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Background: Abdominal compartment syndrome (ACS) can occur in patients placed on extra corporeal membrane oxygenation (ECMO). This implies the necessity of decompressive laparotomy followed by an open abdomen (OA) to prevent complications such as multi-organ-failure or death.

Methods: We searched for ECMO patients in our hospital database between July 2015 and April 2020 and selected those with an emergency laparotomy and OA therapy. Of these, we analyzed only patients who were treated with an OA after establishing the ECMO regarding patient-related parameters like sex, age, height, weight, and indications for ECMO as well as outcome parameters like complete fascial closure rate, mortality, length of stay in intensive care unit (ICU), length and kind of OA therapy, number of surgical procedures, dressing changes concerning negative pressure wound therapy (NPWT), and number of surgical revisions.

Results: In eight out of 421 patients (1.9%), a laparostoma had to be created during ECMO support. For temporary closure, either NPWT, abdominal packing, or both were used. The median length of OA therapy was 17 days, and the median length of stay in ICU was 42 days in total. The median number of surgical procedures and NPWT dressing changes was seven. In three of the eight patients, a surgical revision was necessary. The total mortality rate was 50%. In 75%, the fascia could be closed. Two patients died before final closure. In all deceased patients, an abdominal packing was necessary during the course of treatment; in the survivors, only once. No enteroatmospheric fistula or abscesses occurred.

Conclusions: ACS in patients placed on ECMO is a very rare condition with a considerable mortality rate but high secondary closure rate of the fascia. A necessary abdominal packing due to a severe bleeding seems to be a risk factor with a potentially fatal outcome.
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INTRODUCTION

A laparostoma is a non-closure of the fascia in cases of laparotomy, which is commonly an emergency procedure. Concerning this, there are a myriad of reasons for a laparostoma, and consequently, in many cases, a tension-free closure is impossible. Laparostoma is used to restore an adequate hemodynamic status, preventing an abdominal compartment syndrome (ACS) and deferring definitive intervention and anastomosis, until the patient is hemodynamically stable and appropriately resuscitated. Early identification and draining of a residual infection are of particular importance regarding the removal of infected or cytokine-loaded fluid, and thereby the control of any persistent source of infection is facilitated by a laparostoma (1–3). Despite all of those positive aspects improving many patients' outcomes, it is also important to face the risks and complications associated with an open abdomen (OA). While some patients require further surgical procedures during their inpatient stay, others are mainly affected by long-term complications such as a remaining fascial defect, which may require further treatment (1, 4, 5). Enteroatmospheric fistulas are an example of a long-term complication in patients during or after laparostoma, as are abscesses and the loss of abdominal wall domain. These can result in an increase in morbidity and mortality (1, 5, 6).

One possible reason for an emergency laparotomy without immediate primary closure is the development of ACS. Several risk factors for developing intraabdominal hypertension (IAH) as well as ACS, like large-volume fluid resuscitation and the presence of shock, hypotension, sepsis, massive intestinal swelling, or severe trauma, are described in literature (1, 2, 6–9). In addition, patients who have had ECMO created can develop ACS without having previously suffered trauma or abdominal sepsis following abdominal surgery (10, 11).

Due to the rarity of such cases, there is very little literature describing the course and the outcome of patients who develop an ACS after the establishment of an ECMO and require an OA. Our aim was to analyze the outcome, number of days with the OA, number of days in intensive care unit (ICU), number of surgical procedures, dressing changes concerning the negative pressure wound therapy (NPWT), and number of surgical revisions in such patients admitted to our ARDS and ECMO center in Cologne-Merheim Medical Center (CMMC) comparing our results with data about laparostoma patients on ECMO described in the literature.



MATERIALS AND METHODS


Patients

We performed a retrospective, single-center, observational cohort study of patients at the CMMC, Witten/Herdecke University teaching hospital, treated with laparostoma after the beginning of ECMO support from July 2015 to April 2020. Data were gathered from electronic medical records by searching our hospital's patient database for the ICD codes for “ECMO” and “laparostoma” / “laparotomy.” The methods for inclusion of patients and patient-related data were specified a priori.

The patients included were placed on ECMO as well as treated with laparostoma. We only included patients with laparotomy leading to an OA after the initiation of ECMO to analyze a more homogeneous group.

The patient files were screened using the parameters mentioned below.



Definition of IAH and ACS

Intraabdominal pressure is defined as the steady-state pressure concealed within the abdominal cavity. In critically ill adults, it is ~5–7 mmHg. IAH is defined as an intraabdominal pressure of more than 12 mmHg and is classified in four grades (grade I: 12–15 mmHg, grade II: 16–20 mmHg, grade III: 21–25 mmHg, and grade IV: >25 mmHg) (3). In contrast to that, the ACS presupposes per definition a new organ dysfunction and hypertension with a pressure of more than 20 mmHg within the abdominal cavity (3, 12).



Surgical Standard

In our hospital, laparotomy is performed at the point of an intraabdominal pressure of 20 mmHg or above, combined with clinical symptoms of ACS as anuria or insufficiency of perfusion through ECMO.

The standard procedure monitoring IAP in our patients at risk in the ICU was the measurement of pressure within the bladder 30–60 s after the instillation of 25 ml of normal saline through the urinary catheter every 8 h.

Methods of creating an OA at our hospital:

1. Applying NPWT with PU foam and visceral protective film underneath with or without redressing fasciorrhaphy.

2. Interposition of a Vicryl-mesh onto the visceral protective film for the redression of the fascia instead of redressing sutures and usage of a commercially NPWT set.

Other kinds of therapy like the Wittman patch or the Bogota bag were not deployed in our hospital. The choice of wound closure depended on the surgeons' preference.

The standard suction magnitude was 75 or 80 mmHg. Dressing changes for NPWT were performed every 3 days at our hospital.

Depending on the hemodynamical stability of the patient, the surgical creation of the laparostoma was either performed in our central operation room or in ICU.



Outcome Parameter

The outcome parameters of the study were patient-related parameters like sex, age, height, weight, and indications for ECMO as well as outcome parameters like successful fascial closure rate, mortality, length of stay in ICU after closure and in total, length and kind of OA therapy, number of surgical procedures performed, number of dressing changes concerning NPWT, and number of surgical revisions.



Statistics

The data were prepared and analyzed in Microsoft Excel Version 14.1.0 (Microsoft Corp., Redmond, WA, United States). Data of continuous variables are expressed as minimum, maximum, and median. Binary and categorical variables are reported as counts and percentages.




RESULTS

Between July 2015 and April 2020, we treated 421 patients on ECMO in total. Among these, we identified 14 patients who underwent decompressive laparotomy followed by the state of an OA (8/421; 1.9%). In our analysis, only patients on ECMO who developed ACS after cannulation were included (8/14; 57%). Table 1 depicts data of these patients. All eight patients were supported by veno-venous ECMO; one of them (12.5%) initially was placed on veno-arterial ECMO, which was converted within the 1st day of the ECMO support.


Table 1. Patient related data.
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The median age of our male patients was lower than that in our female patients (46.5 vs. 56.0 years).

Outcome data are depicted in Table 2. Two of the deceased patients died with a non-closed abdomen (days 5 and 7 of the OA). The other two patients died 1 and 16 days after abdominal closure.


Table 2. Outcome parameters.
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The median age of surviving patients was lower than the median age of the patients who did not (46.5 vs. 56 years); 87.5% (7/8) of the ECMO patients with an OA were treated with NPWT. In 62.5% (5/8), abdominal packing was implemented initially or during the course. One patient was only treated with abdominal packing. In all eight patients, we did not use any other techniques of temporary closure than NPWT or abdominal packing. Observing the four surviving patients, the median duration of laparostoma was 30.5 days. The median number of abdominal surgeries in the patients who survived until final closure (6/8; 75%) was 12.5; the median number of dressing changes during NPWT was 9.5. In three patients, relaparotomy was required. One was due to ACS a few hours after the first attempt of closure. The second was a planned exploration after initial emergency surgery, and the third was due to acute bleeding. In all four patients who did not survive, abdominal packing had to be applied (100%), whereas only one of the four surviving patients (25%) was treated with abdominal packing. In two patients (25%), retroperitoneal hemorrhage appeared, while in one patient, it was after initial trauma and thus not caused by the placement on ECMO; in the second, it occurred after the initiation of ECMO support. All abdominal findings during the initial laparotomy were operable.

The median length of stay in ICU of the surviving patients was 42 days, and the median length of stay in ICU after closure was 20 days.

In six patients (6/8; 75%), laparotomy was the initial procedure to relieve the elevated intraabdominal pressure, once ACS has been diagnosed. In two patients (2/8; 25%), draining of fluids was performed previously by puncture.

In all patients whose OA was finally closed, secondary wound closure was performed in layers. We did not perform closure with a partial defect of the abdominal wall or the usage of a mesh. Complications during the OA such as enterocutaneous fistulas or abscesses could not be found.



DISCUSSION

The huge impact of an increased intraabdominal pressure can be seen in the impaired functions of multiple organs such as the lungs, bowel, and the kidneys. That is why immediate diagnosis and appropriate intervention is of vital concern (8, 9, 12–14). This ranges from medical treatment of IAH to surgical treatment when the patient's condition aggravates or ACS develops (14). To relieve the excess pressure, decompressive laparotomy, which represents a non-anatomical situation, is considerable and leads to an OA in many cases. Other causes for an OA are trauma, the effects of abdominal sepsis, also leading to increased abdominal pressure, and damage control surgery (1, 6, 15, 16). During this surgical treatment, with an increased morbidity and mortality, the loss of fluids and temperature, as well as the desiccation of the bowels, must be considered (6).

Multiple ways to manage an OA using temporary or, if possible, final closing techniques are described in the literature. Most of the temporary abdominal closure techniques, providing protection to the abdominal viscera during the time the fascia remains open, include negative pressure therapy techniques such as vacuum packing and vacuum-assisted therapy (1, 17–19). One major objective over the course of laparostoma is to prevent the fascia from retraction, which leads to the impossibility of final closure of the fascia. To prevent this or even to redress the fascia gradually, a mesh can be sewn into the defect. Other options are the sandwich and zipper technique, as well as the artificial burr device or the Wittmann Patch. Although these techniques finally provide a high primary closure rate, they may lead to a remaining gap in the fascia (17, 20–22). Some authors describe the Bogota bag or dynamic retention sutures to be considerable options for temporary closure of the OA (17, 23). In general, closure is recommended to be achieved at the earliest expected time (1).

Depending on the cause for an OA in a given case, distinct conditions can impair primary abdominal closure. These include visceral edema, the inability to control a source of infection, the necessity for second-look surgery or completion of previous treatment, and severe cases of abdominal wall damage, especially given in patients with penetrating trauma (15, 24). Patients who fail primary closure may require a biologic fascial bridge with subsequent fascia repair in the future (4).

In patients on ECMO, IAH can be detected by a reduced flow in the return canula and generates end-organ malperfusion. That is why ACS, followed by the performance of decompressive laparotomy, should be considered in cases of hemodynamic impairment or ECMO dysfunction, to diminish complications (10, 11).

There is a paucity of literature about the development of an ACS followed by laparostoma in ECMO patients, even though ECMO is a risk factor for an increased intraabdominal pressure. Due to the low number of cases, information about this subject, especially about the duration of an OA including the number and kind of surgical procedures in patients on ECMO, is rare. This study gives an insight into the courses of disease for our patients and their outcomes. We found a mortality rate of 50% and a final closure rate of 75% (25% died before, 25% after final closure). Only one patient (12.5%) required an unpredictable surgical procedure on account of a major bleeding event. The techniques used for temporary closure were NPWT and abdominal packing. According to our research, abdominal packing seems to be a risk factor with a potentially fatal outcome. As the OA in ECMO patients is known to be a rare condition, the number of patients we found was correspondingly not high enough to gather universally valid information, but to provide data of a barely investigated thematic area.

In the literature, we found a few studies referring to related substances. McCann et al. performed a retrospective, single-center cohort study with 355 patients on ECMO in 2019 (25). The prevalence of emergency laparotomy in this study was 3.7% (13/355). In six patients (6/13), the abdomen was closed in the same procedure; in two patients (2/13), NPWT was used; and in five patients (5/13), the Bogota bag was used. The mortality rate was 69% among patients with emergency laparotomy until hospital discharge. They described intraoperative major hemorrhage to be rare (2/13; 15.4%). Among our patients, two cases of bleeding could be identified, of which none was intraoperative. One was due to initial trauma and one was during ECMO support. In 2018, Glowka et al. analyzed 175 patients who underwent ECMO support. Eleven out of 175 patients developed an ACS and underwent decompressive laparotomy (11/175; 6.3%). In four of these patients (4/11), ECMO support was performed as veno-venous, and in seven patients (7/11), it was veno-arterial. Eight of them (8/11; 72%) died while in the hospital, and age was described as a risk factor (15). In comparison, the prevalence of laparotomy and the mortality in our patient group was lower (1.9 vs. 3.7% and 6.3%; 50 vs. 69% and 72%). As our median patient age was lower in the ones who survived, we also suggest age to be a risk factor for a fatal outcome. In all of our patients who did not survive, abdominal packing was performed. That is why we believe abdominal packing to be a risk factor with a potentially fatal outcome. However, there is also a bias, since patients requiring abdominal packing are usually in a worse condition than those who do not. The low number of eligible patients in all these studies including our analysis is an indication of the rare incidence of ACS in this patient group rather than a significant quality of medical therapy.

We did not find any literature giving a more precise indication about the state of an OA from the surgical point of view, like type, duration, and number of surgical procedures in patients on ECMO. Since none of our patients has had any kind of outpatient follow-up after the inpatient stay, our study cannot describe any long-term complications after the abdominal closure.



CONCLUSION

The development of ACS, leading to the necessity of decompressive laparotomy followed by an OA, is a rare complication of patients on ECMO support, but has a relevant mortality. On the other hand, the secondary closure rate of the fascia is very high. The need of abdominal packing seems to be a risk factor for a fatal outcome. However, the small number of our includable eight patients limits any conclusion. Accordingly, a prospective multicenter study with more patients is necessary to confirm our results.
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