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ABSTRACT 

Effective wound bed preparation is essential to facilitate subsequent reepithelization by eliminating 

barriers that impede the healing process. These barriers include necrotic tissues, bacterial colonization, 

moisture imbalances, and compromised wound margins. Therefore, achieving optimal ulcer bed 

debridement is critical in addressing these challenges. Traditional methods of wound bed preparation, 

such as scalpel excision, have been the gold standard; however, emerging techniques offer enhanced 

efficiency and safety. These include autolytic, enzymatic, mechanical (negative pressure), biological 

(larvae), and hydrosurgery-based approaches. Despite the promise of these innovative technologies, 

further research with robust experimental designs is needed to build upon initial observations. 

In this context, hydrosurgery systems, like Versajet®, have been in use for over two decades. They 

operate on the Venturi effect principle, with pressurized saline or sterile water passing through a nozzle 

in a handheld device. This pressurization generates a high-speed, cutting fluid (tangential hydrojet) and 

creates localized vacuum forces, effectively removing non-viable tissue by suction and transporting it 

to an external collection system. This review aims to explore the potential of hydrosurgery in wound 

bed preparation and its contribution to improved clinical outcomes. 
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Introduction   

The wound bed should be optimized to allow adequate subsequent reepithelization, which implies 

removing all barriers that prevent or hinder it. These barriers include necrotic tissues, bacterial load, 

moisture imbalance and deterioration of wound margins. Therefore, the optimal debridement of the 

ulcerated bed is crucial for the control of these four barriers.1  

Although the standard procedure for the preparation of the wound bed has been ---and continues to 

be--- debridement by scalpel excision, new techniques have emerged that involve greater efficiency and 

safety, such as autolytic, enzymatic debridement, mechanic with negative pressure, biological with 

larvae and hydrosurgery. However, the evidence with these new technologies is still scarce and needs 

better experimental designs to consolidate previous observations.2  

In that sense, the hydrosurgery system (Versajet®) has been applied for more than 20 years and exerts 

its action based on the Venturi effect principle (special case of Bernoulli's principle). A tangential flow 
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of saline or sterile water flows by pressurization (through a console) to a nozzle located in a handpiece 

(connected to the console by means of a flexible hose).   

This pressurization through the narrow nozzle generates a thin and cutting fluid (tangential hydrojet) 

that is propelled at high speed, also generating a localized vacuum effect due to a decrease in the 

surrounding pressure (Bernoulli principle). The excision is mainly exerted on the non-viable tissue 

whose debridement allows its suction and elimination towards an external collector.3  

The tangential hydrojet system allows the elimination of necrotic and non-viable tissue conveniently 

preserving the maximum underlying dermal layer, with minimal bleeding. Its Venturi effect reduces 

the risk of contamination of the surrounding environment and reduces the bacterial load in the wound 

bed without contamination of the underlying dermal layers. It also allows a more precise debridement 

in areas of difficult debridement with a scalpel.4, 5  

Different SRs have been published to compare the technique of tangential hydrojet with conventional 

debridement with a scalpel each with a defined search strategy according to its primary objective(s). 

The emergence of new reports has allowed more studies to be included for SRs and it is important to 

summarize those SRs that meet sufficient quality criteria. The objective was to determine the 

effectiveness and safety regarding the use of hydrosurgery in the debridement of acute or chronic 

wounds, including burns.  

Method    

Population: adults or children with acute or chronic wounds (including burns). Intervention: 

hydrosurgery or Versajet® system. Comparator: conventional debridement. Results: effectiveness and 

safety.  

The search was carried out in the PUBMED, SCOPUS, OVID and EMBASE databases. The following 

search strategy was applied:  

 (versajet OR tangential hydrosurgery OR hydrosurgery system OR hydrosurgery debridement OR 

hydrodebridement OR hydroscalpels OR "water jet surgery") AND (wound* OR burn* OR wound 

healing)  

LIMITS: Systematic reviews in English or Spanish.  

Selection of SRs  

The selection of articles was developed in two steps: First, the articles identified by the search strategy 

were filtered by reading titles and abstracts that suggested content relevant to our objective. Second, 

the full-text articles selected in the first step were accessed. After its complete reading, it was verified 

that these articles met the selection criteria established for this review.  

Data extraction and management    

RCTs and observational studies included in qualitative/quantitative analyses were selected from each 

SR. The references list of each SR and included study were reviewed in order to identify relevant 

primary studies that had not been filtered by the search strategy.  

Assessment of the methodological quality of SRs   

Only SRs that met 80% of the AMSTAR (Assessment of Multiple Systematic Reviews) criteria were 

selected.6  
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Results    

Five SRs were selected according to the AMSTAR criteria. Two SRs were excluded (Figure 1).1,2 Table 

1 shows the comparison of the five SRs selected for this overview.  

Figure 1: Study flow diagram  

  
Table 1: Characteristics of the selected SRs  

Characteristi
c  

Kakagia 2017  
Edmondson 
2018  

Bekara 2018  Kwa 2019  
Elraiyah 
2016  

Objective  

Analyze 
evidence of  
efficacy, safety 
and CE  

Analyze the 
evidence with 
various 
debridement 
techniques to 
determine if it 
is time to stop 

Compare 3 
technologies for 
wound 
management: 
hydrosurgery 
(Versajet® 
system), 

Review the 
evidence since 
1990 about 
surgical and 
nonsurgical 
debridement 
techniques  

Review the 
evidence 
regarding 
debridement 
techniques 
used in the  
management of  
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considering 
the gold 
standard for 
scalpel 
excision  

ultrasound 
(MIST® device) 
and  
radiofrequency 
ablation  
(Coblation®)  

diabetic foot 
ulcers  

Wound type  Burn wounds  Burn wounds  
Any ulcerated 
wound  

Burn wounds  
Diabetic foot 
ulcers  

Selected RCTs  
Gravante 2007  
Granick 2007 
Hyland 2015  

Gravante 2007  
Hyland 2015  
Rosenberg 
2014  

Caputo 2008 
Liu 2015  

Gravante 2007 
Hyland 2015  

Caputo 2008  

Selected 
observational 
studies  

Cubison 2006  
Duteille 2012  
Irkoren 2014  
Klein 2005  
Matsumura 
2012  
Rennekampff 
2006  
Tenenhaus 
2007  
Gurunluoglu 
2007  

Aniboletti 
2011 (*)  
Duteille 2012  
Kawecky 2015  
Klein 2005  
Matsumura 
2012  
Tenenhaus 
2007  

Gurunluoglu 
2007  
Dillon 2010  
Vanwijck 2010  
Fraccalvieri 
2011  
Sivrioglu 2014  

Tenenhaus 2007  
Kawecky 2015  
Duteille 2012  
Rennekampff 
2006  
Yang 2007  
Cubison 2006  

None  

Comparator 
the RCT  

in  Scalpel 
debridement 
Pulsed wash  

Scalpel 
debridement 
(**)  

Scalpel 
debridement  

Scalpel 
debridement  

Scalpel 
debridement  

Outcomes  

  
  
  

Ease for 
debridement  
Number of  
interventions 
Operating time  
Reepithelizatio
n time  
Post-surgery 
pain  
Adverse events  
Contracture 
rate  
Dermal 
preservation  
Bacterial load  
Infection rate  

Operating 
time  
  
Post-surgery 
pain  
  
Complete  
reepithelizatio
n  
  
Contractures 
at 6 months  

Operating time  
  
Reepithelizatio
n time  
  
Costs  
  
Stable wound 
healing  
  
Bacterial load  

Complete  
reepithelizationtim
e  
  
Complete  
debridement time  
  

Debridement 
time  
  
Reepithelizatio
n time  
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Successful 
grafts  
Cost per 
procedure  

Conclusion  

 

Tangential 
hydrojet 
system allows 
immediate skin 
grafting with 
good results.  
  
It probably 
reduces 
hospital stay.  
  
It is safe and 
costeffective 
for USA and  
UK  

Tangential 
hydrojet 
system shows 
greater 
preservation 
of the dermis 
and, 
potentially, 
with better 
healing in the 
long term.  
  
Similar to the 
comparator in 
the other 
aspects.  
  
Suggests 
changing the 
paradigm of 
considering 
scalpel 
debridement 
as a standard.  

Level B  
recommendatio
n for RCT with a 
tangential 
hydrojet 
system.  
  
Ultrasound 
technique 
shows a 
significant 
reduction in 
reepithelization 
time and a 
shorter surgery 
time.  

Better results 
regarding the need 
for grafts and 
healing quality.  

The tangential 
hydrojet 
system 
significantly 
reduced the 
debridement 
time but 
without major 
difference in 
the 
reepithelizatio
n time of the 
ulcer 
(conclusion 
extrapolated to 
the sub-group 
of diabetic 
ulcer)  

The SR of Kakagia et al 7 aimed to explore the evidence regarding the efficacy, safety and cost-

effectiveness of hydrosurgery (Versajet®) in the management of burn wounds. It rendered a total of 20 

articles, of which 3 were RCTs.810 Of these, two RCTs exclusively included burn injuries8,9 and 1 RCT 

included acute injuries in general (including burns).10  

Edmondson et al 11 reviewed the evidence accumulated with various burn wound debridement 

techniques to determine if it is time to stop considering the gold standard for scalpel excision. His SR 

yielded 18 studies, of which 3 were RCTs8,9,12 that compared the tangential hydrojet system with other 

technologies used as standard in the study center. Bekara et al 13 compared the evidence regarding three 

wound debridement technologies: hydrosurgery, ultrasound and radiofrequency. The analyzed 

outcomes were the number of interventions needed with each technique, intervention-time, time for 
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healing, bacterial load, blood loss and cost-efficiency. The search strategy yielded 7 studies for the 

hydrosurgery technique (255 patients), of which only 2 were RCTs.14,15  

The SR of Kwa et al 16 was proposed to compare the efficiency and safety of all surgical and non-surgical 

techniques (used since 1990) for burn wound debridement. The search strategy yielded 27 articles for 

data extraction and analysis. Eight studies included the technique of hydrosurgery (Versajet®), of 

which two were RCTs.8,9 Elraiyah et al 17 reviewed the evidence regarding the debridement techniques 

used in the management of diabetic foot ulcers. His SR selected one single RCT with the technique of 

hydrosurgery.14  

The SR of Kakagia et al 7 included three RCTs8-10 and other observational studies. In general, at the 

level of RCTs, the use of hydrosurgery showed greater precision than conventional manual scarectomy, 

especially in anatomical areas of difficult contours; however, the healing quality and infection rates 

were similar. One RCT10 concluded that the use of hydrosurgery for wound debridement achieved a 

significant reduction in the average number of surgical interventions, although this conclusion could 

be subject to bias due to the possible heterogeneity of the groups compared.  

At the level of observational studies,18-25 the quality of the evidence is low to moderate and the 

conclusions of some of them are not sufficiently supported by the results report.23 Effectiveness of 

debridement is mainly supported by the evolution of healing and graft success, and not by the biopsy 

study. In other studies, the subsequent evolution of the wound may well have been influenced by the 

use of biological dressings in terms of healing quality, reepithelization time and bacteriology.19,23,21,18,24 

However, other studies reinforce the greater accuracy of hydrodebridement and its ability to preserve 

the dermis.22 Additionally, three studies suggested new techniques of use for hydrodebridement. The 

first, using 0.9% hydrogen peroxide instead of physiological serum;20 the second, using the tangential 

hydrojet for the management of scar tissue overgranulation;18 and the third, in the removal of flanges 

and adhesions of burn bed margins, complementing the debridement with a scalpel or electrocautery.26  

On the safety of the hydrodebridement technique, Kakagia et al reviewed the evidence regarding 

contamination of the surrounding environment by aerosolization of the biological residue debrided by 

the tangential hydrojet. This contamination has been observed in previous evidence.27,28 In this regard, 

several observations determine that the risk of contamination is minimized by the suction effect of the 

tangential hydrojet technology (Venturi effect); however, such conclusions have not been sufficiently 

supported by microbiological methods.4,10,18  

Regarding the economic analysis, the Kakagia’s SR refers to a pair of previous studies that evaluated 

some aspects of cost-effectiveness.9,10 Hyland et al 9 reported that the tangential hydrojet system 

(Versajet®) had an estimated cost of £ 6000 and £ 220-240 for the equipment and handpiece, 

respectively. Although some factors may well compensate for the high cost, such as a reduction in 

hospital stay and the number of surgical interventions, there is still a need for more evidence from RCTs 

to define well the magnitude of cost-effectiveness. For its part, Granick et al10 estimated a significant 

reduction in the number of surgical interventions with the use of the tangential hydrojet system (1.9 vs 

1.2), calculating a net cost saving of US $ 1900 per patient. However, with respect to the USA and the 

UK, such estimates may not be extrapolated to other realities with large differences in their health 
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systems. The SR of Edmondson et al 11 analyzes the evidence regarding three debridement technologies 

used in the management of burn wounds: scalpel, hydrosurgery and enzymatic. It included three 

RCTs9,10,12 regarding the tangential hydrojet system, and it also included observational 

studies.19,21,22,24,29,30   

The authors concluded that the scalpel debridement method should be considered as a standard 

reference technology for the management of burn wounds and other technologies ---such as 

debridement by hydrosurgery or enzymatic debridement--- have accumulated enough evidence to 

position themselves as technologies with better performance regarding the preservation of the dermis, 

reduction of healing time and the need for grafts, in addition to providing better healing quality.  

The SR of Bekara et al 13 compared three technologies for wound management: hydrosurgery 

(Versajet® system), ultrasound (MIST® device) and plasma-mediated radiofrequency ablation 

(Coblation®). Regarding  

hydrosurgery, seven studies were analyzed,14,15,25,31,32,33,34 within which two RCTs14,15 and several case 

reports31,32,34 were included. 86.3% of patients (220/255) needed one single hydrosurgical procedure. 

The authors of this SR report that the benefit of the tangential hydrojet system, in terms of reduction 

of bacterial load, is well recognized despite the fact that there are reports that failed to demonstrate this 

benefitobjectively.15 Similarly, they recommend limiting its use in hemorrhagic wounds because the 

Venturi system can negatively affect the local coagulation process (authors' own experience).  

Kwa et al 16 developed a SR whose objective was to provide a complete review (since 1990) of surgical 

and nonsurgical debridement techniques regarding efficiency and safety in burned patients. He 

analyzed 27 articles for the following debridement techniques: 1) conventional scalpel excision, 2) 

hydrosurgery, 3) enzymatic debridement, and 4) ultrasound shock waves. The primary results defined 

in the protocol were time to achieve complete healing and time to achieve complete debridement.  

Regarding the hydrosurgery technique (tangential hydrojet), the SR of Kwa et al selected two RCTs8,9 

and six observational studies.18,19,23,24,30,35 With conventional debridement as a comparator (scalpel 

excision), one RCT reported a complete healing time of 11 (SD=2) and 13 (SD=2) days for tangential 

and scalpel hydrojet debridement, respectively.8 Another RCT reported for the same outcome 32.6 (18-

64) and 30.4 (16-70) days, respectively.9 Additionally, 3/6 observational studies reported a complete 

healing time between 11.8 and 13.4 days.18,19,24 Additionally, a comparative RCT reported a time to 

achieve complete debridement of 9 (SD=3) and 10 (SD=3) days with the tangential and scalpel hydrojet 

technique, respectively.8 Regarding this last outcome, 4/6 observational studies reported a time 

between 4.4 and 23 days.19,23,30,35  

Elraiyah et al 17 reported the efficacy of several debridement techniques for diabetic foot ulcers, and 

found no significant difference between the techniques compared. The authors warn of the poor quality 

of the studies analyzed and suggest basing the use of one technique or another in relation to the 

surgeon's experience, patient preferences, clinical context and costs. For the tangential hydrojet 

technique, this SR selected one single RCT14 which included in its cohort 22 patients diagnosed with 

diabetic ulcer (diabetic foot). In its global cohort (including all types of ulcers), Caputo et al 14 concluded 

that the tangential hydrojet system significantly reduced the debridement time but without major 
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difference in the reepithelization time of the ulcer with respect to conventional debridement with 

scalpel. He did not report results in the diabetic foot subgroup.  

Discussion   

In burn wounds, the hydrosurgery system (tangential hydrojet) seems to decrease the number of 

surgical interventions (debridements) as well as favoring a greater preservation of the underlying 

dermis and precision of debridement at the level of difficult contours. However, the evidence should be 

considered of low consistency due to the scarce of RCTs, the low statistical power and the moderate risk 

of bias in study designs. We consider a low risk of bias in this overview of SRs because recommendations 

about selection and peer-review analyses were followed.  

The studies support the applicability of the tangential hydrojet system in burn wounds for optimal 

debridement. Although the risk of contamination of the environment close to the procedure seems 

negligible due to the Venturi effect of suction of debrided tissues it will be important to generate 

experimental evidence with sufficient microbiological methods to support the absence of cross 

contamination.  

For its part, the National Institute for Health and Care Excellence (NICE)36 reported its technology 

assessment according to the analysis of an external evaluation institution (Medtech). This independent 

SR selected 6 RCTs,8,14,15,29,37,38 of which 3 were performed in burn wounds and 3 in chronic wounds. 

Likewise, it incorporated the analysis of 3 comparative observational studies.10,39,40 The SR concluded 

that the tangential hydrojet system takes the same time for wound debridement as comparators.   

However, the authors recognize that at the time of the SR, a large part of the included studies (4 RCTs 

and 1 observational trial) were Abstracts or Posters presented at scientific meetings,15,29,37,38,40 so they 

warn that the conclusions are weak because such presentations do not always correlate well with the 

final results published after a peer review. It is important to note that the NICE 2014 analysis has not 

yet been updated and suffers from the lack of selection of studies analyzed in other SRs8,9,12,14 and from 

the published versions of some previous abstracts/posters.15,38,39  

For the tangential hydrojet technique, the SR of Elraiyah et al selected one single RCT14 which included 

in its cohort 22 patients diagnosed with diabetic ulcer (diabetic foot). Although suchRCT reported the 

results for its total cohort (which included ulcers of different etiology) the extrapolation is valid for the 

diabetic ulcer subgroup, which represented 53.6% of its total cohort. In reinforcement of this 

conclusion, Hong et al 41 in a non-comparative pilot trial of 15 patients with diabetic foot ulcer observed 

satisfactory healing with tangential hydrojet debridement for their total cases.  

Regarding trauma injuries, Oosthuizen et al 42 developed one RCT in tibial fracture open wounds (grade 

III-A and II-B of the Gustilo & Anderson classification). The objective was to compare the tangential 

hydrojet system with conventional surgery. The primary outcome was the total number of 

debridements until the wound was closed. Forty patients were recruited, of which 16 received tangential 

hydrosurgery and 24 received standard surgical debridement. The authors observed significant 

evidence to conclude that patients treated with the Versajet® system required fewer debridement 

procedures (standard surgery/Versajet® ratio = 1.747 p<0.001). On the other hand, the median time 
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to wound closure was 3 days (IC95: 3-5 days) for the Versajet® system and 5 days (IC95: 4-8 days) for 

conventional surgery (p= 0.275).  

Although experimental level studies (RCTs) are still scarce, the cumulative observational data (for burn 

wounds) provides epidemiological consistency to assume greater precision in debridement with better 

wound evolution. It is worth noting that some trials of this type (observational or quasi-experimental) 

have not been incorporated into any of the 5 selected SRs despite meeting good quality criteria. Such is 

the case of the retrospective study by Legemate et al, 43 who reported the results of a large cohort of 

2,113 burn patients, where 23.9% were treated with hydrosurgical debridement (Versajet®), 47.7% with 

conventional scalpel debridement or a combination of both techniques (28.3%). The authors observed 

some independent predictors of good response with the Versajet® system such as: young age, 

ulceration, higher percentage of burned area, head and/or neck burns, arm burns and irregular contour 

burns. Currently, this team of researchers is conducting a comparative RCT 

(http://www.trialregister.nl, NTR6232) between hydrosurgery and scalpel debridement to compare the 

quality of healing in burn patients.  

Although the evidence is more numerous in the case of burn injuries, the results observed for other 

types of injury are similar for the hydrosurgery system; therefore, extrapolation of such results is 

plausible. However, the quality of evidence (low-moderate) makes it necessary to accumulate more 

studies with experimental design to consolidate these preliminary conclusions.    

Conclusion  

The use of hydrosurgery for the debridement of a wound could be associated with a reduction in the 

average number of surgical interventions and hospital stay, which would compensate in the medium 

term for high costs per patient (associated with the use of equipment and handpieces). However, this 

conclusion could be subject to bias due to the heterogeneity of the studies.  

  

Further studies with experimental design and greater statistical power are necessary to consolidate the 

results of this review.  
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