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Introduction: Open abdomen (OA) treatment with negative-pressure therapy (NPT) was initiated for perforated diverticulitis and subsequently extended to other abdominal emergencies. The aim of this retrospective study was to analyze the indications, procedures, duration of NPT, and the outcomes of all our patients.

Methods: All consecutive patients treated with intra-abdominal NPT from January 1, 2008 to December 31, 2018 were retrospectively analyzed.

Results: A total of 438 patients (44% females) with a median (range) age of 66 (12–94) years, BMI of 25 (14–48) kg/m2, and ASA class I, II, III, and IV scores of 36 (13%), 239 (55%), 95 (22%), and 3(1%), respectively, were treated with NPT. The indication for surgery was primary bowel perforation in 163 (37%), mesenteric ischemia in 53 (12%), anastomotic leakage in 53 (12%), ileus in 53 (12%), postoperative bowel perforation/leakage in 32 (7%), abdominal compartment in 15 (3%), pancreatic fistula in 13 (3%), gastric perforation in 13 (3%), secondary peritonitis in 11 (3%), burst abdomen in nine (2%), biliary leakage in eight (2%), and other in 15 (3%) patients. A damage control operation without reconstruction in the initial procedure was performed in 164 (37%) patients. The duration of hospital and intensive care stay were, median (range), 28 (0–278) and 4 (0–214) days. The median (range) duration of operation was 109 (22–433) min and of NPT was 3(0–33) days. A trend to shorter duration of NPT was observed over time and in the colonic perforation group. The mean operating time was shorter when only blind ends were left in situ, namely 110 vs. 133 min (p = 0.006). The mortality rates were 14% at 30 days, 21% at 90 days, and 31% at 1 year. An entero-atmospheric fistula was observed in five (1%) cases, most recently in 2014. Direct fascia closure was possible in 417 (95%) patients at the end of NPT, but least often (67%, p = 0.00) in patients with burst abdomen. During follow-up, hernia repair was observed in 52 (24%) of the surviving patients.

Conclusion: Open abdomen treatment with NPT is a promising concept for various abdominal emergencies, especially when treated outside normal working hours. A low rate of entero-atmospheric fistula formation and a high rate of direct fascia closure were achieved with dynamic approximation of the fascia edges. The authors recommend an early-in and early-out strategy as the prolongation of NPT by more than 1 week ends up in a frozen abdomen and does not improve abdominal sepsis.
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INTRODUCTION

Open abdomen (OA) treatment seems to be effective in treating critically ill patients with abdominal sepsis. However, the indication remains controversial as it is a resource-consuming and a non-anatomic situation with the potential of severe adverse effects (1–3). Temporary abdominal closure (TAC) with negative-pressure therapy (NPT) allows not only the patient to be resuscitated at the intensive care unit (ICU) but also the decision on the definitive surgical procedure to be postponed to a second look in an elective situation with an experienced colorectal surgeon and the aim of avoiding creation of a temporary stoma (4–6).

We initially adopted damage control surgery (DCS) for the clinical situation of perforated diverticulitis with generalized peritonitis, where we were able to report a high rate of restoration of bowel continuity in prospective studies and ultimately in a small randomized controlled trial (7–9). With the aid of dynamic sutures, we demonstrated a high rate of direct fascia closure and a low rate of hernia development (10). Simultaneously, we extended the indication for DCS with NPT to other abdominal emergencies, such as mesenteric ischemia, to allow the decision on the extent of bowel resection to be postponed to a second-look operation or to avoid stoma creation in patients with obstructed colon. After open decompression and regeneration of the overstretched colon, safe reconstruction is facilitated in a second-look operation. Moreover, in all situations outside normal working hours, and especially when working hours are subject to restrictions, the surgeon on duty can postpone the decision of performing an anastomosis DCS whenever he has doubts.

The aim of this retrospective analysis was to analyze the indications, procedures, and the outcomes of all consecutive patients treated with OA and NPT at our university hospital in the last 11 years.



PATIENTS AND METHODS

Clinical data from 438 consecutive patients treated with open abdomen at our department from January 1, 2008 to December 31, 2018 were documented in an Excel database, where data from already published prospective studies were integrated. OA treatment was indicated by the performing surgeon on duty in cases outside study protocols. Negative pressure was applied with VACR or ABTheraTM therapy (KCI, San Antonio, TX). To avoid fascia retraction and enhance direct fascia closure, dynamic sutures with vessel loops or approximation of the fascia edges by negative pressure was applied as published. To prevent entero-atmospheric fistula formation, direct contact between the intra-abdominal sheet of the NPT system and the intestinal sutures was avoided by covering the sides with omental fat, whenever possible. The technique to be administered for closure of the abdominal wall at the end of the OA treatment was determined by the surgeon in charge and recorded as continuous or interrupted using absorbable or non-absorbable suture material.

Statistical analysis of the data was conducted with SPSS 26.0 (Chicago, IL). Analysis was performed with the chi-square test for categorical variables or Fisher's exact test for nominal variables. Overall survival rate was calculated with a Kaplan–Meier estimate.



RESULTS

From January 1, 2008 to December 31, 2018, 438 patients (194 females) with a median (range) age of 66 (12–94) years, a body mass index (BMI) of 25 (14–48) kg/m2, and American Society of Anesthesiologists (ASA) class I–IV scores of 36 (13%), 239 (55%), 95(22%), and 3 (1%), respectively, were treated with NPT at our department.

The indication for emergency surgery is shown in detail in Table 1. Besides the main indication, primary bowel perforation with 163 (37%) and anastomotic leakage, intestinal ischemia, and ileus with 53 (12%) were the most frequent indications for the DCS procedure. Eighty-three (19%) patients suffered from a malignant disease and 21 (5%) patients were immunocompromised for solid organ transplantation. Besides, the mean ± SD operating time was 120 ± 66 min. Definitive surgery was performed in 272 (62%) and a damage control operation without reconstruction in 164 (37%) patients. In the group of patients with colonic perforation (n = 199), the surgical time was shorter in the damage control group, with a median (mean) time of 110 (118) min vs. 133 (145) min in the group where reconstruction or stoma creation was performed during the emergency surgery (p = 0.006). No significant difference was observed in the median (mean) durations of NPT between these two groups, namely 2 (4.3) vs. 3 (4.9) days.


Table 1. Clinical Data.
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Outcome parameters are depicted in Table 2. The median (range) hospital stay was 28 (0–278) days, and the median (range) duration of NPT was 3 (0–27) days (see Figure 1). Admission to the ICU was not necessary in 184 patients, and the median (range) duration of ICU stay for patients admitted to the ICU (n = 254) was 4 (1–214) days. The mean duration of NPT was lowest in the group with intestinal ischemia, namely 3.1 days, and highest in the group with pancreatic fistula, namely 10.1 days, followed by burst abdomen (9.8 days) and biliary leakage (9.6 days, p = 0.027). No significant difference in ICU or hospital stay was observed between these groups.


Table 2. Outcome.
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FIGURE 1. Duration of negative pressure system in place.


The mortality rates were 14% at 30 days, 21% at 90 days, 31% at 1 year, 37% at 3 years, and 41% at 5 years. The 90-day mortality rate was highest in the group with secondary peritonitis (36%), followed by intestinal ischemia (26%), and lowest in the group with gastric perforation (15%) and primary bowel perforation (17%, n.s.) (see Figures 2, 3).
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FIGURE 2. Overall survival for Damage control surgery (DCS) versus definitive surgery.
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FIGURE 3. Overall survival for different indications.


Complete closure of the fascia at the end of NPT was possible in 417 (95%) patients, nine (2%) patients died before removal of NPT, in four (1%) patients a Permacol, in two (0.5%) patients a Vicryl mesh was used to close the abdominal wall, and in four (1%) patients complete closure of the abdominal wall was not achieved. The lowest rate of direct fascia closure was observed in the group with burst abdomen (67%), followed by patients with biliary leaks (75%, p = 0.00). The mean (confidence interval, CI) of BMI was lowest in the patients who died before the end of NPT, with 21.9 (21.0–24.9) vs. 25.2 (25.0–25.5) in the group of complete fascia closure and 31.6 (29.1–34.1, p = 0.00) in the group of partial or mesh-mediated fascia closure.

Entero-atmospheric fistula formation as a complication of NPT was observed in five (1%) patients. Ventral hernia repair was performed in 85 patients (19% of all and 24% of all surviving patients). Body mass index was significantly higher in patients with a ventral hernia, namely a mean (95% CI) of 28.1 (27.2–28.9) vs. 25.0 (24.7–25.3 kg/m2, p = 0.00).



DISCUSSION

Damage control surgery (DCS), established in the treatment of injured patients by trauma surgeons, has been adopted by general surgeons for various abdominal emergencies (1–4). DCS meets all requirements for an emergency operation: short operating time, immediate clearance of the septic focus, and improving the patient for definitive reconstruction in a second operation at the ICU, if necessary (11). Moreover, this limited procedure can be performed by a general surgeon not specialized in colorectal surgery, a situation that is increasingly encountered especially when working hours are subject to restrictions and there is a reduced availability of specialists. The estimated risk of overtreatment appears to be tolerably low because the use of modern NPT devices means patients can be extubated and treated at the surgical ward until definitive surgery, if the patient improves rapidly after DCS (9, 11, 12).

In the setting of perforated diverticulitis with generalized peritonitis, the concept of DCS is already established (1, 9, 13). We adopted the concept also for patients with anastomotic leakage to allow reanastomosation in the second-look procedure. Of the patients treated with NPT, 53 (12%) had intestinal ischemia, where the aim was to reduce the extent of bowel resection after patient recovery or after recuperation of the intestine following thrombectomy. Another 53 (12%) patients were operated for complicated ileus. After open decompression or reposition of the incarcerated intestine, recovery of the overstretched intestinal wall allowed safe anastomosis in the second-look operation. Moreover, in cases of acute left-sided colonic obstruction due to colon cancer, DCS offers an alternative to diversion or stenting. Under elective conditions and with the aid of a colorectal surgeon, the quality of oncologic resection is enhanced.

Before the introduction of modern NPT devices, a formidable complication, namely the formation of an entero-atmospheric fistula, demanded that a strict indication be observed for OA (2). Recent studies of OA treatment with NPT report rates of entero-atmospheric fistula formation from 5 to 14%, with the risk factors of duration of OA treatment, ischemia, and cancer (14–17). In our cohort of 438 patients, where we strictly avoided direct contact between the plastic sheet and any sewn serosa lesion or an intestinal anastomosis, we demonstrate a low rate of fistula development of 1%. A further problem entailed with OA treatment, namely retraction of the fascia resulting in a ventral hernia, can be resolved with various techniques, as published in cohort studies (10, 17, 18). The technique practiced in our department, dynamic approximation of the fascia edges with vessel loops or approximation of the fascia edges with the aid of negative pressure from the beginning of NPT, resulted in a high 95% rate of direct fascia closure at the end of NPT, comparable to the data of Acosta et al. (18). The lowest rate of fascia closure, namely 67%, was achieved in the patients with burst abdomen due to septic complications or when biliary or pancreatic fistulas were observed. The need for hernia repair in 24% of the surviving patients in our cohort coincides with the published data. BMI could be identified as a risk factor (19–21).

When used as DCS, NPT was terminated in 50% of our patients after 2 days. NPT duration was longest in the group of patients with persistent pancreatic or biliary leakage and in those patients with burst abdomen due to septic complications, where conditioning of the fascia edges was awaited before the abdominal wall was definitively closed. NPT duration in abdominal sepsis is limited by the evolution of a frozen abdomen, limiting the cleansing effect of the negative pressure (22, 23). For this reason, a trend toward an earlier termination of NPT during the observation period was noted. The strategy undertaken at our department is to keep the threshold low for the indication of DCS and NPT, especially outside normal working hours, but to terminate as early as possible. Decompression laparotomy and NPT in cases of abdominal compartment gave a rare indication in 3% of our patients, while the mean duration was 6 days and fascia closure was achieved in 87% of the patients.

Nine patients died before the end of NPT. At 22, BMI was significantly lower in these patients, indicating that they had malignant or severe chronic disease. A higher BMI was a significant risk factor for complete fascia closure in our cohort of patients. The mortality rates observed in our patients appear to be comparatively low in relation to the literature (24, 25). The effects of OA and NPT on mortality and the risk of overtreatment are still up for discussion, and a prospectively randomized study was announced (12, 26, 27).

In conclusion, OA with NPT is a promising option in various abdominal emergencies, especially when used in a damage control concept and outside normal working hours, where typical and feared complications such as entero-atmospheric fistulas or fascia retraction can be successfully avoided. To demonstrate a supposed positive effect on mortality, a randomized controlled study would be helpful.
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DCS, damage control surgery; OA, open abdomen; TAC, temporary abdominal closure; NPT, negative-pressure therapy; HP, Hartmann's procedure; ICU, intensive care unit; n, number; PA, primary anastomosis without ileostomy.



REFERENCES

 1. Cirocchi R, Popivanov G, Konaktchieva M, Chipeva S, Tellan G, Mingoli A, et al. The role of damage control surgery in the treatment of perforated colonic diverticulitis: a systematic review and meta-analysis. Int J Colorectal Dis. (2020) 36:867–79. doi: 10.1007/s00384-020-03784-8

 2. Regner JL, Kobayashi L, Coimbra R. Surgical strategies for management of the open abdomen. World J Surg. (2012) 36:497–510. doi: 10.1007/s00268-011-1203-7

 3. Barker DE, Kaufman HJ, Smith LA, Ciraulo DL, Richart CL, Burns RP. Vacuum pack technique of temporary abdominal closure: a 7-year experience with 112 patients. J Trauma. (2000) 48:201–6. doi: 10.1097/00005373-200002000-00001

 4. Weber DG, Bendinelli C, Balogh ZJ. Damage control surgery for abdominal emergencies. Br J Surg. (2014) 101:e109–18. doi: 10.1002/bjs.9360

 5. Perathoner A, Klaus A, Muhlmann G, Oberwalder M, Margreiter R, Kafka-Ritsch R. Damage control with abdominal vacuum therapy (VAC) to manage perforated diverticulitis with advanced generalized peritonitis–a proof of concept. Int J Colorectal Dis. (2010) 25:767–74. doi: 10.1007/s00384-010-0887-8

 6. Hecker A, Reichert M, Reuß CJ, Schmoch T, Riedel JG, Schneck E, et al. Intra-abdominal sepsis: new definitions and current clinical standards Langenbeck's Archives of Surgery. Langenbecks Arch Surg.(2019) 404:257–71. doi: 10.1007/s00423-019-01752-7

 7. Kafka-Ritsch R, Birkfellner F, Perathoner A, Raab H, Nehoda H, Pratschke J, et al. Damage control surgery with abdominal vacuum and delayed bowel reconstruction in patients with perforated diverticulitis Hinchey III/IV. J Gastrointest Surg. (2012) 16:1915–22. doi: 10.1007/s11605-012-1977-4

 8. Gasser E, Alexander P, Reich-Weinberger S, Buchner S, Kogler P, Zitt M, et al. Damage control surgery for perforated diverticulitis: a two center experience with two different abdominal negative pressure therapy devices. Acta Chir Belg. (2019) 119:370–5. doi: 10.1080/00015458.2018.1534397

 9. Kafka-Ritsch R, Zitt M, Perathoner A, Gasser E, Kaufman C, Czipin S, et al. Prospectively randomized controlled trial on damage control surgery for perforated diverticulitis with generalized peritonitis. World J Surg. (2020) 44:4098–105. doi: 10.1007/s00268-020-05762-1

 10. Kafka-Ritsch R, Zitt M, Schorn N, Stroemmer S, Schneeberger S, Pratschke J, et al. Open abdomen treatment with dynamic sutures and topical negative pressure resulting in a high primary fascia closure rate. World J Surg. (2012) 36:1765–71. doi: 10.1007/s00268-012-1586-0

 11. Tartaglia D, Costa G, Camillò A, Castriconi M, Andreano M, Lanza M, et al. Damage control surgery for perforated diverticulitis with diffuse peritonitis: saves lives and reduces ostomy. World J Emerg Surg. (2019) 14:19. doi: 10.1186/s13017-019-0238-1

 12. Zizzo M, Ugoletti L, Lococo F, Pedrazzoli C, Manenti A. Damage control surgery in patients with generalized peritonitis secondary to perforated diverticulitis: the risk of overtreatment. Tech Coloproctol. (2018) 22:473–4. doi: 10.1007/s10151-018-1810-5

 13. Sohn M, Iesalnieks I, Agha A, Steiner P, Hochrein A, Pratschke J, et al. Perforated diverticulitis with generalized peritonitis: low stoma rate using a “damage control strategy. World J Surg. (2018) 42:3189–95. doi: 10.1007/s00268-018-4585-y

 14. Atema JJ, Gans SL, Boermeester MA. Systematic review and meta-analysis of the open abdomen and temporary abdominal closure techniques in non-trauma patients. World J Surg. (2015) 39:912–25. doi: 10.1007/s00268-014-2883-6

 15. Coccolini F, Ceresoli M, Kluger Y, Kirkpatrick A, Montori G, Salvetti F, et al. Open abdomen and entero-atmospheric fistulae: An interim analysis from the International Register of Open Abdomen (IROA). Injury. (2019) 50:160–6. doi: 10.1016/j.injury.2018.09.040

 16. Giudicelli G, Rossetti A, Scarpa C, Buchs NC, Hompes R, Guy RJ, et al. Prognostic factors for enteroatmospheric fistula in open abdomen treated with negative pressure wound therapy: a multicentre experience. J Gastrointest Surg. (2017) 21:1328–34. doi: 10.1007/s11605-017-3453-7

 17. Fortelny RH, Hofmann A, Gruber-Blum S, Petter-Puchner AH, Glaser KS. Delayed closure of open abdomen in septic patients is facilitated by combined negative pressure wound therapy and dynamic fascial suture. Surg Endosc. (2014) 28:735–40. doi: 10.1007/s00464-013-3251-6

 18. Acosta S, Seternes A, Venermo M, Vikatmaa L, Sörelius K, Wanhainen A, et al. Open abdomen therapy with vacuum and mesh mediated fascial traction after aortic repair: an international multicentre study. Eur J Vasc Endovasc Surg. (2017) 54:697–705. doi: 10.1016/j.ejvs.2017.09.002

 19. Hofmann AT, Gruber-Blum S, Lechner M, Petter-Puchner A, Glaser K, Fortelny R. Delayed closure of open abdomen in septic patients treated with negative pressure wound therapy and dynamic fascial suture: the long-term follow-up study. Surg Endosc. (2017) 31:4717–24. doi: 10.1007/s00464-017-5547-4

 20. 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. (2020) 7:577104. doi: 10.3389/fsurg.2020.577104

 21. Berrevoet F. Prevention of incisional hernias after open abdomen treatment. Front Surg. (2018) 5:11. doi: 10.3389/fsurg.2018.00011

 22. Sugrue M. Abdominal compartment syndrome and the open abdomen: any unresolved issues? Curr Opin Crit Care. (2017) 23:73–8. doi: 10.1097/MCC.0000000000000371

 23. Leppäniemi A, Kimball EJ, De Laet I, Malbrain ML, Balogh ZJ, De Waele JJ. Management of abdominal sepsis–a paradigm shift? Anaesthesiol Intensive Ther. (2015) 47:400–8. doi: 10.5603/AIT.a2015.0026

 24. Rausei S, Pappalardo V, Ruspi L, Colella A, Giudici S, Ardita V, et al. Versus delayed source control in open abdomen management for severe intra-abdominal infections: a retrospective analysis on 111 cases. World J Surg. (2018) 42:707–12. doi: 10.1007/s00268-017-4233-y

 25. Lambertz A, Mihatsch C, Röth A, Kalverkamp S, Eickhoff R, Neumann UP, et al. Fascial closure after open abdomen: initial indication and early revisions are decisive factors–a retrospective cohort study. Int J Surg. (2015) 13:12–6. doi: 10.1016/j.ijsu.2014.11.025

 26. Rosenzweig M, Berg A, Kuo YH, Onayemi A, Sciarretta J, Davis JM, et al. Are the benefits of rapid source control laparotomy realized after acute colonic perforation? Surg Infect. (2020) 21:665–70. doi: 10.1089/sur.2019.272

 27. Kirkpatrick AW, Coccolini F, Ansaloni L, Roberts DJ, Tolonen M, McKee JL, et al. Closed or open after source control laparotomy for severe complicated intra-abdominal sepsis (the COOL trial): study protocol for a randomized controlled trial. World J Emerg Surg. (2018) 13:26. doi: 10.1186/s13017-018-0183-4

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Gasser, Rezaie, Gius, Lorenz, Gehwolf, Perathoner, Öfner and Kafka-Ritsch. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fsurg-08-632929-t002.jpg
Mortality rate (%) Survival rate (%) Hospital stay  ICU stay NPT Rate (%)
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Primary bowel perforation 1% 17% 76% 6% 24 (1-257) 3(1-61) 3(1-28) 98% 64%
Anastomotic leakage 17% 25% 69% 60% 345 (3-98) 9(1-35) 4(1-83) 91% 28%
Intestinal ischernia 19% 26% 58% 52% 205 (2-128) 4(1-51) 2(1-21) 100% 4%
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Postoperative bowel perforation 9% 22% 67% 56% 43 (4-278) 10 (1-170) 4.5 (1-17) 97% 9%
Abdominal compartment 20% 20% 55% m 28 (4-56) 19634  5(2-18) 87% 0%
Gastric perforation 0% 15% 80% 80% 37(13-110)  29(16-69)  6(1-39) %% 8%
Pancreatic fistula 15% 23% 48% 48% 565(34-192)  9(3-61) 9(1-21) %% 0%
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ICU, intensive care unit; NPT, negative pressure therapy; DCS, Damage control surgery; m, missing.
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