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Abstract: Background. The macroporous polyurethane ether foam was introduced in the medical field,
as early as the 90 ties, for the Vacuum-assisted closure (V.A.C.) of a wound. We describe our experience
after treating abdominal wound dehiscence in a group of elderly gynecological patients with NPWT
(Negative Pressure Wound Therapy), using ether foam coated with a silver layer. We reviewed elderly
patients chart data that underwent abdominal surgery complicated with wound dehiscence treated with
VAC for eighteen months. In all patients, the system used was the standard GranuFoam Silver™
dressing (different extents), which was usually replaced every 48/72 h. A total of 15 consecutive female
patients were included. The median age was 67.3 (58-71) years. Duration of VAC treatment was median
14.2 (11-34) days, and we saw an improvement in wound repair but also clearance of S.S.1I. on the third
day after applying V.A.C. Ulta™. Definitive secondary closure of the wound was obtained in all patients,
as the infection’s site clearance. The abdominal VAC treatment with GranuFoam Silver™ dressing in
patients with infected abdominal wound dehiscence is safe and has proper patient compliance. The latest
evolution of the silver foam polyether dressing, in conjunction with NPWT therapy, offers a better
antimicrobial effect and shorter healing stage.
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1. Introduction

The Polyether-Based Urethane Polymers are the plastic compounds from the polyurethane ether
foam. It stands out as an open-cell structure foam, penetrable by fluids, and air. The material's
disadvantages are chemical instability, especially on air, if exposed for a significant time, observed as
powdering, blemish, alterations of compression qualities. Ether materials were developed recently,
almost a decade later than ester foams, aiming to answer the need for smoother, more plastic mats,
proving a better reaction to moisture. The ether foams have even surface texture, flat, with a large cell
structure.

The open-cell polyurethane ether foam, with a pore size of 400-600 micrometers, is used in the
medical field, as early as the 90 ties, for the Vacuum-assisted closure (V.A.C.) of a wound [1,2]. The
system utilizes foam shaped according to the size of the injury. An adhesive drape is then fixed over,
with an additional four to six cm margin of healthy skin to enclose. Afterward, a trackpad is set over a
small gap in the adherent tape. An evacuation tube connects the trackpad to an adjustable vacuum pump
and a canister for accumulating discharge fluids [3]. The V.A.C. unit is programmable to generate the
recommended level of pressure (intermittent vs. continuous) as high as 200 mm Hg. Generally, a periodic
cycle (five minutes on, two minutes off) is employed, proving the best results.
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The suction results in a mechanical decrease of the wound's dimensions, enhances angiogenesis,
creates stress within the tissue, determining protein, and matrix molecule synthesis [4].

Nowadays, the method gains larger territories in many surgical fields. In the last decades, the
considerable aging population is afflicted with an inflating number of acute and chronic, poorly healing
wounds, mainly accountable to the rise in obesity, hypertension, and type 2 diabetes. The pathologic
triad is frequently associated with endometrial disturbances in older women, thus explaining the surge
in complex operations. Wounds from complex procedures, radiation therapy, severe infections
insusceptible to antibiotics, magnifies this medicinal problem. For the time being, wounds have turned
into one of the most vivid demands for the health care system worldwide.

Our study aims to describe the results obtained after V.A.C. therapy in a group of elderly
gynecological patients. We depict our experience after treating abdominal wound dehiscence with
NPWT (Negative Pressure Wound Therapy), along with debridement and infection management. In our
lot, we used ether foam coated with a silver layer.

2. Materials and methods
2.1. Patient selection

For this study, we reviewed elderly patients chart data that underwent abdominal surgery complicated
with wound dehiscence. All the patients considered for this study were hospitalized between January
2018 and June 2019 in the Obstetrics and Gynecology Clinic of the Elias Emergency Hospital Bucharest.
We reassessed the records for preoperatory status, age, comorbidities (Table 1), current infections, and
postoperative evolution. All patients were complicated with postoperative extensive wound dehiscence.
The inclusion criteria were full-thickness wound (involving subcutaneous adipose layer down to fascia
without extension to muscles or intra-abdominal cavity). The first choice of treatment was debridement
and classical wound closure. As wound dehiscence relapsed in all cases, the NPWT device was afterword
placed. Surgical site infections were documented, as well as other complications such as seroma,
necrosis.

Table 1. Patient characteristics
No. of patients (n = 15)

Median age 67.3 years (58-71)
Comorbidities
Hypertension 12
Diabetes mellitus 7
Obesity 13

Previous abdominal surgery

Previous surgical complications

We obtained written informed consent from all patients. As we used a ratified method, there were no
ethical oppositions to the study.

2.2. The methodology of VAC® application

The V.A.C. system, in our cases, was applied after surgical debridement and saline solution cleaning
of the wound (Figure 1). In every patient, the foam replacement underwent in the operation room under
general intravenous anesthesia. The open-cell foam was shaped like a snail’s shell to fit the wound's
surface accurately (Figure 2). Thus, after the sealing with adhesive drape, the negative pressure becomes
evenly distributed over the injury. An opening for the suction tube was made in the sealing drape (Figure
3). The tube is then attached to a canister that is connected to a vacuum pump. The vacuum pump uses
pressures of 75 to 125 mmHg with a continuous or intermittent vacuum. For all cases, we used silver-
impregnated foam sponge, recently introduced, for bacteriocide purposes in patients with colonized
wounds [5].
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tube is made in the sealing
drape

The apparatus used was the standard GranuFoam Silver™ dressing (different extents), which was
usually replaced every 48/72 hours (h) (Figure 4). The decision to replace the foam was undertaken
based on the quantity of fluid expelled by the wound (whenever the canister became full). Whenever the
wound’s edges were close enough, we placed some sutures on both ends (Figure 5). The final closing of
the injury was achieved gradually, and the stitches were removed after 21 days. At six months
postoperatively, all patients presented the completion of the normal healing process (Figure 6).

Figure 5. Gradually suture Figure 6. Definitive
the margins of the injury on  aspect of one patient six
both ends months postoperatively

3. Results and discussions

Our study population consisted of 15 female patients who underwent abdominal surgery at Elias
Emergency Hospital, with an average age of 67.3 (58-71) years. The type of incision used for the
laparotomy was lower Pfannenstiel closed with interrupted sutures. 13 out of the 15 patients were obese,
and all of them had other comorbidities. The most frequent, as mentioned in Table 1, were hypertension
and diabetes. Cardiovascular and metabolic diseases can delay the healing process and promote bacterial
infection. The first choice of treatment for these patients was debridement and classical wound closure.
The evolution was unfavorable with wound dehiscence and readmittance, surgical site infections, and
other complications mentioned in Table 2. Our approach in wound management was infection treatment
with wound debridement and placing the V.A.C. system with GranuFoam Silver™ dressing. For every
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patient, we used the equipment assembled by 3M K.C.l. Medical Company.

Table 2. Perioperative characteristics
No. of patients (n = 15)

Inpatient antibiotics 15
Surgical site infection 15
Pluribacterial infection

Seroma
Skin dehiscence 13

Urinary tract infection
Clostridium difficile
Length of hospital stay 14.2 days

Wound dehiscence is a serious surgical complication that affects a significant number of patients with
morbidity and at costs that cannot be ignored. With an increase in mortality, readmission, further surgery,
prolonged hospitalization, and impaired psychosocial wellbeing, these are few of the consequences of
surgical wound dehiscence [6]. The old methods of management, wet to dry dressing changes, closure by
secondary intention in extensive wounds, are now replaced with Negative Pressure Therapy with
Vacuum-Assisted Closure (V.A.C) for a quicker healing method [7], proving better results.

In the field of obstetrics and gynecology, abdominal wound dehiscence has an incidence of 3.6 to 29%
[8]. In our clinic, the overall rate of abdominal dehiscence after obstetrical surgery is null, as, for the
gynecological one, it reaches roughly 3% [9].

Our experience in wound repair using the Vac system ultra with GranuFoam Silver™ dressing showed
promising results. Debridement and closure by secondary intention in obese patients were unsuccessful.
We saw the need for a better approach, NWTP GranuFoam Silver™ dressing was favored as a right
choice in managing a complex post debridement colonized wounds.

Abdominal surgery per lower Pfannenstiel incision is often chosen in our clinic, proving shorter
hospital stay and a faster healing process. Although all patients presented with comorbidities that disrupt
the healing process, one cause of wound dehiscence can be attributed to ischemia. The ischemia of vast
territories in the superior part of the lower Pfannenstiel incision can be explained by the definitive
impairment of the regional capillary venous circulation. Necrosis is a consequence of the upper folding
of tegument, fatty tissue, and aponeurosis to create the necessary space for surgical intervention. This
necrosis imposes the necessity of large excision to obtain a healthy edge, but also raises the problem of
distant margins and tensioned surgical suture. Plus, in obese patients, the abdominal wall folds and often
creates a moist space that impairs the healing process and promotes infection.

The negative pressure from the V.A.C. system, which is applied to the dehiscent wound, is said to
provide a better environment for healing. The suction effect helps remove the interstitial fluid and contract
injury edges to reduce wound size, stimulating angiogenesis and granulation tissue formation, and
improving tissue perfusion [5]. We report similar findings. The decrease of tissue edema, promoted by
pulling out the extracellular fluid, is one step towards healing and reducing bacterial load. The suction
force in the vacuum-assisted closure device is distributed evenly through the foam's pores, thus enhancing
granulation tissue formation [10].

Several studies [10-12] found that all wounds exposed to the macroporous polyurethane foam display
increased vascularity of the area. They propose an asserting effect of the material itself, instead of the
incitement induced by the suction force or mechanical traction on endothelial cells. It is possible that the
physics forces are not able to stimulate endothelial cell proliferation directly. Accordingly, the
polyurethane foam structure in the vacuum-assisted closure device may be decisive for triggering wound
rehabilitation through increased angiogenesis. Other studies [13,14] concluded that the biological
interaction between the foam and the wound base has similarities with a nonspecific foreign body-like
reaction and results from yet unknown pathways. Recent studies [15,16] brought more light to the matter.
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Understanding the role of the wound/foam assemblage is crucial, as, in clinical practice, different
materials are often put between the wound and the foam and may entirely alter the effects on blood vessel
formation. Innovations modifying the translation of mechanical and suction forces, as the pore size,
firmness of the foam, or the magnitude or waveform of the aspiration, have elucidated the theory and lead
to advances in the vacuum-assisted closure device [15,16].

From our, perhaps limited, experience, we advance that foam’s qualities are changing, influenced
maybe by the migrating fluids, the negative pressure, the condensation, and the infection. After three to
five days of staying on the wound site, the foam loses elasticity and compression qualities, changes color,
the surface becomes uneven, and the cell structure appears compact, as Figure 5 shows. These findings
underline the necessity to change the dressing regularly, dictated not only by the volume of fluids
expelled through the tube. Further investigation is beneficial to discover the timeline changes, in peculiar
wound site conditions, on polyether foams.

Granulation tissue development is an essential episode in the initial wound restoration, granting a
provisional platform for revascularization, cell connection, and inner expansion. The V.A.C. combined
with the polyether foam treatment, generates a 2-fold enhance in granulation tissue forming compared
with only an occlusive dressing [2].

Surgical site infection (S.S.1.) presented with isolated E. coli, Klebsiella pneumoniae, Pseudomonas
spp from cultures, and in five cases, the simultaneous presence of two bacterial infections. During
hospitalization, as showed in Table 2, all patients received antibiotics. A tailored antibiotic therapy
corresponding with the results of cultures from the surgical site has the potential to correct patient
treatment. Further prospective studies are needed to solve the problem. Throughout their stay, we had
four cases complicated with Clostridium difficile, which prolonged their admission, treated with
Vancomycine [17]. In all four patients diagnosed with urinary tract infections, antibiotics therapy was
instituted in accordance with their uroculture [18]. Management for abdominal wound dehiscence was
debridement and applying NPWT with the V.A.C. system. On average, the dressing was changed five
times during hospitalization, with no notable skin complications associated with V.A.C. Ulta™.

During an average stay of 14.2 (11-34) days, we saw an improvement in wound repair but also
clearance of S.S.1. on the third day after applying V.A.C. Ulta™.

The use of the silver foam dressing GranuFoam Silver™, along with NPWT therapy, offers a better
antimicrobial effect and quicker healing phase. Apart from the already proven improvement of
vascularization, V.A.C. induces other changes. The foam releases nontoxic levels of silver, has optimal
wound conformability, promotes the removal of exudate, thus decreasing bacterial colonization [19].

Another decisive factor in using the V.A.C. System Ultra with GranuFoam Silver™ dressing is that
the foam should be evenly distributed to the entire surface of the wound to reduce the areas where bacteria
can proliferate. The bacteriocide effect of the sponge is due to the mechanism of the silver ions in
inhibiting cellular respiration, denaturing nucleic acids, and altering cellular membrane permeability and
is maximized when there is full coverage of the wound [19].

With bacteria increasing the production of degradative enzymes, managing to disrupt healing and
weaken wound tissues, we identified all cases with S.S.1. on readmittance [20]. Although we could not
determine if the infection was present before dehiscence, for sure, all patients hospitalized proved surgical
site infection by positive cultures. During their stay, all patients received antibiotics as part of infection
management, but also NWTP therapy having an adjuvant role in clearing the infection.

We must take into consideration that the costs of wound care seem to be quite high all over the world.
American Medicare reported in 2014, approximately 131 billion dollars for nonhealing and infected
wounds [21]. The British N.H.S. declared that surgical wounds were the most costly, for about 18.9%—
21.8% of total expenditure on wound care [22]. We agree that, although the initial cost of NPWT was
higher during treatment, the overall worth was reduced. We explain this fact based on the fewer costs
incurred for personnel-related expenses and the shorter duration of hospitalization, treatment, and reduced
readmittance.
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The healing phase is quicker than expected when regular dressings are used in a secondary repairing
process. NWTP therapy makes it possible to monitor the amount and quality of fluids produced by the
wound and to improve patient mobilization, as mobile cans are available for some time. In summary, it
demonstrated to be a highly cost-effective way of managing a complex injury.

Because of this, it is used for a wide range of wound types from acute to chronic, and it is suggested
as the gold standard for abdominal and sternal dehiscent wounds [23,24].

4. Conclusions

We came to the conclusion that NPWT using V.A.C. system ultra with GranuFoam Silver™ dressing
is a safe, effective way to treat infected abdominal wound dehiscence with improvement in the clearance
of S.S.1. after applying polyether foam and no notable skin complications.

Although the system is not cheap, and the polyether foam requires frequent replacing, the overall
financial burden, as well as the patient's compliance, is acceptable for this kind of medical problems.

The development of the silver foam polyether dressing, in conjunction with NPWT therapy, offers a
better antimicrobial effect and shorter healing stage.
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