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 16 

Abstract: 1) Introduction: Negative pressure wound therapy (NPWT) is a frequently 17 

applied open abdomen (OA) treatment. There are only a few experimental data supporting this 18 

method and describing the optimal settings and pressure distribution in the abdominal cavity during 19 

this procedure. The aim of our study was to evaluate pressure values at different points of the 20 

abdominal cavity during NPWT in experimental abdominal compartment syndrome (ACS) animal 21 

model. 2) Methods: In this study (permission Nr. 13/2014/UDCAR) 27 Hungahib pigs (15.4- 20.2 kg) 22 

were operated. ACS was generated by implanting a plastic bag in the abdomen through mini-23 

laparotomy and filled with 2100- 3300 ml saline solution (37 C°) to an intraabdominal pressure (IAP) 24 

of 30 mmHg. After 3 hours, NPWT (Vivano Med ® Abdominal Kit, Paul Hartmann AG, Germany) 25 

or Bogota bag was applied. NPWT group was divided into -50, -100 and 150 mmHg suction group. 26 

Pressure distribution to the abdominal cavity was monitored at 6 different points of the abdomen via 27 

a multichannel pressure monitoring system. 3) Results: The absolute pressure levels were 28 

significantly higher above than below the layer. The values of the pressure were similar in the midline 29 

than laterally. Amongst the bowels the pressure values changed periodically between 0 and -12 30 

mmHg which might be caused by the peristaltic movements. 4) Conclusions: The porcine model of 31 

the present study seems to be well applicable for investigating ACS and NPWT. It was possible to 32 

provide valuable for clinicians. The pressure was well distributed by the protective layer to the lateral 33 

parts of the abdomen and this phenomenon did not change considerably during the therapy. 34 

 35 

Keywords: intra-abdominal pressure; abdominal compartment syndrome; pressure sensor; 36 
negative pressure wound therapy; open abdomen;  37 

 38 

1. Introduction 39 

The intra-abdominal hypertension (IAH) and abdominal compartment syndrome (ACS) are 40 

commonly observed in critically ill patients. Although diagnostic and therapeutic guidelines are 41 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 January 2018                   doi:10.20944/preprints201801.0100.v1

©  2018 by the author(s). Distributed under a Creative Commons CC BY license.

Peer-reviewed version available at Sensors 2018, 18, 897; doi:10.3390/s18030897

http://dx.doi.org/10.20944/preprints201801.0100.v1
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.3390/s18030897


 2 of 11 

 

described by the World Society of Abdominal Compartment Syndrome, there are many controversies 42 

in the treatment. The treatment of IAH/ACS is basically conservative and semiconservative (minimal 43 

invasive intervention). Surgical treatment is necessary if these treatment options fail. The basic 44 

surgical approach is the open abdomen (OA) therapy [1,2].  45 

For investigation of the underlying pathophysiologic events a lot of experimental animal 46 

models have been developed. Small animal models are useful to investigate pathophysiologic 47 

changes. Large animal models are particularly advantageous for evaluating surgical techniques and 48 

their effects. The most commonly used large animal model is the porcine model [9]. 49 

Negative pressure wound therapy (NPWT) is an increasingly applied method of open 50 

abdomen therapy in clinical conditions, although there are only a few experimental data supporting 51 

its effectiveness or describing possible complications [3,18,19].   52 

Authors introduce a porcine model for experimental abdominal compartment syndrome and 53 

OA therapy, emphasizing NPWT and describing its optimal settings. Abdominal compartment 54 

syndrome was created in pigs and pressure distribution within the abdominal cavity was measured 55 

during negative pressure wound therapy.  56 

2. Materials and Methods 57 

This study was performed at the Department of Operative Techniques and Surgical Research, 58 

Faculty of Medicine, University of Debrecen, Hungary. It was approved by the local institutional 59 

committee on animal research (permission No. 13/2014/UDCAV).  60 

26 Hungahib pigs (15.4- 20.2 kg) were kept under standard circumstances (22-23 C °) before 61 

the experiment. The operations were performed under general anaesthesia by intramuscular 62 

administration of 15 mg/bwkg ketamine and 1 mg/bwkg xylazine. The animals were ventilated 63 

through tracheostomy with assisted air and oxygen ventilation. A central venous catheter was placed 64 

in the left jugular vein. The left femoral artery was used as arterial access point. A urinary catheter 65 

was introduced suprapubically to measure urine output.  66 

After inducing anaesthesia, a plastic bag was implanted in the abdomen through mini-67 

laparotomy (30 mm midline incision) and filled with 2100- 3300 ml pre-heated (37 C°) saline solution 68 

until an intra-abdominal pressure (IAP) of 30 mmHg was reached. The abdominal wall was 69 

temporarily closed in an airtight manner by two layers of running sutures. The balloon was also used 70 

for monitoring the IAP. Body temperature, urinary output,  haemodynamic parameters such as 71 

heart rate, peripheral oxygen saturation, blood pressure, mean arterial pressure (MAP), central 72 

venous pressure (CVP) were monitored throughout the experiment.   73 

After 3 hours, the bag was deflated and removed through a total midline laparotomy and the 74 

open abdomen therapy was initiated. The abdomen was temporarily closed by Bogota bag, a urinary 75 

catheter was inserted with sutures to the wound edges in six animals (untreated pigs from historic 76 

data). In case of the other 20 pigs NPWT (Vivano Med ® Abdominal Kit, PAUL HARTMANN AG, 77 

Germany) was applied. A micro-structured organ protection layer was placed on the small intestines 78 

under the parietal peritoneum, which was covered by a foam dressing and a self-adhesive layer on 79 

the top. The set was then connected to a special device (VivanoTec® Unit, PAUL HARTMANN AG, 80 

Germany) to create reduced pressure within the abdominal cavity.  81 

The NPWT group was divided into 3 further subgroups.  In case of 7 animals -50 mmHg 82 

suction was applied, another 7 pigs were included in the -100 mmHg, and 6 in the -150 mmHg group. 83 
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Pressure distribution to the abdominal cavity was monitored via a microcontroller based 84 

multichannel pressure sensor system (MBMPSS) at six different points of the abdomen. The systems’ 85 

pressure measurement were referenced to atmospheric pressure. Two sensors were positioned 86 

laterally (8 cm from the lateral side of the wound edge), another two in the midline above and under 87 

the protection layer. Two further sensors were placed amongst the small bowels. (Figure 1.)  The 88 

device measured pressures every 10 seconds throughout the negative pressure treatment interval of 89 

120-minutes (720 data/each sensor).  90 

 91 

Figure 1. The positions of the pressure sensors. A: midline above the layer, B: midline under the layer, C: laterally 92 

above the layer, D: laterally under the layer, E: midline amongst bowels, F: laterally amongst bowels 93 

 94 

Results are expressed as mean ± SD. Each measurement time points in the presented tables 95 

and diagrams represents the sum of 10 measured values in every 5 minutes of each animal from the 96 

beginning (0 point) of NPWT. The relation between the summary of the measured sensors (50 97 

measured data of each sensor at each pressure level) were analysed using the correlation analysis 98 

method. The assessment of the correlation analysis is summarized in Table 1. 99 

Table 1. Correlation coefficient (Guilford, 1950) 100 

Correlation coefficient Level of correlation  

0                             

0-0.2 (-0.2-0) 

0.2-0.4 (-0.4- -0.2) 

0.4-0.7 (-0.7- -0.4) 

0.7-0.9 (-0.7- -0.9) 

0.9-1 (-1- -0.9) 

no linear relationship 

negligible correlation with irrelevant relationship 

low correlation, definite but small relationship 

moderate correlation with significant relationship 

high correlation with strong relationship 

very high correlation with strong dependable relationship 

 

   

 101 

3. Results 102 
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The correlation between measurement points of 50, 100 and 150 mmHg NPWT are 103 

represented in Figure 2-4.  104 

In the 50 mmHg NPWT group between A-F sensors the correlation was moderate with 105 

significant relationship, between A-B, B-F sensors the correlation was high with strong relationship 106 

and between A-C, A-E, B-D, B-E sensors the correlation was slight, almost negligible. Between A-D 107 

sensors there was no linear relationship (Figure 2.). 108 

 109 

Figure 2. Relation analysis between the sensors during -50 mmHg NPWT 110 

A: midline above the layer, B: midline under the layer, C: laterally above the layer, D: laterally under the layer, 111 

E: midline amongst bowels, F: laterally amongst bowels 112 

 113 

In the 100 mmHg NPWT group between B-E sensors the correlation was  slight with 114 

irrelevant relationship, between A-B, A-C, A-D, A-F and B-F sensors the correlation was high with 115 

strong relationship and between B-D sensors the correlation was very high with strong dependable 116 

relationship. There was no linear relationship between A-E sensors (Figure 3.) 117 

 118 

Figure 3. Relation analysis between the sensors during -100 mmHg NPWT 119 
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A: midline above the layer, B: midline under the layer, C: laterally above the layer, D: laterally under the layer, 120 

E: midline amongst bowels, F: laterally amongst bowels 121 

 122 

In the 150 mmHg NPWT group, between A-D sensors the correlation was slight with 123 

irrelevant relationship, between A-E and A-F sensors the correlation was moderate with significant 124 

relationship, between A-C the correlation was very high with strong dependable relationship. Low 125 

correlation, small but definite relationship has been proved between A-B, B-E, B-F sensors. Between 126 

B-D there was no linear relationship (Figure 4.) 127 

 128 

Figure 4. Relation analysis between the sensors during -150 mmHg NPWT 129 

A: midline above the layer, B: midline under the layer, C: laterally above the layer, D: laterally under the layer, 130 

E: midline amongst bowels, F: laterally amongst bowels 131 

 132 

In each group, there was good correlation between the sensors in the middle and the lateral 133 

positions, in contrast to the superficially and deeply positioned sensors, where pour correlation was 134 

experienced. From other point of view the absolute pressure in all three groups amongst the bowels 135 

were significantly lower than below or before the protective layer. In the lateral and medial positions 136 

the pressure levels were nearly the same. (Figure 5-7.)  137 

 138 
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 139 

Figure 5. Pressures at the different sensors during -50 mmHg NPWT 140 

A: midline above the layer, B: midline under the layer, C: laterally above the layer, D: laterally under the layer, 141 

E: midline amongst bowels, F: laterally amongst bowels 142 

 143 

 144 

 145 

Figure 6. Pressures at the different sensors during -100 mmHg NPWT 146 
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A: midline above the layer, B: midline under the layer, C: laterally above the layer, D: laterally under the layer, 147 

E: midline amongst bowels, F: laterally amongst bowels 148 

 149 

 150 

 151 

Figure 7. Pressures at the different sensors during -150 mmHg NPWT 152 

A: midline above the layer, B: midline under the layer, C: laterally above the layer, D: laterally under the layer, 153 

E: midline amongst bowels, F: laterally amongst bowels 154 

 155 

During NPWT the measured pressure levels showed no significant changes with time. 156 

(Figure 3.) 157 

At -50 mmHg pressure level, A and B are convex, D is a concave curve, C and F are linear 158 

functions, E is a monotonically decreasing curve. Monotonity of functions A, B, D changes after 50-159 

60 minutes from the 0 point of the experiment. 160 

At -100 mmHg , monotonity of curve A is unchanged during experiment. A and F are 161 

concave. Function E changes into a concave curve. B is a linear, D is an apparently linear function. 162 

At -150 mmHg pressure level, A, C, E, F, are convex and they change in monotonity after 60 163 

minutes. B is a concave, D is a convex curve. 164 

Monotonity of the curves are the most equalized at -100 mmHg. 165 
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4. Discussion 166 

According to the World Society of Abdominal Compartment Syndrome (WSACS) the 167 

definition of ACS is a sustained elevation of IAP above 20 mmHg (with or without abdominal 168 

perfusion pressure (APP) < 60 mmHg) that is associated with a new organ dysfunction/failure [1]. 169 

ACS is a life-threatening condition, leaving it untreated leads to multi-organ failure and death. When 170 

IAP is permanently over 20 mmHg despite conservative treatment, and organ dysfunction is present, 171 

surgical intervention is necessary. The aim of the damage control surgery is to control bleeding and 172 

contamination of the abdominal cavity and to decompress. In order to provide possibility for planned 173 

re-laparotomy, open abdomen therapy is required.  174 

There are many temporary abdominal closure (TAC) techniques like skin only sutures, the 175 

application of absorbable meshes, Bogota bag, zipper systems, Wittmann Patch and the different 176 

NPWT methods. OA complications are well-known, these are the enteroatmospheric fistula 177 

formation, fluid and protein loss, catabolism, fixation of the abdominal organs, fascial retraction etc. 178 

[1-5]. According to the guidelines created by the WSACS, NPWT is recommended in treatment of 179 

ACS, because it gives superior results to simple packing techniques [1]. NPWT is increasingly 180 

accepted in clinical conditions, although there are only a few experimental data regarding its effects 181 

and complications. There is a lack of evidence-based recommendations related to the most favorable 182 

settings. 183 

Besides clinical results, small and large animal models are available for investigating IAH, 184 

ACS and the different TAC techniques, including NPWT experimentally. Especially large animals 185 

like pigs are suitable for investigating ACS effect on hemodynamics, organ function, circulation, and 186 

evaluate conservative and surgical treatment options, because of the relative close anatomy and 187 

pathophysiology to humans [8,10,11,14-16]. ACS definition in an animal model can be stated if an 188 

artificially increased IAP leads to circulatory, renal, respiratory insufficiency [9]. In our pig model 3 189 

hours of IAH (30 mmHg) was enough for the above mentioned consequences of ACS to appear.  190 

Every former animal ACS model showed that well-timed decompression reduces mortality, 191 

has favorable effect on the ACS induced changes on hemodynamics and organ function [12,13]. 192 

NPWT was found superior to other TAC methods by authors investigating the different TAC 193 

techniques [3,6]. However, Benninger et al. advised to use bag or zipper system firstly and to use 194 

NPWT only a few days later in order to prevent reoccurrence of IAH/ACS [17]. 195 

According to the available clinical and experimental data, NPWT increases tissue perfusion, 196 

collagen production, granulation and angiogenesis, which helps wound healing. It provides medial 197 

traction preventing lateralization of the abdominal wall or dehiscence. The fascial closure rates are 198 

estimated around 35-92%. It ensures effective drainage in order to prevent abscess formation [5-199 

7,18,19]. Vivano Med Abdominal Kit consists of three layers: 1. A perforated polyethylene sheet 200 

(interface layer) for covering the abdominal organs, which reduces adhesions, protects the bowels, 201 

and lowers fistula rate. 2. A polyurethane foam to be placed within the wound edges, in order to 202 

provide medial traction and help fluid drainage. 3. An adhesive film closes the wound airtight on the 203 

surface, it prevents fluid and heat loss and external contamination. The system is connected to 204 

vacuum source using special tubing set. However, the complication rate is lower and there is hardly 205 

available experimental data on optimal settings, the ideal advisable pressure level is still remains 206 

unknown.  207 
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It is hypothesized that the negative pressure conducted to the small bowels may elevate the 208 

risk of fistula formation, decreases tissue microcirculation and causes ischemia [3,21,23]. Clinical data 209 

show that the risk of fistula formation is around 0-15% [4,5]. The effect of NPWT on bowel surface 210 

has hardly been investigated. According to the few literature data NPWT may reduce small bowel 211 

wall blood flow, especially close to the visceral protective layer [20,21,23]. This complication might 212 

be more severe with the negative pressure applied [20,23]. Bjarnason et al. investigated the pressure 213 

distribution of NPWT in the abdomen has provided data, that the foam conducts 75% of applied 214 

pressure to the abdomen [19]. The negative pressure is significantly reduced on the bowel surface, 215 

but lowering the applied pressure does not further reduce pressure to bowels [3,19]. In our model, 216 

irrespectively of the suction applied (-50, -100, -150 mmHg) significantly lower values of negative 217 

pressure could be measured between the small bowels deep than near the protective sheet. Under 218 

the protective sheet the negative pressure values are significantly lower than above that. 219 

Bjarnason et al. has found that outside the inner layer negative pressure diminishes [19]. It is similar 220 

to our data. Pressures are similar in the middle and in the lateral regions of the abdomen, supporting 221 

the theory that the visceral layer provides excellent pressure distribution. 222 

The negative pressure is conducted well to the area underneath the protective sheet in the 223 

midline and to the superficial lateral region of the abdominal cavity. The pressure distributed with 224 

good efficacy to the inter-intestinal space in the midline and laterally also. These findings were most 225 

pronunced with application of 100 mmHg negative pressure. 226 

 227 

5. Conclusions 228 

Pressure distribution at different points of the abdomen could be evaluated during NPWT, 229 

which helps clinicians to choose the optimal settings. The organ protection layer provides excellent 230 

pressure distribution in the abdominal cavity. The extensive cover of the abdominal organs with this 231 

layer is highly advised. The favorable effect of Vivano Med Abdominal Kit has been proved in this 232 

animal model. 233 

 234 

6. Patents 235 

Author Contributions: “A.CS., K.P., N.N. and ZS.SZ. conceived and designed the experiments; A.CS., K.B., K.P., 236 
Á.D., M.B. and ZS.SZ. performed the experiments; Z.A.G., GY.J., A.CS. and ZS.SZ. analyzed the data; A.CS., 237 
ZS.SZ. and ZS.B. wrote the paper.” 238 

Conflicts of Interest:   239 

“The authors declare no conflict of interest."  240 

“The founding sponsors had no role in the design of the study; in the collection, analyses, or interpretation of 241 
data; in the writing of the manuscript, and in the decision to publish the results”. 242 

  243 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 January 2018                   doi:10.20944/preprints201801.0100.v1

Peer-reviewed version available at Sensors 2018, 18, 897; doi:10.3390/s18030897

http://dx.doi.org/10.20944/preprints201801.0100.v1
http://dx.doi.org/10.3390/s18030897


 10 of 11 

 

References 244 

 245 

1. Kirkpatrick, A.W.; Roberts, D.J.; Jaeschke, R.; De Waele, J.J.; De Keulenaer, B.L.; Duchesne, J.; Bjorck, 246 

M.; Leppäniemi, A.; Ejike, J.C.; Sugrue, M.; Cheatham, M.L.; Ivatury, R.; Ball, C.G.; Reintam, B. A.; Regli, 247 

A.; Balogh, Z.; D'Amours, S.; De Laet, I.; Malbrain, M.L. Methodological background and strategy for 248 

the 2012-2013 updated consensus definitions and clinical practice guidelines from the abdominal 249 

compartment society. Anaesthesiol Intensive Ther 2015,47,63-77. 250 

2. Coccolini, F.; Biffl, W.; Catena, F.; Ceresoli, M.; Chiara, O.; Cimbanassi, S.; Fattori, L.; Leppaniemi, A.; 251 

Manfredi, R.; Montori, G.; Pesenti, G.; Sugrue, M.; Ansaloni, L. The open abdomen, indications, 252 

management and definitive closure. World J Emerg Surg 2015,10,32.  253 

3. Demetriades, D.; Salim, A. Management of the open abdomen. Surg Clin North Am 2014,94(1),131-153. 254 

4. Atema, J.J.; Gans, S.L.; Boermeester, M.A. Systematic review and meta-analysis of the open abdomen 255 

and temporary abdominal closure techniques in non-trauma patients. World J Surg 2015,39(4),912-925. 256 

5. Huang, Q.; Li, J.; Lau, W.Y. Techniques for Abdominal Wall Closure after Damage Control Laparotomy: 257 

From Temporary Abdominal Closure to Early/Delayed Fascial Closure-A Review. Gastroenterol Res 258 

Pract 2016, 2016:2073260.  259 

6. Bruhin, A.; Ferreira, F.; Chariker, M.; Smith, J.; Runkel, N. Systematic review and evidence based 260 

recommendations for the use of negative pressure wound therapy in the open abdomen. Int J Surg 261 

2014,12(10),1105-14. 262 

7. Lessing, M.C.; James, R.B.; Ingram, S.C. Comparison of the Effects of Different Negative Pressure 263 

Wound Therapy Modes-Continuous, Noncontinuous, and With Instillation-on Porcine Excisional 264 

Wounds. Eplasty 2013,13,51. 265 

8. Yoshino, O.; Quail, A.; Oldmeadow, C.; Balogh. Z.J. The interpretation of intra-abdominal pressures 266 

from animal models: the rabbit to human example. Injury 2012,43(2),169-173.  267 

9. Schachtrupp, A.; Wauters, J.; Wilmer A. What is the best animal model for ACS? Acta Clin Belg 2007,62 268 

Suppl 1,225-232.  269 

10. Otto, J.; Afify, M.; Jautz, U.; Schumpelick, V.; Tolba, R.; Schachtrupp A. Histomorphologic and 270 

ultrastructural lesions of the pancreas in a porcine model of intra-abdominal hypertension. Shock 271 

2010,33(6),639-45.  272 

11. Olofsson, P.H.; Berg, S.; Ahn, H.C.; Brudin, L.H.; Vikström, T.; Johansson KJ. Gastrointestinal 273 

microcirculation and cardiopulmonary function during experimentally increased intra-abdominal 274 

pressure. Crit Care Med 2009,37(1),230-239. 275 

12. Ke, L.; Ni, H.B.; Tong, Z.H.; Li, W.Q.; Li, N.; Li, J.S. The importance of timing of decompression in severe 276 

acute pancreatitis combined with abdominal compartment syndrome. J Trauma Acute Care Surg 277 

2013,74(4),1060-1066. 278 

13. Skoog, P.; Hörer, T.M.; Nilsson, K.F.; Norgren, L.; Larzon, T.; Jansson, K. Abdominal hypertension and 279 

decompression: the effect on peritoneal metabolism in an experimental porcine study. Eur J Vasc 280 

Endovasc Surg 2014,47(4),402-410. 281 

14. Ke, L.; Tong, Z.H.; Ni, H.B.; Ding, W.W.; Sun, J.K.; Li, W.Q.; Li, N.; Li, J.S. The effect of intra-abdominal 282 

hypertension incorporating severe acute pancreatitis in a porcine model. PLoS One 2012,7(3),33125. 283 

15. Elvevoll, B.; Husby, P.; Ovrebo, K.; Haugen, O. Acute elevation of intra-abdominal pressure contributes 284 

to extravascular shift of fluid and proteins in an experimental porcine model. BMC Res Notes 285 

2014,20(7),738. 286 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 January 2018                   doi:10.20944/preprints201801.0100.v1

Peer-reviewed version available at Sensors 2018, 18, 897; doi:10.3390/s18030897

http://dx.doi.org/10.20944/preprints201801.0100.v1
http://dx.doi.org/10.3390/s18030897


 11 of 11 

 

16. Correa-Martín, L.; Castellanos, G.; García-Lindo, M.; Díaz-Güemes, I.; Sánchez-Margallo, F.M. 287 

Tonometry as a predictor of inadequate splanchnic perfusion in an intra-abdominal hypertension 288 

animal model. J Surg Res 2013,184(2),1028-1034.  289 

17. Benninger, E.; Laschke, M.W.; Cardell, M.; Keel, M.; Seifert, B.; Trentz, O.; Menger, M.D.; Meier, C. 290 

Intra-abdominal pressure development after different temporary abdominal closure techniques in a 291 

porcine model. J Trauma 2009,66(4),1118-1124. 292 

18. Suh, H.; Lee, A.Y.; Park, E.J.; Hong, J.P. Negative Pressure Wound Therapy on Closed Surgical Wounds 293 

With Dead Space: Animal Study Using a Swine Model. Ann Plast Surg 2014 Jul 4  294 

19. Bjarnason, T.; Montgomery, A.; Hlebowicz, J.; Lindstedt, S.; Petersson U. Pressure at the bowel surface 295 

during topical negative pressure therapy of the open abdomen: an experimental study in a porcine 296 

model. World J Surg 2011,35(4),917-923. 297 

20. Hlebowicz, J.; Hansson, J.; Lindstedt, S. Microvascular blood flow response in the intestinal wall and 298 

the omentum during negative wound pressure therapy of the open abdomen. Int J Colorectal Dis 299 

2012,27(3),397-403. 300 

21. Lindstedt, S.; Malmsjö, M.; Hlebowicz, J.; Ingemansson, R. Comparative study of the microvascular 301 

blood flow in the intestinal wall, wound contraction and fluid evacuation during negative pressure 302 

wound therapy in laparostomy using the V.A.C. abdominal dressing and the ABThera open abdomen 303 

negative pressure therapy system. Int Wound J 2015,12(1),83-88. 304 

22. Lindstedt, S.; Hlebowicz, J. Blood flow response in small intestinal loops at different depths during 305 

negative pressure wound therapy of the open abdomen. Int Wound J 2013,10(4),411-417. 306 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 January 2018                   doi:10.20944/preprints201801.0100.v1

Peer-reviewed version available at Sensors 2018, 18, 897; doi:10.3390/s18030897

http://dx.doi.org/10.20944/preprints201801.0100.v1
http://dx.doi.org/10.3390/s18030897

