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CAN DIFFERENT TYPE OF THE PRESSURE ULCERS DEBRIDEMENT AFFECT OXIDATIVE STRESS PARAMETERS?
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Can diff erent type of the pressure ulcers 
debridement aff ect oxidative stress parameters?

Ovlivní typ nekrektomie dekubitů parametry 

oxidativního stresu?

Abstract
Wound debridement is one of the crucial steps in wound bed preparation for surgical closure. 

Various debridement forms and tools can be employed. Aim: The prospective case series 

study aimed to compare the impact of two diff erent types of debridement on oxidative stress 

parameters. Material and methods: This study included fi ve patients with pressure ulcers of deep 

category various localisation. The wound was divided into halves. In one, the sharp debridement 

was performed, in the second Hydrosurgery Versajet® debridement was accomplished. Tissue, 

blood and urine samples were collected on days 0 and 7 after the surgery. Histopathological 

evaluation in tissue samples was performed. Oxidative stress parameters in plasma and urine were 

evaluated. Results: Diff erences in quality and quantity of granulation tissue between two types of 

debridement were found. An insignifi cant decrease of oxidative stress markers in blood plasma and 

urine 7 days after surgery were observed. Conclusions: Preliminary and pilot results suggest that the 

wound healing process is closely associated with markers of oxidative stress that are measurable 

in blood plasma and urine. These could be indicative of the healing process. A nonsignifi cant 

decrease was observed for all oxidative stress parameters on day 7 after the surgery. The pilot study 

will be followed by a detailed molecular bio logical analysis of tissue samples.

Souhrn
Debridement je jedním z nejdůležitějších kroků k přípravě rány před chirurgickým úzávěrem, který 

může být proveden v různých formách a různými nástroji. Cíl: Cílem prospektivní případové studie 

bylo porovnat vliv dvou různých typů debridementu (nekrektomie) na parametry oxidativního 

stresu. Soubor a metodika: Do studie bylo zařazeno celkem pět pacientů s hlubokými dekubity 

v různých lokalizacích. Dekubitus byl rozdělen na dvě poloviny; jedna polovina rány byla ošetřena 

ostrou nekrektomií a druhá Versajet® hydrosystémem. Vzorky tkání, krve a moči byly odebrány v nultý 

a sedmý den po debridementu. Byla provedena histopatologická analýza a vyšetření parametrů 

oxidativního stresu v plazmě a moči. Výsledky: Byly nalezeny rozdíly v kvalitě a kvantitě granulační 

tkáně mezi dvěma různými typy provedeného debridementu. Zjištěno bylo nesignifi kantní snížení 

markerů oxidativního stresu v plazmě a moči sedmý den po debridementu. Závěr: Předběžné 

a pilotní výsledky naznačují, že proces hojení ran je úzce spojen s markery oxidativního stresu, 

které jsou měřitelné v krevní plazmě i v moči. Tyto by mohly poukazovat na průběh hojení. U všech 

parametrů oxidativního stresu bylo pozorováno nesignifi kantní snížení sedmý den po zákroku. Na 

pilotní studii naváže podrobná molekulárně-bio logická analýza vzorků tkáně.
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Introduction
Surgical treatment of pressure ulcers (PUs) 

is primarily intended for PUs of a deep cate-

gory (III and IV category). Meticulous surgical 

preparation of wounds in various debride-

ment approaches is necessary for success-

fully reconstructing Pus [1–3] and represents 

the most crucial technique in wound man-

agement [4,5]. By eliminating bacterial colo-

nisation, debridement decreases an infl am-

matory response and the risk of sepsis [6]. 

Moreover, it reduces exudate and odour [7] 

and improves wound healing [8]. Sharp de-

bridement (using scalpel, scissors or electro-

cautery) [9] was described in 1950 by Cannon 

et al [10]. Nowadays, it is mainly used type of 

debridement in PUs surgical therapy. Other 

debridement techniques were introduced, 

such as enzymatic [11], ultrasonic [12], Ver-

sajet Hydrosurgery system [13], etc. The de-

cision of which type of debridement should 

be used depends on the wound size, localisa-

tion, character of present avital tissue (thick-

ness of eschar, slough, debris etc.) and on 

preferences and experience of the surgeon.

Hydrosurgery debridement is based on 

a high-powered jet of saline, enabling cut-

ting tissue simultaneously with a suction 

of debrided particles which diminishes an 

aerosolisation eff ect in the wound [9]. Nu-

merous studies indicate that reactive oxida-

tive species (ROS) are involved in the wound 

healing process [14–16]. Aim of the present 

study was to compare the impact of two dif-

ferent types of debridement on oxidative 

stress parameters in tissue samples from the 

same PU. Conventional sharp debridement 

using scalpel and hydrosurgery Versajet sys-

tem were compared.

Material and methods
This study included fi ve patients with PUs of 

deep category (III and IV) and various local-

isation (sacral, trochanteric and ischial). All 

these patients were indicated to the surgical 

therapy. The wound was divided into halves. 

In one halve, the sharp debridement and the 

second halve debridement using Hydrosur-

gery Versajet® were performed. Tissue sam-

ples were harvested before debridement 

from each half in the fi rst phase and the 

same place one week after debridement, 

immediately before surgical closure using 

fl ap (fasciocutaneous or musculocutaneous) 

reconstruction. Tissue samples (3) were 

fi xed in formalin and routinely processed 

into formalin-fi xed paraffi  n-embedded tis-

sue specimens. Histopathological evalua-

tion of tissue samples was performed using 

hematoxylin-eosin staining and immunohis-

tochemical analysis of alpha-smooth mus-

cle actin (Abcam, Czech Republic). Blood 

samples were collected on day 0 and day 

7 after the necrectomy. After blood process-

ing and deproteinization (10kD Spin Col-

umn, Abcam, Czech Republic, ab93349), the 

thiols in plasma samples were measured 

fl uorimetrically using 7-azido-4-methylcou-

marin as a fl uorescent probe (ex = 365 nm 

and em = 450 nm; Sigma-Aldrich, USA). The 

method was optimized for plasma samples. 

The amount of reactive nitrogen species 

was measured using the enzymatic conver-

sion of nitrate to nitrite by nitrate reduc-

tase, followed by the addition of 2,3-diami-

nonapthalene (DAN, Sigma-Aldrich, USA), 

and NaOH, which converts nitrite to a fl u-

orescent compound (ex = 365 nm and 

em = 450 nm). Total oxidation stress was 

measured fluorimetrically using 2 ,́7΄-di-

chlorodihydrof luorescein compound 

(ex = 492 nm and em = 515 nm; Sigma-

Aldrich, USA). The amount of hydrogen per-

oxide was measured using a fl uorimetric hy-

drogen peroxide assay kit (Sigma-Aldrich, 

USA, MAK165). Morning urine samples were 

collected at the same time points as blood 

samples. Urinary 8-hydroxy-2’-deoxyguano-

sine (8-OHdG) was quantified by liquid chro-

matography with tandem mass spectrom-

etry (triple quadrupole EVOQ CUBE, Bruker, 

Germany) after SPE purifi cation.

Results
In most cases, a signifi cant diff erence in the 

quality of debridement between both types 

of necrectomy was observed. With hydrosur-

gery using Versajet®, adequate debridement 

was obtained in one session only in all cases. 

In contrast, sharp debridement parts often 

required further wound bed re-evaluation or 

debridement during the observed period.

The clinically significant difference in 

wound bed appearance was also detected 

after use of Versajet® hydrosurgery, with 

macroscopically visible signs of improved 

healing in the form of pink granulation tis-

sue, as shown on the left side in Fig. 1. This 

diff erence was even more visible in deep 

convex surfaces, where eff ective sharp de-

bridement is technically hard to achieve. It 

was possible to obtain a macroscopically 

clean wound bed with overall petechial 

bleeding even in these complex wounds.

Histopathological analysis of 3 patient’s 

tissue samples revealed granulation tissue 

without any signifi cant morphological diff er-

ences in Versajet technique therapy treated 

samples and sharp surgery.  Immunohisto-

chemical expression of alpha-smooth mus-

cle actin displayed increase in smooth mus-

cle cells within the newly formed vessels and 

stromal myofibroblasts between the first 

and second tissue samples. No signifi cant 

diff erences in diff erent therapy technique 

were detected (Fig. 2).

Blood analysis was focused on oxidative 

stress parameters. The results obtained indi-

cate a decrease in the levels of total oxida-

tive stress (68,456.7 ± 15,498.5 A.U. for day 0, 

58,459.2 ± 8,889.00 A.U. for day 7, respectively), 

hydrogen sulphide (106.54 ± 20.71 nmol. l–1 for 

day 0, 101.90 ± 14.06 nmol. l–1 for day 7, respec-

tively), hydrogen peroxide (3.40 ± 2.91 μmol. l–1 

for day 0, 2.73 ± 1.56 μmol. l–1 for day 7, re-

spectively), and reactive nitrogen spe-

cies (12,585.9 ± 7,806.2 A.U. for day 0, 

9,993.8 ± 4,400.7 A.U. for day 7, respectively) 

on day 7 as compared to day 0. However, this 

decrease was insignifi cant (Fig. 3). There was 

an insignifi cant decrease in the level of 8-hy-

droxy-2’-deoxyguanosine, a marker of oxi-

dative stress, on day 7 as compared to day 

0 (8.63 ± 2.12 ng/ mg creatinine for day 0, 

8.10 ± 2.41 ng/ mg creatinine for day 7, respec-

tively; for details, see Fig. 4). 

Fig. 1. Macroscopic diff erences in quality 
and quantity of granulation tissue in left 
part of the wound treated by Versajet® 
hydrosurgery and right part treated by 
sharp debridement.
Obr. 1. Makroskopické změny v kvalitě 
a kvantitě granulační tkáně v levé polo-
vině rány (debridement proveden Ver-
sajet® hydrosystémem) a v pravé polo-
vině rány (ošetřeno chirurgickou ostrou 
nekrektomií). 
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Discussion
Wound healing is a complex process involv-

ing the orchestration of diff erent hormones, 

growth factors and cytokines [15]. Among 

the crucial compounds playing a role in 

wound healing, reactive oxygen species can 

be found. They are implemented simulta-

neously in several lines. Due to their toxicity, 

they are an essential component of protec-

tion against pathogenic organisms while at 

the same time playing a vital signalling role 

in a wide range of processes [16]. Whereas 

the importance of reactive oxygen spe-

cies in wound healing has been intensely 

studied, data showing their relationship to 

changes in circulating reactive oxygen spe-

cies (in blood plasma) concerning wound 

healing processes have not yet been eluci-

dated. The work of James et al showed a cor-

relation between allantoin and uric acid con-

centrations in patients suff ering from leg 

ulcers [17]. Signifi cant elevation between al-

Fig. 2. Histopathological evaluation of tissue samples. Mag. 100×.
Obr. 2. Histopatologické vyšetření vzorků tkáně. Zvětšeno 100×.

HE – haematoxylin-eosin; S – sharp surgery; SMA – alpha-smooth muscle actin; V – Versajet® hydrosurgery
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Fig. 3. Concentrations of hydrogen sulfi de 
and hydrogen peroxide and total oxida-
tive stress parameters and reactive nitrogen 
species in plasma at day 0 and day 7 after 
surgery (N = 7).
Obr. 3. Koncentrace hydrogen sulfi du a hyd-
rogen peroxidu, parametry oxidativního 
stresu a reaktivních forem dusíku v plazmě 
ve dnech 0 a 7 po operaci (n = 7).
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lantoin: uric acid percentage ratio was ob-

served in wound fl uid from chronic leg ulcer 

compared to both paired plasma and acute 

surgical wound fl uid. Pressure ulcers devel-

opment was also studied in an animal model. 

The elevated level of 8-OHdG was detected 

in prolonged compressed muscles in mice 

indicating increased oxidative stress [18]. 

Moseley et al. discuss the roles of ROS/ an-

tioxidants in skin wound healing, their possi-

ble involvement in chronic wounds and the 

potential value of ROS-induced bio markers 

in wound healing prognosis [19]. However, 

the study focuses on the analysis of wound 

fl uids, emphasising total protein carbonyl 

content, western blot analysis of protein car-

bonyl content, malondialdehyde content, 

and total antioxidant capacity in wound fl u-

ids. The present study focused on the anal-

ysis of blood plasma and urine. The results 

indicate a decrease of determined markers 

of oxidative stress in blood plasma and urine 

on the 7th day after Versajet®/ sharp surgery. 

However, the observed decrease is insignif-

icant. The presented results become from 

a pilot study; we plan to extend the number 

of patients included in the study. Then the 

signifi cance of the results may be expected.

On the other hand, the results indicate the 

importance of oxidative stress parameters 

and their changes concerning wound heal-

ing. Next, it will be necessary to correlate the 

obtained data with other outcomes, such as 

bio chemical parameters and blood analysis. 

In addition, the study will be extended to in-

clude gene expression analysis of candidate 

genes associated with ROS and selected 

enzyme activities and markers of oxidative 

stress in tissue samples.

Conclusions
The pilot study results indicate that wound 

healing is closely connected to amounts of 

reactive oxygen and nitrogen species and 

total antioxidant capacity in corresponding 

tissue.
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Fig. 4. Changes in concentration of 8-hyd-
roxydeoxyguanosine in urine at day 0 and 
day 7 after surgery (N = 10).
Obr. 4. Změny koncentrace 8-hydroxy-2´-
-deoxyguanosin v moči ve dnech 0 and 7 
po operaci (n = 10).
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