mmHg to –125 

mmHg for most applications, which can be applied continuously or intermittently depending on the 

wound type and patient tolerance (Schintler, 2012; Orgill & Bayer, 2013). 

 

4. Indications and Contraindications 

Indications 

Vacuum-Assisted Closure (VAC) therapy has been widely adopted for the management of various 

acute and chronic wounds where enhanced healing is desired. Acute traumatic wounds—such as 

those resulting from motor vehicle accidents or crush injuries—benefit from VAC therapy’s ability 

to promote rapid granulation tissue formation and reduce edema (Gabriel et al., 2008). In post-

surgical wounds, especially those with dehiscence or at risk of infection, VAC therapy can aid in 

controlling exudate and minimizing bacterial colonization, thereby reducing surgical site infection 

rates (Gabriel et al., 2008). 

It is also indicated in the treatment of diabetic foot ulcers, where compromised microcirculation and 

neuropathy hinder healing. VAC therapy supports tissue perfusion and facilitates wound closure in 

these high-risk patients (Gabriel et al., 2008). Pressure ulcers, particularly stage III and IV lesions, 

have shown improved healing outcomes with negative pressure by reducing local inflammation and 

stimulating capillary growth. Additionally, VAC therapy is commonly used for skin graft fixation, 

where it enhances graft adherence, prevents fluid accumulation beneath the graft, and reduces the risk 

of graft loss (Gabriel et al., 2008). 
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Contraindications 

Despite its broad utility, VAC therapy is contraindicated in certain clinical situations. Wounds with 

untreated osteomyelitis should not undergo VAC therapy until the infection is addressed, as the 

therapy may exacerbate bacterial spread (NICE, 2019). The presence of malignancy in the wound 

bed is also a contraindication due to the theoretical risk of stimulating tumor growth under mechanical 

forces (NICE, 2019). 

Similarly, necrotic tissue with eschar must be debrided before initiating VAC therapy to ensure 

adequate wound bed preparation and prevent trapping of devitalized tissue. Unexplored fistulas—

especially those connected to internal organs—pose significant risks, as VAC therapy could worsen 

fistula drainage or cause injury to underlying structures (NICE, 2019). 

Appropriate patient selection, thorough wound assessment, and adherence to clinical guidelines are 

therefore critical in maximizing the benefits of VAC therapy while minimizing potential risks. 

 

5. Comparative Effectiveness 

VAC vs. Conventional Dressings 

Multiple clinical trials and observational studies have demonstrated that Vacuum-Assisted Closure 

(VAC) therapy outperforms conventional moist wound dressings in terms of healing rates, infection 

control, and overall cost-effectiveness. In a multicenter randomized controlled trial involving diabetic 

foot ulcers, VAC therapy significantly increased the proportion of wounds achieving complete 

closure within 16 weeks compared to advanced moist wound therapy (43.2% vs. 28.9%) (Blume et 

al., 2008). Additionally, VAC therapy reduced the mean time to closure and lowered infection rates 

by facilitating continuous exudate removal and decreasing bacterial colonization (Blume et al., 2008). 

Although the upfront cost of VAC devices is higher, reduced hospitalization time and faster wound 

closure contribute to long-term cost savings for healthcare systems. 

 

VAC vs. Advanced Dressings 

When compared to advanced dressings such as hydrocolloid and alginate, VAC therapy has shown 

superior performance in promoting granulation tissue formation and achieving faster wound closure. 

A meta-analysis of randomized controlled trials found that VAC therapy led to significantly shorter 

healing times and higher closure rates for diabetic foot ulcers than hydrocolloid or alginate dressings 

(Liu et al., 2017). Furthermore, VAC therapy demonstrated greater effectiveness in managing high-

exudate wounds due to its continuous suction mechanism, whereas advanced dressings often require 

frequent changes in heavily exudating wounds, potentially disrupting the healing environment (Liu 

et al., 2017). 

 

VAC in Surgical Site Infection Prevention 

In the context of surgical site infection (SSI) prevention, VAC therapy has been effectively used in 

orthopedic and abdominal surgery settings, particularly for high-risk incisions. A prospective study 

in elective orthopedic surgery patients found that prophylactic application of VAC dressings reduced 

SSI incidence from 10% to 4% compared to standard dressings, with the added benefit of improved 

patient comfort and mobility (Karlakki et al., 2016). Similarly, in abdominal surgery, VAC therapy 

applied to closed incisions in high-risk patients resulted in fewer wound complications, better exudate 

control, and reduced need for reoperation (Karlakki et al., 2016). 

Overall, evidence suggests that VAC therapy offers substantial advantages over both conventional 

and advanced dressing techniques in terms of healing efficiency, infection prevention, and long-term 

economic benefits, particularly in complex or high-risk wound cases. 

 

6. Clinical Outcomes 

Healing Time Reduction 

One of the most consistently reported benefits of Vacuum-Assisted Closure (VAC) therapy is the 

reduction in overall healing time compared to conventional wound care methods. Early experimental 
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and clinical work demonstrated that the application of negative pressure accelerates granulation tissue 

formation and epithelialization, resulting in faster wound closure (Morykwas et al., 1997). By 

promoting angiogenesis, reducing edema, and removing inhibitory wound exudate, VAC therapy 

creates optimal conditions for tissue repair, significantly shortening the duration required to achieve 

closure in both acute and chronic wounds (Morykwas et al., 1997). 

 

Pain and Quality of Life Improvement 

Beyond physical healing, VAC therapy can positively influence patient comfort and quality of life. 

A randomized controlled trial comparing VAC therapy to modern dressings for chronic leg ulcers 

reported that patients in the VAC group experienced reduced pain intensity, especially during 

dressing changes, due to less frequent disturbance of the wound bed (Vuerstaek et al., 2006). 

Furthermore, improvements in mobility, sleep quality, and psychological well-being were noted, as 

patients were less burdened by odor, leakage, and bulky dressings (Vuerstaek et al., 2006). 

Reduction in Hospital Stay 

VAC therapy has also been linked to decreased hospitalization durations, primarily due to faster 

wound healing and reduced incidence of complications. In a multicenter study on diabetic foot ulcers, 

patients receiving VAC therapy required fewer inpatient days compared to those treated with 

advanced moist wound therapy, translating into substantial cost savings for healthcare facilities 

(Apelqvist et al., 2008). This reduction in hospital stay not only benefits healthcare systems but also 

minimizes patient exposure to hospital-acquired infections and facilitates earlier return to daily 

activities (Apelqvist et al., 2008). 

 

Recurrence and Long-Term Outcomes 

While short-term benefits of VAC therapy are well-documented, evidence regarding recurrence and 

long-term wound outcomes is growing. In a series examining patients with multiple comorbidities, 

VAC therapy demonstrated lower recurrence rates within 12 months post-closure compared to 

conventional care, likely due to more robust granulation tissue and improved wound edge 

approximation (Gabriel et al., 2008). These findings suggest that VAC therapy not only supports 

immediate wound closure but may also contribute to more durable healing over time (Gabriel et al., 

2008). 

 

7. Variations and Innovations in VAC Therapy 

Instillation Therapy (NPWTi) for Irrigation and Infection Control 

An important advancement in negative pressure wound therapy is Negative Pressure Wound 

Therapy with Instillation (NPWTi), which integrates intermittent irrigation of the wound bed with 

topical antimicrobial or antiseptic solutions during VAC therapy cycles. This method has been shown 

to enhance biofilm disruption, reduce bacterial load, and accelerate wound bed preparation for closure 

or grafting (Kim et al., 2013). In clinical practice, NPWTi has demonstrated particular value in 

managing infected or heavily contaminated wounds, especially in trauma and post-surgical settings 

where standard VAC therapy alone may be insufficient (Kim et al., 2013). 

 

Portable and Disposable NPWT Devices 

Technological advancements have led to the development of portable and disposable NPWT 

systems designed to improve patient mobility, comfort, and accessibility. These devices are smaller, 

battery-operated, and often single-use, making them suitable for outpatient and home care 

environments (Cowan et al., 2012). By reducing the dependency on hospital-based VAC units, 

portable NPWT has facilitated earlier hospital discharge and continuity of wound management in 

low-resource or rural settings. Studies have also reported improved patient compliance and 

satisfaction with portable systems due to their lightweight design and discreet appearance (Cowan et 

al., 2012). 
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Pressure Modulation Techniques and Dressing Material Innovations 

Refinements in VAC therapy have also included pressure modulation techniques, which involve 

adjusting negative pressure cycles (continuous, intermittent, or variable modes) to optimize tissue 

response and patient tolerance. Intermittent pressure has been associated with increased granulation 

tissue formation, while continuous pressure may be preferred for highly exudative wounds (Schintler, 

2012). Additionally, innovations in dressing materials—such as silver-impregnated foams for 

antimicrobial action, hydrophilic dressings for enhanced fluid handling, and foam-gauze hybrids for 

improved wound conformity—have expanded the versatility of VAC therapy across a broader 

spectrum of wound types and patient needs (Orgill & Bayer, 2013). 

 

8. Limitations and Adverse Effects 

Skin Irritation and Allergic Reactions 

One of the more common complications associated with Vacuum-Assisted Closure (VAC) therapy is 

skin irritation resulting from prolonged contact with adhesive drapes. This can manifest as erythema, 

itching, or epidermal stripping, particularly in patients with fragile skin (Kairinos et al., 2014). 

Additionally, allergic reactions to dressing components, such as adhesives or foam materials, can 

occur, necessitating the use of hypoallergenic alternatives. Preventive strategies, including the 

application of protective barrier films, can help mitigate these reactions (Kairinos et al., 2014). 

 

Bleeding Risks in Fragile Vessels 

In wounds with exposed or fragile blood vessels, VAC therapy may increase the risk of bleeding, 

especially if the foam comes into direct contact with vascular structures (Weinfeld et al., 2005). This 

complication is particularly concerning in patients on anticoagulant therapy or those with 

coagulopathies. To minimize this risk, non-adherent dressings or protective layers can be placed 

between the foam and delicate tissues, and pressure settings should be carefully adjusted (Weinfeld 

et al., 2005). 

 

Cost and Accessibility Issues in Low-Resource Settings 

While VAC therapy has demonstrated clinical effectiveness, cost remains a significant barrier to its 

widespread adoption, particularly in low-resource healthcare settings. The high price of devices, 

consumables, and maintenance can limit access for patients in public healthcare systems (Lindholm 

& Searle, 2016). Although low-cost and improvised NPWT systems have been explored, these often 

lack standardized safety and efficacy validation. Addressing this gap requires policy-level 

interventions, local manufacturing, and cost-reduction strategies (Lindholm & Searle, 2016). 

 

Evidence Gaps in Pediatric and Oncology Wounds 

Despite growing evidence supporting VAC therapy in adult populations, research remains limited 

for its use in pediatric and oncology-related wounds. Concerns in pediatric cases include the potential 

impact of negative pressure on developing tissues and difficulties in securing dressings to smaller 

anatomical areas. In oncology wounds, there is ongoing debate regarding the theoretical risk of 

stimulating tumor growth due to mechanical forces, leading to caution and limited clinical adoption 

in this subgroup (Kairinos et al., 2014). Robust clinical trials are needed to address these gaps and 

establish evidence-based guidelines for these special populations. 

 

9. Future Directions 

Integration with Telemedicine and Remote Monitoring 

The future of Vacuum-Assisted Closure (VAC) therapy is likely to involve integration with 

telemedicine platforms and remote wound monitoring technologies. Digital sensors embedded in 

VAC devices can track pressure levels, exudate volume, and dressing integrity in real time, 

transmitting data to clinicians for proactive intervention (Schlatterer et al., 2015). This approach can 
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improve compliance, reduce unnecessary hospital visits, and extend access to advanced wound care 

in remote or underserved regions (Schlatterer et al., 2015). 

 

Use with Growth Factors, Stem Cells, and Skin Substitutes 

Combining VAC therapy with bioactive wound healing agents such as growth factors, stem cells, 

and bioengineered skin substitutes offers a promising avenue for enhancing tissue regeneration. The 

mechanical stimulation from negative pressure can improve cellular uptake and distribution of these 

agents within the wound bed, potentially accelerating closure in complex or non-healing wounds 

(Saxena et al., 2004). Early experimental work has shown synergistic effects, but large-scale clinical 

trials are needed to confirm safety, efficacy, and cost-effectiveness (Saxena et al., 2004). 

 

Long-Term Cost-Benefit Analyses in Public Healthcare Systems 

While short-term cost savings from reduced hospitalization and faster healing are well-documented, 

there is a need for comprehensive long-term cost-benefit analyses to evaluate VAC therapy’s 

economic impact on public healthcare systems. Such studies should factor in recurrence rates, patient 

quality of life improvements, reduced reoperations, and the potential for avoiding more invasive 

interventions. This data will be critical for policymakers when allocating resources for wound care 

programs. 

 

Standardization of Protocols Across Wound Types and Patient Populations 

Current clinical practice for VAC therapy varies widely in terms of pressure settings, dressing change 

intervals, and adjunctive treatments. The absence of universal standardized protocols can lead to 

inconsistent outcomes across healthcare settings. Developing evidence-based guidelines tailored to 

different wound types—such as diabetic foot ulcers, pressure ulcers, and post-surgical wounds—and 

specific patient populations, including pediatrics and oncology, will help optimize therapeutic results 

and safety profiles (Schlatterer et al., 2015). 

 

10. Conclusion 

Vacuum-Assisted Closure (VAC) therapy has emerged as a transformative modality in the 

management of complex wounds, supported by a robust body of evidence demonstrating its ability to 

accelerate healing, reduce infection rates, and improve patient outcomes across diverse wound types 

(Morykwas et al., 1997; Blume et al., 2008). Its mechanisms—ranging from microdeformation-

induced angiogenesis to efficient exudate control—address many of the physiological challenges that 

impede healing in chronic and acute wounds. Comparative studies consistently show VAC therapy’s 

superiority over conventional dressings and, in many cases, over other advanced wound care products 

in terms of healing efficiency and cost-effectiveness (Liu et al., 2017; Karlakki et al., 2016). 

From a clinical decision-making perspective, successful implementation of VAC therapy hinges on 

appropriate patient selection, meticulous wound assessment, and adherence to standardized 

protocols. Training for healthcare professionals in device application, pressure optimization, and 

complication management is essential to maximize therapeutic benefits and minimize risks such as 

bleeding, skin irritation, and device-related failures (Kairinos et al., 2014). 

Despite its demonstrated efficacy, significant evidence gaps remain, particularly regarding its use in 

pediatric and oncology-related wounds, as well as the long-term impact on recurrence rates and 

quality of life. Addressing these gaps requires multicenter, high-quality randomized controlled 

trials with standardized outcome measures and sufficient follow-up periods to evaluate both clinical 

and economic outcomes (Schlatterer et al., 2015). 

In conclusion, while VAC therapy represents a major advance in complex wound care, its optimal 

integration into routine practice demands evidence-based guidelines, cost-accessibility strategies, and 

ongoing innovation to broaden its applicability and ensure equitable access for patients worldwide. 
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