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Managing open abdomens in critically ill patients after damage control surgery is complex and 
challenging. Delay in definitive surgery reduces successful primary fascial closure increasing 
complications. Early abdominal wall closure can improve patient outcomes and reduce risks. We 
retrospectively reviewed all patients who had the abdominal re-approximation anchor applied to 
achieve primary fascial closure at our institution. The electronic health record was reviewed for 
demographics, open abdomen indication, total number of operations, time to primary closure, success 
rate of primary fascial closure, and complications related to the use of the system. Between May 2015 
and May 2018, we applied the abdominal re-approximation anchor system to 7 patients managed with 
open abdomens. Intra-peritoneal sepsis was the indication in 4 patients while the rest were secondary 
to trauma. The system was applied after an average of 4.7 ± 1.9 days. The fascia was retracted an 
average of 19 ± 1.5 cm. Tension free fascial closure was achieved in all patients after an average of 
5.4 ± 2 days. Early application of the abdominal re-approximation anchor system was associated with 
achieving tension free delayed primary fascia closure in all our patients with no major abdominal 
complications.
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Damage control surgery with temporary abdominal closure is a common and safe practice used in managing 
patients with abdominal trauma and severe intra-abdominal sepsis1,2. With the understanding of the lethal 
triad of hypothermia, acidosis, and coagulopathy, the concept of “damage control” emerged, which allowed for 
abbreviated laparotomy with temporary abdominal closure to stabilize the patients. This was a paradigm shift 
that prioritized the physiological status of the patient over immediate anatomical repair. Keeping the abdomen 
open after managing the intra-abdominal emergency decreases the time in which the patient is exposed to 
coagulopathic stimuli, hypothermia, and acidosis in the operating room and allows initiating a management 
strategy for proper resuscitation and stabilization in the intensive care unit3. A second look allows reassessment 
and management of intra-abdominal pathology and its complications. The open abdomen is less susceptible 
to the complications of increased intra-abdominal pressure, such as systemic, respiratory, and organ perfusion 
issues4. Once stabilized, patients are typically returned to the operating room for definitive surgery and abdominal 
wall closure1. Historically, despite significant efforts and supportive measures, these critically ill patients faced 
high risks of severe complications, including multiple organ dysfunction syndrome (30–40%)5, enterocutaneous 
fistulas (2–25%)6,7, intra-abdominal abscesses (83%), and abdominal wall hernias (approximately 25%)5. 
Mortality rates were reported as high as 26%8.

Recent registry data have shown promising improvements in outcomes. For instance, one study reported a 
fascial closure rate of 83.5%, an enteroatmospheric fistula rate of 5.6%, a planned ventral hernia incidence of 
6.2%, an in-hospital survival rate of 72%, and an incisional hernia rate of 40.5%. Long-term survival ranged 
from 22 to 72%9. Similarly, an analysis of data from the European Hernia Society (EHS) registry by Willms et 
al. demonstrated significant reductions in both mortality (from 23 to 14%) and fistula rates (from 17.6 to 5.5%). 

1Trauma and Acute Care Surgery Unit, Department of Surgery, College of Medicine, King Saud University, Riyadh, 
Saudi Arabia. 2Department of Surgery, Faculty of Medicine, Jazan University, Jazan, Saudi Arabia. 3Department 
of Surgery, School of Medicine, Al-Imam Muhammad Ibn Saud Islamic University, Riyadh, Saudi Arabia. email: 
hnmashbari@jazanu.edu.sa

OPEN

Scientific Reports |        (2025) 15:17758 1| https://doi.org/10.1038/s41598-025-99910-z

www.nature.com/scientificreports

http://orcid.org/0000-0002-7118-7453
http://orcid.org/0000-0002-3313-6292
http://orcid.org/0000-0003-4684-9336
http://orcid.org/0009-0009-2269-1002
http://orcid.org/0000-0002-8107-1542
http://orcid.org/0000-0003-3103-2622
http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-99910-z&domain=pdf&date_stamp=2025-5-21


These improvements were attributed to the rapid direct closure of the fascia, facilitated by a combination of 
visceral organ protection, negative pressure wound therapy (NPWT), and dynamic fascial traction10.

If abdominal closure is not achieved as soon as possible, primary closure of abdominal wall fascia becomes 
difficult to achieve. Indeed, tension free closure is only accomplished in 51–69% of those patients11. This is 
associated with high risks of complications related to the open abdomen8,12. It is recommended that every effort 
is made to achieve primary facial closure as soon as possible13. Different approaches are employed to manage the 
open abdomen and try to achieve tension free closure of the abdomen to avoid these complications and a real 
consensus on which technique should be used has not yet been reached8,14,15. The introduction of the “Bogota 
bag” in the 1980s, a simple method using a sterile intravenous fluid bag sutured to the skin to close the abdomen 
temporarily, marked a significant advancement in temporary abdominal closure techniques16. The 1990s saw the 
development of more sophisticated techniques, including the Wittmann Patch17, and vacuum-assisted closure 
(VAC)18,19, which allowed for better fluid management and facilitated delayed primary closure of the abdominal 
wall. These techniques also improved the management of the open abdomen in septic patients. Component 
separation techniques were also described in the literature to achieve primary closure in those patients20. These 
approaches achieve abdominal closure with varying success rates but have their own complications such as 
wound complications and incisional hernias.

Recently, there has seen a focus on developing techniques that allow for dynamic fascial traction, which actively 
reduces the fascial defect and assists in the eventual closure of the abdomen. Several reports describe the use of 
dynamic fascial re-approximation in managing the open abdomen21,22. The abdominal re-approximation anchor 
is a method of dynamic fascial traction that has been introduced as an alternative approach to the management 
of the open abdomen. Its design aims to allow for adjustable tension in re-approximating fascial edges, which 
is a critical factor when dealing with large or complex abdominal defects. While the system offers a theoretical 
advantage in mitigating the risks associated with static closure methods, such as compartment syndrome and 
fistula formation, empirical evidence is still being evaluated. The system’s efficacy in facilitating primary fascial 
closure and its impact on postoperative morbidity are areas of ongoing research. As the medical community 
continues to seek optimal strategies for temporary abdominal closure, the abdominal re-approximation anchor’s 
role remains a subject of investigation. We present our experience with the delayed primary abdominal wall 
closure via early application using our modified approach of the abdominal re-approximation anchor.

Materials and methods
Setting
King Khalid University Hospital is an academic hospital in Riyadh, Saudi Arabia. The hospital has a Trauma 
and Acute Care Surgery unit that employs attending consultants who are dedicated to managing trauma and 
emergency general surgery. The experimental protocol was approved by the Institutional Review Board at King 
Saud University, College of Medicine. All methods were performed in accordance with the relevant guidelines 
and regulations.

Patient selection
We included all patients who had a clinical indication to keep their abdomen open and were managed with 
abdominal re-approximation anchor system application to attempt abdominal closure.

Our practice is to make an assessment, as early as possible after stabilization, mostly at the time of the third 
look regarding the possibility of achieving primary fascial closure. Once an assessment was made that primary 
fascial closure was not achievable a decision to apply the abdominal re-approximation anchor is taken to limit 
further fascia retraction, small bowel adhesion and allow a delayed tension free primary abdominal wall closure. 
The decision to apply the abdominal re-approximation anchor and the timing of the fascial closure were made by 
two surgeons from the Trauma and Acute Care Unite to standardize the indication and technique.

Abdominal re-approximation anchor system application technique
The abdominal re-approximation anchor system was applied without any debridement to the abdominal wall. 
Elastomers were inserted through a puncture incision along a line 7 cm lateral to the wound edge, lateral to the 
edge of rectus sheath and across the defect passing below the fascia over a visceral silicon sheet. The elastomers 
exit on the contralateral side at an equal distance from the wound edge. The elastomers were placed about 3 cm 
apart along the wound length, as close as the padding of the button anchors will permit. Button anchors were 
placed, the elastomers were connected and loaded to about twice their tension marks length, elastomers passed 
though aligner column keeping the incision aligned in the midline. In addition, to prevent the elastomer tearing 
medially through the abdominal wall, an adhesive button tail was attached to the anchor and fixed to the skin. 
Negative pressure wound therapy was applied in all cases (Figs. 1 and 2).

Temporary dressing technique
Temporary abdominal closure was done using the modified Barker’s method21 which consisted of a plastic barrier 
over the intestines, a burn flap gauze dressing with two suction drains. Ioban was placed over the abdominal wall.

Post abdominal re-approximation anchor system care
Patients were managed in the intensive care unit in the immediate postoperative care. They were extubated when 
they no longer required ventilator support. The buttons and skin were cleaned daily. ‘‘The Move’’ as referred 
to by abdominal re-approximation anchor system manual was delivered by our surgical residents and fellows 
under supervision of the surgeons. This included massaging the abdominal wall to reshape the abdomen and to 
mobilize the abdominal wall over the silicone sheet. As the elastomers lost tension they were re-loaded to the 
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maximum tensile strength. When the fascial edges were approximated to a 1 cm distance or less, the patient was 
taken back to the operating room for standard fascial closure.

Statistical analysis
The electronic medical records of patients meeting our criteria were reviewed. Detailed demographic and clinical 
data were collected for each patient (age, gender, body mass index (BMI), acute physiology and chronic health 
evaluation II (APACHE II) score, open abdomen indication, open abdomen classification according to Bjorck et 
al.22, Mannheim peritonitis index, number of laparotomies to abdominal re-approximation anchor system, time 
from first laparotomy to abdominal re-approximation anchor system, time from abdominal re-approximation 
anchor system to facial closure, fluid balance from admission to the application of abdominal re-approximation 
anchor system, fluid balance from the application of abdominal re-approximation anchor system to abdominal 
closure, intensive care unit length of stay, hospital length of stay, mortality, abdominal wall complications).

Data were analyzed using descriptive statistics to summarize baseline demographic and clinical characteristics. 
Continuous variables were expressed as means ± standard deviations. Categorical variables were presented as 
frequencies and percentages.

Fig. 1.  Example of patient with ABRA® application.
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Results
The abdominal re-approximation anchor system was made available at our institution in May 2015. Since its 
introduction it has been applied to 7 patients managed with open abdomen and managed with this system. 
Demographics and clinical information are shown in Table 1.

Age Gender Diagnosis BMI APACHE II ICU LOS (Days) Hospital stay

Traumatic

 1 25 Male MVC, internal bleeding 27.7 23 13 26

 2 30 Female MVC, internal bleeding 31.1 20 13 86

 3 36 Male Post para-aortic lymph node dissection bleeding 25.3 12 28 57

Abdominal sepsis

 1 14 Female Pelvic inflammatory mass 30.5 9 28 32

 2 37 Male Obstructed colon cancer 19.4 15 21 65

 3 58 Male Bowel ischemia 24.1 7 28 29

 4 73 Male Obstructed colon cancer 36.9 31 22 70

Table 1.  Characteristics of study patients. BMI body mass index, APACHE II acute physiologic assessment and 
chronic health evaluation, LOS length of stay, MVC motor vehicle collision.

 

Fig. 2.  Example of a second patient with ABRA® application.
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The mean age of patients was 39 ± 18.6 years. Most of the patients (n = 5, 71.4%) were men. The average BMI 
was 27.9 with 71.4% of the patients being overweight or obese. The average APACHE II score was 16.7 ± 7.9. 
The average intensive care unit length of stay was 25.2 ± 9.9 days, and the average hospital length of stay was 
51.97 ± 21.7 days. The indication for open abdomen in our patient cohort was severe intra-peritoneal sepsis (4 
patients) and trauma (3 patients).

Our patients had an average Mannheim Peritonitis Index score of 21.9 ± 6.2. According to the Modified 
Bjorck classifications, there were class 1A (n = 3, 42.8%), class 2A (n = 1, 14.2%) and class 2B (n = 3, 42.8%) open 
abdomens. The condition of edges of the fascia was good in all patients. Temporary abdominal closure was 
applied for an average of 4.6 ± 1.8 days before abdominal re-approximation anchor system application. The fascia 
was retracted an average of 19 ± 1.5 cm at the middle of the wound at the time of abdominal re-approximation 
anchor system application. The average fluid balance from admission to the time of abdominal re-approximation 
anchor system application was 5.3 ± 5.0 L.

The “move” was applied daily and the elastomers were adjusted to maintain maximum tensile strength. Tension 
free closure was accomplished in all 7 patients (100%). The average duration to achieve fully approximated fascia 
was 5.4 ± 2 days after abdominal re-approximation anchor system application. The average fluid balance from the 
time of abdominal re-approximation anchor system application to abdominal closure was − 2.2 ± 3.4 L.

One patient (14.3%) died 3 weeks after a complete abdominal wall closure secondary to severe traumatic 
brain injury. Two patients (28.6%) developed abdominal re-approximation anchor system related complications. 
One patient developed a small liver laceration caused by the elastomers aligning column (Fig. 3). The other 
patient developed a small subcutaneous abscess above an intact closed fascia. For all other patients, there was no 
skin ulceration at the anchor site, no abdominal wall, or intra-abdominal complications (Table 2).

Bjork class MPI
Length of the 
wound (cm)

Width of 
the wound 
(cm) TAC-days

Fluid balance 
admission to ABRA 
(ml)

Fluid balance 
ABRA to closure 
(ml) ABRA® days Complications

Traumatic

 1 1A 13 37 18 2 1756.0 − 2297.0 5 None

 2 1A 13 35 18 5 14,715.6 2721.2 10 None

 3 1A 28 40 21 3 10,088.2 186.0 4 Minor liver 
injury

Abdominal sepsis

 1 2B 28 30 18 4 4687.1 − 782.9 6 Wound 
infection

 2 2A 21 30 17 6 4695.5 − 5280.0 4 None

 3 2B 28 38 21 8 − 1415.0 − 8293.5 5 None

 4 2B 22 38 20 4 2806.6 − 1648.5 4 None

Table 2.  Characteristics of study patients’ wounds, ABRA® days, and complications. TAC days, temporary 
abdominal closure days, ABRA® Days number of days with ABRA application, MPI Mannheim peritonitis 
index.

 

Fig. 3.  A small liver laceration caused by the elastomers aligning column.
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Discussion
In implementing the principles of damage control surgery within our practice, we have encountered the 
recurrent challenge of achieving primary fascial closure. A critical endpoint that is often difficult to achieve due 
to the complex nature of open abdomen cases. Furthermore, the open abdomen is fraught with complications, 
ranging from infection to fluid imbalance, each posing a significant hurdle in the patient’s recovery journey. At 
our institution, we have utilized several techniques to manage the open abdomen and progress to abdominal 
closure including, temporary abdominal closure using the modified Barker’s method23, applying the commercial 
VAC dressing, closing the open abdomen through component separation20, utilizing biological mesh24, skin 
grafting with planned hernia, to finally using the abdominal re-approximation anchor system.

In our series, we have achieved a hundred percent tension free fascial closure following open abdomen. 
This is higher than that reported in the literature22. Compared to other reports of abdominal re-approximation 
anchor system application our approach is different in that we apply the system earlier (4.7 ± 1.9 days), we insert 
the elastomers at 7 cm from the wound edge (lateral to the rectus border), and we apply the “move’ daily to 
maintain load on the elastomers and the abdominal wall. This has allowed us to achieve tension free fascial 
closure sooner (5.4 ± 2 days) in all our patients. Our approach is different from previously reported approaches 
where the time from first laparotomy to abdominal re-approximation anchor system placement averaged 
between 7 and 18 days, the elastomers were placed at 5 cm from the wound edge (and most of the time less due 
to adhesions and a frozen abdomen) with a reported fascial closure rate of 61–100% at an average of 10–62 days 
after system placement5,21,22,25–27.

In our study, counter to the trends commonly reported in existing literature, we observed that the rate of 
achieving tension-free closure was similar across all etiologies. Notably, septic patients did not exhibit a lower 
rate of abdominal closure when compared to trauma patients. This finding diverges from established patterns 
where sepsis is often associated with more challenging closure outcomes. This could be explained by the fact 
that we did not have any Bjork classification 3 or 4 patients, but we hypothesize that our protocol for the early 
application of the abdominal re-approximation anchor system may have played a critical role in these outcomes. 
By intervening early with the abdominal re-approximation anchor system, our approach may have prevented 
the formation of extensive intra-abdominal adhesions. Adhesions are known to complicate subsequent surgical 
interventions by creating a ‘frozen abdomen’, where the organs are fixated to the abdominal wall, reducing the 
pliability of the abdominal cavity. Moreover, the early application of the abdominal re-approximation anchor 
system may have contributed to the reduced incidence of enterocutaneous fistulas, a complication that not only 
impedes tension-free closure but also significantly impacts patient morbidity.

Early application of the abdominal re-approximation anchor system also works to counteract the tendency 
of the abdominal muscles to retract so that one need not wait until the intra-abdominal conditions are ready for 
closure to apply the system but can apply it with the intention of keeping the abdomen open while preventing 
further muscle retraction thus saving valuable time that would be lost to re-approximate the retracted muscles. 
The attempt at using the abdominal re-approximation anchor system to prevent further muscle retraction 
has been reported before26. This time that is saved decreases the rate of developing a frozen abdomen and 
enterocutaneous fistulas which is directly proportional to the length of time the abdomen is kept open28,29.

Despite having a cohort of sick mostly overweight or obese patients with an average Mannheim Peritonitis 
Index score of 21.9 ± 6.2 only one patient died (14.3%). His death was not related to the open abdomen and 
its management. Wound complications developed in 2 of the patients (26.8%) which is consistent with other 
literature reports. We noticed that none of our patients developed any skin breakdown complications which is 
different from other reports in the literature5. This could be explained by the fact that we place the elastomers 
further away from the wound edge and this allows a wider distribution of force which helps protect the skin.

Our series is limited in that it is not controlled with no comparison to patients managed without the application 
of the abdominal re-approximation anchor system. The absence of higher modified Bjorck classifications may 
have influenced the outcomes. This is curtailed by the fact that these patients were managed following the same 
approach of early application and aggressive approximation. This makes attempts of adoption and reproducibility 
by other groups feasible. We are also limited by the small number of patients included but given the type of 
patients and the wide fascial gap in our patient population we would expect at best a primary fascial closure rate 
equivalent to what is reported in the literature. Although, early application in our patient series was associated 
with a rate of primary fascial closure of a 100% this is low quality evidence that cannot be used to guide clinical 
decisions but can only raise questions and generate hypotheses. It would be beneficial to study a bigger volume 
of patients and multicenter practices.

Based on the search results, there are no specific papers published about utilizing the abdominal re-
approximation anchor system in Saudi Arabia. There are few surgeons started adopting the system but still in 
the process of data collection.

Conclusions
Early primary fascial closure of the open abdomen has been associated with improved patient outcome. We have 
utilized it as our first choice to manage patients with open abdomen deemed difficult to close by our surgeons.

Our approach of early application within 3–5  days of the initial laparotomy, the modified technique of 
inserting elastomers at 7 cm instead of 5 cm from the wound edge, in addition to the aggressive tightening of the 
elastomers are key to achieve early tension free primary fascial closure.

Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on reason-
able request.

Scientific Reports |        (2025) 15:17758 6| https://doi.org/10.1038/s41598-025-99910-z

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Received: 3 July 2024; Accepted: 23 April 2025

References
	 1.	 Weber, D. G., Bendinelli, C. & Balogh, Z. J. Damage control surgery for abdominal emergencies. Br. J. Surg. 101(1), e109–e118 

(2014).
	 2.	 Girard, E. et al. Damage control surgery for non-traumatic abdominal emergencies. World J. Surg. 42(4), 965–973 (2018).
	 3.	 Cheatham, M. L. & Safcsak, K. Is the evolving management of intra-abdominal hypertension and abdominal compartment 

syndrome improving survival?. Crit. Care Med. 38(2), 402–407 (2010).
	 4.	 Morris, J. A. Jr. et al. The staged celiotomy for trauma. Issues in unpacking and reconstruction. Ann. Surg. 217(5), 576–584 (1993) 

(discussion 584–6).
	 5.	 Verdam, F. J. et al. Delayed primary closure of the septic open abdomen with a dynamic closure system. World J. Surg. 35(10), 

2348–2355 (2011).
	 6.	 Gaddnas, F. et al. Continuous retention suture for the management of open abdomen: A high rate of delayed fascial closure. Scand. 

J. Surg. 96(4), 301–307 (2007).
	 7.	 Perez, D. et al. Prospective evaluation of vacuum-assisted closure in abdominal compartment syndrome and severe abdominal 

sepsis. J. Am. Coll. Surg. 205(4), 586–592 (2007).
	 8.	 Boele van Hensbroek, P. et al. Temporary closure of the open abdomen: A systematic review on delayed primary fascial closure in 

patients with an open abdomen. World J. Surg. 33(2), 199–207 (2009).
	 9.	 Petersson, P. & Petersson, U. Dynamic fascial closure with vacuum-assisted wound closure and mesh-mediated fascial traction 

(VAWCM) treatment of the open abdomen-an updated systematic review. Front. Surg. 5(7), 577104. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​3​8​9​/​f​s​u​r​g​
.​2​0​2​0​.​5​7​7​1​0​4​​​​ (2020).

	10.	 Willms, A. et al. Management of the open abdomen using vacuum-assisted wound closure and mesh-mediated fascial traction. 
Langenbecks Arch. Surg. 400(1), 91–99. https://doi.org/10.1007/s00423-014-1240-4 (2015).

	11.	 Fernández, L. G. Management of the open abdomen: Clinical recommendations for the trauma/acute care surgeon and general 
surgeon. Int. Wound J. 13(Suppl 3), 25–34 (2016).

	12.	 Miller, R. S. et al. Complications after 344 damage-control open celiotomies. J. Trauma 59(6), 1365–1371 (2005) (discussion 
1371–4).

	13.	 Coccolini, F. et al. The open abdomen in trauma and non-trauma patients: WSES guidelines. World J. Emerg. Surg. 13, 7 (2018).
	14.	 Diaz, J. J. Jr. et al. Eastern Association for the Surgery of Trauma: A review of the management of the open abdomen–part 2 

“Management of the open abdomen”. J. Trauma 71(2), 502–512 (2011).
	15.	 Atema, J. J., Gans, S. L. & Boermeester, M. A. Systematic review and meta-analysis of the open abdomen and temporary abdominal 

closure techniques in non-trauma patients. World J. Surg. 39(4), 912–925 (2015).
	16.	 Kirshtein, B. et al. Use of the “Bogota bag” for temporary abdominal closure in patients with secondary peritonitis. Am. Surg. 73(3), 

249–252 (2007).
	17.	 Keramati, M. et al. The Wittmann Patch as a temporary abdominal closure device after decompressive celiotomy for abdominal 

compartment syndrome following burn. Burns 34(4), 493–497 (2008).
	18.	 Acosta, S. et al. Multicentre prospective study of fascial closure rate after open abdomen with vacuum and mesh-mediated fascial 

traction. Br. J. Surg. 98(5), 735–743 (2011).
	19.	 Bjarnason, T. et al. One-year follow-up after open abdomen therapy with vacuum-assisted wound closure and mesh-mediated 

fascial traction. World J. Surg. 37(9), 2031–2038 (2013).
	20.	 Ramirez, O. M., Ruas, E. & Dellon, A. L. “Components separation” method for closure of abdominal-wall defects: An anatomic and 

clinical study. Plast. Reconstr. Surg. 86(3), 519–526 (1990).
	21.	 Reimer, M. W. et al. Management of open abdominal wounds with a dynamic fascial closure system. Can. J. Surg. 51(3), 209–214 

(2008).
	22.	 Haddock, C., Konkin, D. E. & Blair, N. P. Management of the open abdomen with the abdominal reapproximation anchor dynamic 

fascial closure system. Am. J. Surg. 205(5), 528–533 (2013) (discussion 533).
	23.	 Barker, D. E. et al. Vacuum pack technique of temporary abdominal closure: A 7-year experience with 112 patients. J. Trauma 

48(2), 201–206 (2000) (discussion 206–7).
	24.	 Atema, J. J., de Vries, F. E. & Boermeester, M. A. Systematic review and meta-analysis of the repair of potentially contaminated and 

contaminated abdominal wall defects. Am. J. Surg. 212(5), 982–995 (2016).
	25.	 Bjorck, M. et al. Classification—Important step to improve management of patients with an open abdomen. World J. Surg. 33(6), 

1154–1157 (2009).
	26.	 Mukhi, A. N. & Minor, S. Management of the open abdomen using combination therapy with ABRA and ABThera systems. Can. 

J. Surg. 57(5), 314–319 (2014).
	27.	 Salman, A. E. et al. Use of dynamic wound closure system in conjunction with vacuum-assisted closure therapy in delayed closure 

of open abdomen. Hernia 18(1), 99–104 (2014).
	28.	 Morais, M. et al. The open abdomen: Analysis of risk factors for mortality and delayed fascial closure in 101 patients. Porto Biomed. 

J. 3(2), e14 (2018).
	29.	 Dubose, J. J. et al. Open abdominal management after damage-control laparotomy for trauma: A prospective observational 

American Association for the Surgery of Trauma multicenter study. J. Trauma Acute Care Surg. 74(1), 113–120 (2013) (discussion 
1120–2).

Author contributions
Conceptualization, TN and WK; Data curation, TN, AA, KA and WK; Formal analysis, TN and AA; Writing—
original draft, TN and AA; Writing—review and editing, KA, NA, JA, HM and WK.

Declarations

Competing interests
The authors declare no competing interests.

Institutional review board
Permission from the Institutional Review Board at King Saud University, College of Medicine was obtained.

Scientific Reports |        (2025) 15:17758 7| https://doi.org/10.1038/s41598-025-99910-z

www.nature.com/scientificreports/

https://doi.org/10.3389/fsurg.2020.577104
https://doi.org/10.3389/fsurg.2020.577104
https://doi.org/10.1007/s00423-014-1240-4
http://www.nature.com/scientificreports


Informed consent
The need to obtain informed consent was waived by the Institutional Review Board at King Saud University 
(KSU), College of Medicine. The Authors had patient consent to capture and publish the pictures used in the 
figures in the manuscript.

Additional information
Correspondence and requests for materials should be addressed to H.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025 

Scientific Reports |        (2025) 15:17758 8| https://doi.org/10.1038/s41598-025-99910-z

www.nature.com/scientificreports/

http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Early application of abdominal re-approximation anchor system for the management of the open abdomen
	﻿Materials and methods
	﻿Setting
	﻿Patient selection
	﻿Abdominal re-approximation anchor system application technique
	﻿Temporary dressing technique
	﻿Post abdominal re-approximation anchor system care
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


