Partition technique in management of difficult abdominal fascia closure
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Background: The partition technique is a kind of method to repair abdominal fascia defects with autologous tissue. We present hereby our experience in 11 cases and report the relationship between some parameters and complication rates. 

Methods: From January 2006 to March 2010, eleven patients with complex abdominal fascia defects underwent reconstruction using the partition technique. The related data including gender, age, size of defect, duration of follow-up, comorbidities, mean fascia defect width/abdominal circumference ratio, body weight, body mass index (BMI), serum albumin level and complications were collected. With regard to immediate postoperative outcome, patients were divided into two groups: patients without and with complications. The nonparametric Mann-Whitney test was used to evaluate the differences between the groups; the receiver operating characteristic curve was used to assess the area under the curve, cut-off value, sensitivity and specificity of each parameter. The relationships between comorbidities and postoperative complications were analyzed by chi-square analysis. 

Results: The mean fascia defect size was 11.85 cm; the mean follow-up was 18.64 months; the mean fascia defect width/abdominal circumference ratio was 13.98 %. Postoperative complications occurred in four patients. Compared with patients without complications, the group of patients with complications had a significantly larger fascia defect and greater fascia defect size/abdominal circumference ratio. The area under curve (AUC) for fascia defect size/abdominal circumference ratio (1.00) and fascia defect size (0.928) indicated that these two factors were good predictors. At one-year follow-up, no patients developed any abdominal wall complications.
Conclusions: The partition technique may be a single-stage solution to complex abdominal fascia defects, and the fascia defect width/abdominal circumference ratio is the most reliable parameter to predict the probability of complications.
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Introduction

  Difficult abdominal wall closure is a great challenge especially for patients with abdominal compartment syndrome or repetitive abdominal surgery. Delayed abdominal wall closure may cause wound infection, bowel ischemia, ventral hernination and cosmetic dysfunction. Different methods including split thickness skin graft
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, local or free flap transfer
5,6
 have been reported with different benefits. The component separation technique was suggested to be a natural method of fascia-fascia closure without complications of artificial implants because of  creation of the linea alba, successfully providing a midline anchor.8
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 However, components separation is indicated only when the defect does not exceed 6 cm in the subxiphoid area, 10 cm at the waist, and 5 cm in the suprapubic region, respectively, on either side.
  The partition technique is another method considered to close abdominal fascia defect naturally. Although the partition technique was recommended in abdominal fascia closure, we still have found some unrelated complications, such as partial skin loss or small ventral herniation. In this study, we present our experience in difficult abdominal fascia closure with the partition technique and reliable parameters to predict the complications.
Patients and methods

  This study analyzed the results of the partition technique for difficult abdominal fascia closure performed in 11 patients (nine males and two females; age range: 20-71; mean age: 45.6 years) between January 2006 and March 2010. All patients enrolled in this study had abdominal fascia defects. The fascia defect was defined as the maximum distance between both rectus abdominis sheaths on the computed tomography (CT) of the abdomen before operation, and recorded as fascia defect width. The abdominal circumference was defined as the distance of outer muscle layer plus fascia defect width on the abdominal CT. The disorders causing difficult abdominal wall closure included wound dehiscence after repetitive operation, acute abdomen or blunt abdominal trauma. The average weight of the patient was 65.82 kg (range: 53-78.5). Five of eleven patients were smokers, one was diabetic, and two were hypertensive. 

Surgical technique

 The technique was described in detail in Lindsey’s study.9

 To be brief, the bowel is released initially from the abdominal wall (Figure 1A) and then the subcutaneous layer was dissected from the margin of the fascia defect to anterior axillary lines bilaterally (Figure 1B). Parallel, parasagittal, staggered releases are thus achieved of the transversalis fascia, transversalis muscle, external oblique fascia, external oblique muscle, and rectus fascia from the costal margin to the pelvic inlet (Figure 1C). Fascia-to-fascia closure in the midline by Vicryl 1-0 (Figure 1D). Two Jackson-Pratt drains are routinely placed underneath the subcutaneous skin flaps and allowed to remain in that location until drainage is less than 20 cc in a 24-hour period, at which time the drains are removed. 

Data collection

 The sex, age, body weight, body mass index (BMI), width of defect, fascia defect width/abdominal circumference ratio, serum albumin level and comorbidities (hypertension, diabetes mellitus, and smoking) of each patient were collected for statistical analysis. 

Statistical Analysis

The parameters were not normally distributed. Since the sample sizes of the two groups were also different, the nonparametric Mann-Whitney test was used to determine the magnitudes of between-group differences. Values of p < 0.05 were considered statistically significant. The diagnostic accuracy of parameters significantly different among the two groups was analyzed by the receiver operating characteristics (ROC) curve. Chi-square analysis was used for the differences of comorbidities (hypertension, diabetes mellitus, and smoking). All the data for statistical analysis were processed with GraphPad Prism 5.0 for Windows. 
Results

Table 1 gives a summary of the patients and reconstructive outcomes. The mean defect width was 11.85 cm (range, 8 to 18.9cm). The mean follow-up was 18.64 months (range, 12 to 38 months). The mean defect width/abdominal circumference ratio (%) was 13.99 % (range, 11.4 to 23.04 %). Postoperative complications occurred in four of the eleven patients, but in two of them healed spontaneously without surgery. The other two cases needed further debridement and closure. At 6-month follow up, the CT showed no herniation in any patients. At one-year follow-up, none of the patients developed abdominal wall complications. 

Table 2 gives a summary of related parameter of both groups (patients without complications vs. patients with complications). There was a significant difference between the two groups in fascia defect width/abdominal circumference ratio (%) and width of defect (cm) (12.16 vs. 17.17 and 10.37 vs. 14.45, P<0.05). There was no significant difference between the two groups in body weight (kg), BMI, age or albumin level (66.67 vs. 64.75; 23.18 vs. 24.03; 43.29 vs. 55.75; 3.09 vs. 2.55; P>differences 0.05). 

Table 3 gives a summary of the area under the curve (AUC) of each parameter. AUC was 1.0 for fascia defect width/abdominal circumference ratio (Fig.2, upper left), 0.9286 for width of defect (Fig.2, upper right), 0.7321 for age (Fig.2 middle left), 0.5417 for body weight (Fig.2 middle right), 0.5833 for BMI (Fig.2 lower left) and 0.6876 for serum albumin level (Fig.2 lower right). The cut-off value (sensitivity, specificity) was 13.99% (100%, 100%) for defect width /abdominal circumference ratio, 11.35 cm (100%, 85.71%) for width of defect, 48-years for age, 67 kg for body weight, 25.63 (kg/m2) for BMI and 2.55 g/dL for serum albumin level.
 Table 4 shows chi-square analysis for comorbidities (hypertension, diabetes mellitus, and smoking) between patients with and without complications. No statistically significant differences between comorbidities and postoperative complications were noted.
Representative reports
Case 1  

This 71-year old man had transverse colon perforation after right hemicolectomy and ileostomy, and was admitted on account of ileus. The patient underwent exploratory laparotomy for enterolysis, and temporary closure of the wound with a Bogota bag was performed. The width of the fascia defect on the abdominl CT was 11.7 cm, and the fascia defect width/abdominal circumference ratio was 0.168. The partition procedure was performed as mentioned before. At six-month follow up, no ventral hernia was found on the abdominal CT. (Fig. 3).
Case 2  
This 47-year old man was a victim of blunt abdominal trauma with grade IV liver laceration and hemoperitoneum. The patient underwent exploratory laparotomy for decompression of abdominal compartment syndrome. Hepatorraphy with temporary closure of the wound with a Bogota bag was performed. The Bogota bag was replaced by a skin graft two months later. The width of the fascia defect and fascia defect width/abdominal circumference ratio were 10.2 cm and 0.13, respectively. Further fascia repair and wound closure by partition technique was suggested six months after exploratory laparotomy. The enterolysis was carried out by a general surgeon. The subcutaneous layer was dissected to middle axillary lines on both sides. Parallel, parasagittal, staggered releases of the transversalis fascia, transversalis muscle, external oblique fascia, external oblique muscle fascia from the costal margin to the pelvic inlet were performed. The fascia was closed with Vicryl 1-0 followed by two Jackson-Pratt drains underneath the subcutaneous skin flaps. At six-month follow up, no wound infection, dehiscence or ventral hernia was found (Fig. 4). 
Discussion 

  The partition technique was presented by Lindsey in 2003 which initially dissected the skin and subcutaneous tissue from the muscle layer, bilaterally to the anterior axillary lines, followed by parallel, parasagittal, staggered releases of the transversalis fascia, transversalis muscle, external oblique fascia, external oblique muscle, and rectus fascia from the costal margin to the pelvic inlet.9

 Compared with temporary silicon mesh or free flap use, the partition technique can close the abdominal fascia defect without donor site morbidity, and in fact decreased the infection rate and yielded better cosmetic function. Compared with component separation technique, the partition technique may be used to close larger abdominal fascia defects because of more space released from both external oblique muscle and transversalis muscle than external oblique muscle alone anatomically. In addition, the patients with stomy may have an adhesive muscle layer, which will limit the mobilization of the external oblique muscle in the component separation technique. The advantage of the partition technique here is that it supplies elastic space by the partition method even in the adhesive tissue around the stomy. 
 In this study, four of the eleven cases suffered from complications (two major complications requiring further debridement and two minor complications). The analysis of related parameters including age, width of fascia defect, fascia defect width/abdominal circumference ratio, body weight, albumin level and BMI suggested that the fascia defect width/abdominal circumference ratio is the most reliable parameter followed by width of fascia defect to predict the immediate postoperative complications of abdominal fascia closure by the partition technique. In the literature hypoalbuminemia of different extents (Khan et al.10

: <35gm/L; Markel et al.
Under ROC curve analysis, the cut-off value in fascia defect width/abdominal circumference ratio was 13.99% with high sensitivity and specificity (100% and 100%, respectively). All cases with fascia defect width/abdominal circumference ratio larger than 13.99% showed complications of different extents in our study. The other cases with fascia defect width/abdominal circumference ratio smaller than 13.99% showed no complications post-operatively. In addition, we also found that the fascia defect width was another important factor to predict complications of complex abdominal wall closure. Under ROC curve analysis, the cut-off of abdominal fascia defect was 11.35 cm with high sensitivity (100%) and specificity (85.71%). In our case-series, five of eleven cases had abdominal wall fascia defect larger than 11.35 cm, and four of these five patients had complications. The only one without complication (fascia defect width: 15 cm) had a low fascia defect width/abdominal circumference ratio (12.33%). The other six cases with abdominal wall fascia defect less than 11.35 cm had no complications. In Lindsey’s study, the maximum abdominal wall fascia defect that partition technique could close was 35 cm, much larger than the maximum defect that we were able to close (18.9 cm) and three times the cut-off value in our study.9

 This might be because Asian people have a smaller abdominal circumference as compared with Caucasian people. According to our study, we can explain why there is a large fascia gap between Lindsey’s group and our series by the fascia defect width/abdominal circumference ratio. A case with high fascia defect width may have a low fascia defect width/abdominal circumference ratio just like our case with 15 cm in fascia defect width but only 12.33% of fascia defect width/abdominal circumference. Therefore, we would like to emphasize that the calculation of fascia defect width/abdominal circumference ratio is more important than that of the fascia defect alone.

Our study found comorbidities (hypertension, diabetes mellitus and smoking) were statistically not significant in postoperative complications. However, Ko et al. suggested that diabetes mellitus was associated with increased minor complications in components separation technique for abdominal wall repair.13

 The discrepancy between our findings and those by other authors in the literature may be due to the insufficient sample size of our series.  
There was one drawback in this study: the sample number was not large enough, which might have influenced the reliability of the cut-off value, sensitivity and specificity of this study. However, according to the literature review, this was the first study attempting to elucidate the related parameters to predict the complications and demonstrate their importance in clinical usage for abdominal fascia reconstruction. The concept of fascia defect width/abdominal circumference ratio may be applied to abdominal fascia defect cases reconstructed not only by the partition technique but also by the component separation method. Besides, preoperative analysis of fascia collagen may provide another way for predicting the complication rate. Fachinelli et al. found a greater amount of elastin in linea alba aponeurosis in patients with abdominal wall hernias as compared to the control group of cadavers without hernias.14

 White et al. presented the collagen I/III ratio in skin biopsies from the recurrent hernia group to be significantly lower than in control subjects.
  In conclusion, the partition technique might provide an effective method for reconstruction of difficult abdominal fascia defects. According to our findings, the fascia defect width/abdominal circumference ratio might be a reliable parameter in evaluating the complication rates of abdominal fascia closure by the partition technique. 
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Figure Legend
Figure 1. Diagram of the surgical procedure. The bowel was released initially from the abdominal wall (A) and then the subcutaneous layer was dissected from the margin of fascia defect to anterior axillary lines bilaterally (B). Parallel, parasagittal, staggered releases were achieved of the transversalis fascia, transversalis muscle, external oblique fascia, external oblique muscle, and rectus fascia from the costal margin to the pelvic inlet (C). Fascia-to-fascia closure in the midline by Vicryl 1-0 (D).
Figure 2. ROC curve for fascia defect width/abdominal circumference ratio, width of defect, age, body weight, BMI and serum albumin level. 

Figure 3. Case 1. (Left) Computed tomography with enhancement showed an ileostomy in the right abdomen and a fascia defect that was 11.7 cm in width (Right) Computed tomography with enhancement showed no evidence of recurrence of hernia. 
Figure 4. Case 2. (Upper Left) Skin graft for abdominal wound coverage. (Upper middle) The width of the defect on abdominal CT was 10.2 cm. (Upper right) parallel, parasagittal, staggered releases were achieved of the external oblique fascia, external oblique muscle, transversalis fascia, and transversalis muscle with partition technique. (Lower left and middle) No ventral herniation or wound dehiscence noted six months after the partition technique. (Lower right) No fascia defect found on abdominal CT. 
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