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Abstract

Background—Hernia formation is common following abdominal operations and transplant 

patients are at increased risk due to their need for postoperative immunosuppression. The purpose 

of this study is to estimate the incidence of incisional hernia formation following primary 

abdominal solid organ transplantation and identify clinical risk factors for hernia formation.

Methods—We performed a single-institution retrospective review of a prospectively collected 

database to evaluate all patients who underwent primary liver, kidney, or pancreas transplantation 

between 2000 and 2011. The primary outcome measure was hernia formation at the transplant 

incision. Univariate and multivariate Cox proportional hazards models were used to identify risk 

factors for incisional hernia formation.

Results—3460 transplants were performed during the study period: 2247 kidney only, 718 liver 

only, and 495 pancreas or simultaneous pancreas and kidney (pancreas group). The overall 

incisional hernia rate was 7.5%. The Kaplan-Meier rates of hernia formation at 1, 5, and 10 years 

were 2.5%, 4.9%, and 7.0% for kidney; 4.5%, 13.6%, and 19.0% for liver; and 2.5%, 12.7%, and 

21.8% for the pancreas groups. On univariate analysis, surgical site infection (SSI), body mass 

index (BMI) >25, delayed graft function (DGF), and absence of a calcineurin inhibitor or 

mycophenolic acid (MMF) were associated with hernia formation in the kidney group. SSI and 

BMI>25 were associated with hernia formation in the liver group. In the pancreas group, SSI, the 

use of cyclosporine, and lack of MMF were all associated with hernia formation. On multivariate 

analysis, SSI was strongly associated with hernia formation in all groups (Hazard Ratio (HR): 

Kidney = 24.71, p<0.001; Liver = 12.0, p<0.001, Pancreas = 12.95, p=0.001).
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Conclusion—Incisional hernias are common following abdominal organ transplant with nearly 

one in five patients developing an incisional hernia five years after liver of pancreas 

transplantation. Strategies focusing on prevention and early treatment of SSI may help to decrease 

the risk of incisional hernia formation following abdominal organ transplantation.
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Introduction

Incisional hernia formation is a major cause of postoperative morbidity following open 

abdominal operations. The Centers for Disease Control estimates that roughly 4–5 million 

laparotomies are performed annually in the US [1]. Rates of incisional hernia formation 

range from 2 to 20% following laparotomy [2, 3]. There are approximately 350,000 ventral 

hernia repairs done in the US each year and as many as 200,000 are associated with a prior 

incision [3–6]. Hernias following abdominal organ transplantation are of particular concern 

as patients are placed on immunosuppressive medications postoperatively, which may 

increase the risk of incisional hernia formation due to an associated impairment in the 

wound healing process.

More than 22,000 solid organ transplants were performed in the United States in 2013, 

including 15,416 kidney transplants, 5,913 liver transplants and 953 pancreas and 

simultaneous pancreas and kidney transplants [7]. Previous studies have examined the 

incidence and risk factors for incisional hernia formation after abdominal organ 

transplantation. Estimates of hernia formation after kidney transplantation range from 1.6 – 

18% [8–10]. Hernia formation after liver and pancreas transplantation tends to be more 

common, with estimates ranging from 1.7–32.4% [11–17] and 13–34.8% [18, 19], 

respectively.

While previous studies have examined incisional hernia formation after specific transplants, 

such as kidney transplant, no study to our knowledge has analyzed potential risk factors for 

kidney, liver, and pancreas transplantation. The goal of this study is to estimate the 

incidence of and risk factors for incisional hernia formation following primary abdominal 

solid organ transplantation.

Materials and Methods

Data Source

The Division of Transplant Surgery at the University of Wisconsin maintains a longitudinal 

database of all transplant recipients. We performed a single institution retrospective review 

of this prospectively collected database to evaluate all patients who underwent primary liver, 

kidney, or pancreas transplantation between 2000 and 2011.
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Study Population

All patients undergoing abdominal solid organ transplantation during the study period were 

included in the analysis. Patients who developed an incisional hernia at their transplant 

incision were identified using coding data. Incisional hernias at any site other than the 

transplant incision, port-site hernias, stoma hernias, internal hernias, and umbilical hernias 

were excluded. The electronic medical record for all patients with identified hernias was 

reviewed to identify the location of the incision during surgery and to ensure the site of 

hernia corresponded with the incision used for transplantation.

Data Collection

Baseline demographics including age, sex, ethnicity, and body mass index (BMI) were 

included for all patients. We also collected data on the specific immunosuppressive 

medications used for induction and maintenance, presence of diabetes, presence of wound 

infection, primary and secondary cause for transplant organ failure, model end-organ liver 

disease (MELD) score for liver recipients, and development of delayed graft function for 

kidney recipients, which was defined as the need for dialysis within the first seven days after 

transplant. The primary outcome was formation of incisional hernia at the transplant site.

Statistical Analysis

Incisional hernia and incisional hernia repair rates were estimated utilizing the methods of 

Kaplan and Meier. Potential risk factors for 1) the formation of incisional hernia and 2) 

those requiring incisional hernia repair were evaluated with Cox proportional hazards 

models. An indicator variable representing post-transplant wound infection was evaluated as 

a time-varying covariate. P-values less than 0.05 were considered as significant. Variables 

deemed to be significant in univariate models were included in a multivariable model. All 

analyses were performed using SAS statistical software version 9.2 (SAS Institute Inc., 

Cary, NC).

Results

A total of 3,460 transplants were performed in the study period. Twenty-two hundred, forty-

seven patients underwent kidney transplant, 718 received liver transplants, and 495 

underwent either pancreas or simultaneous pancreas and kidney (SPK) transplantation 

(pancreas group). Median follow-up was 4.6, 4.2 and 5.6 years in the kidney, liver, and 

pancreas groups, respectively. Baseline demographics and immunosuppression regimen are 

shown in Table 1. The rate of incisional hernia formation for the entire cohort was 7.5% 

(n=258). The Kaplan-Meier rates of hernia formation at 1, 5 and 10 years are displayed in 

Figure 1 and were 2.5%, 4.9%, and 7.0% for kidney; 4.5%, 13.6%, and 19.0% for liver; and 

2.5%, 12.7%, and 21.8% for the pancreas group. Estimates for repair of incisional hernia 

were slightly less with rates at 1, 5, and 10 years of 2.1%, 4.2% and 6.1% for kidney; 3.4%, 

12.1% and 16.2% for liver; and 2.1%, 10.6% and 19.4% for pancreas groups.

The results of our univariate analysis are summarized in Table 2. Surgical site infection 

(SSI) was found to be a strong predictor of hernia formation in all three groups. Hazard 

ratios (HR) were 28.8 for kidney (p<0.001), 13.2 for liver (p<0.001), and 13.0 for the 
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pancreas group (p<0.001). BMI greater than 25 kg/m2 was associated with hernia formation 

in both the kidney and liver groups with HR of 1.8 (p=0.015) and 1.9 (p=0.044), 

respectively. This was not the case in the pancreas group, which had a lower average BMI 

(HR=1.1, p=0.81). BMI less than 18.5 was not predictive of hernia formation. DGF was a 

significant risk factor in the kidney group, (HR=1.9, p=0.003). Failure to initiate treatment 

with a calcineurin inhibitor during the initial hospitalization was a significant risk factor for 

hernia formation in the kidney group (HR=2.3, p=0.002) and the pancreas group (HR=3.6, 

p<0.001). Additionally, failure to initiate MMF during initial hospital stay was also a risk 

factor in both of these groups (HR=2.5, p=0.001 and 3.1, p=0.004, respectively). Age, race, 

and gender were not statistically significant risk factors for hernia formation in any of the 

groups. MELD score was not associated with an increased hernia risk in the liver group. 

Neither the presence of diabetes nor the choice of agent used for induction 

immunosuppression therapy was predictive of hernia formation for any group.

On multivariate analysis, SSI was an independent risk factor for incisional hernia formation 

in all groups (Table 3). Failure to initiate MMF therapy during the initial hospitalization was 

predictive of hernia formation in the kidney group (HR=2.9, p<0.001) as was initiation of 

cyclosporine in the pancreas group (HR=3.7, p<0.001).

Discussion

In this study we report the incidence and risk factors for incisional hernia formation after 

abdominal solid organ transplant. The Kaplan-Meier estimates indicate that hernias continue 

to form as far out as 10 years after surgery with one in five patients forming an incisional 

hernia after liver or pancreas transplantation. Not surprisingly, we found that the presence of 

surgical site infection is a significant risk factor for hernia formation. This is of particular 

importance in this patient population as transplant patients are at increased risk for this 

complication given their baseline organ dysfunction and need for immunosuppression 

postoperatively. Initial choice of immunosuppression agent also seems to have an effect on 

postoperative hernia formation. The lack of MMF or calcineurin inhibitors in the initial 

immunosuppressive regimen was associated with increased hernia risk.

Incisional hernias are a major source of postoperative morbidity as most require surgical 

repair at some point. The rate of hernia formation following solid organ transplantation has 

been previously studied. Estimates of hernia formation after kidney transplantation range 

from 1.6 – 18% [8–10]. Humar and colleagues found 73 hernias in 2013 patients undergoing 

renal transplantation for a rate of 3.6% [20]. They found that the use of MMF and obesity 

were both significant risk factors for hernia formation. Nanni and colleagues compared 

incision types in renal transplant and showed a reduction in hernia formation by switching to 

an oblique incision from a J-shaped flank incision [21]. Mahdavi found BMI, age and 

female gender to be risk factors in a study of 589 kidney recipients with 16 incisional 

hernias (3%) [22]. This is similar to rates reported by Mazzucchi (3.8%) [8]. Several other 

studies report rates as low at 1.6% [9, 23]. One author reported incisional hernia rates of 

18% with the use of Sirolimus [10].
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Hernia formation after liver transplantation tends to be higher, with estimates ranging from 

1.7 – 32.4% [11–17]. A German study in 2002 reported a 17% rate of incisional hernia 

formation in 290 liver transplants over 10 years. They identified acute rejection (treated with 

steroids), postoperative thrombocytopenia, and Mercedes type incision as risk factors [14]. 

Other studies have implicated steroids as a risk factor for hernia formation as well [24]. The 

use of the Mercedes type incision was also associated with hernia in Piazzese’s study, which 

reported a low rate of incisional hernia at 4.9% [11]. A separate study of almost 1000 

patients reported incisional hernia rates below 5% with exclusive use of the Mercedes 

incision [12]. In a letter to the editor, Gastaca reported a low rate of hernia formation (1.7%) 

in over 600 patients with the use of a bilateral subcostal incision without midline extension 

[17]. Montalti reported a rate of 32.4% and identified the mTOR inhibitor rapamycin as a 

risk factor along with male sex, higher BMI, and MELD > 22 [15]. Fikatas and colleagues 

found the use of MMF to be a risk factor for hernia formation in over 800 patients 

undergoing liver transplant [25]. A study by Kahn also shows MMF to be a risk factor [13]. 

They reported a higher hernia rate at over 23% and included Sirolimus as part of the 

immunosuppression regimen in almost 20% of those with hernias. This study also 

implicated end stage liver cirrhosis when compared with hepatocellular carcinoma.

Rates of incisional hernias after pancreas transplantation are also high, with estimates 

ranging from 13 to 34.8% [18, 19]. Hanish specifically looked at BMI as a risk factor [19]. 

Although BMI may prove to be a significant risk factor, our study would suggest that only a 

small percentage of pancreas transplant patients may fall in the obese or even overweight 

classification. The only other report of incisional hernia rates following pancreas transplant 

was a small series of 23 patients with a hernia rate of 34.8% [18].

We found rates of hernia formation at 10 years in the kidney, liver, and pancreas group of 

7.04%, 19.04%, and 21.76%, respectively. These rates fall within estimates from previous 

studies [8–25]. Our data further corroborates pervious findings that patients may continue to 

form hernias many years after the index operation [26, 27]. This supports the belief that 

long-term follow up is needed for true estimates of hernia formation. Similar to other 

previous studies [32–36] we also found that SSI was the strongest risk factor for hernia 

formation. This is likely related to bacterial proliferation evoking an immune response and 

altering normal collagen synthesis and wound healing. With underlying organ dysfunction 

and immunosuppressive medications, transplant patients are at increased risk for SSI [28] 

and, subsequently, incisional hernias. Thus efforts to 1) recognize and aggressively treat SSI 

and 2) reduce infections would likely have secondary benefits of reducing the risk of hernia 

formation.

As suggested in many studies cited above, our study corroborates the findings that obesity is 

also a risk factor for hernia formation. Our univariate analysis demonstrated that obesity was 

a significant risk factor for hernia formation in both the kidney and liver groups, but on 

multivariate analysis obesity remained a significant risk factor only for patients undergoing 

liver transplantation. While the relationship between obesity and hernia formation may be 

related to increased intraabdominal pressure placing mechanical stress on the incision, obese 

patients may also be at increased risk of SSI, which might explain the reduced association in 
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our multivariate analysis. We did not find an association in the pancreas group, likely due to 

a lower mean BMI in this group.

Our findings also indicate that the immunosuppression regimen may be an important and 

modifiable risk factor for hernia formation. Several previous studies have found variable 

results but seem to implicate high dose steroids and Sirolimus with higher rates of hernia 

formation [10, 13, 14, 24]. One study from 2002 compared MMF and Sirolimus directly and 

found significantly more wound complications with Sirolimus [29], a finding supported by a 

similar study in heart transplant patients [30]. We were surprised to find that failure to 

initiate therapy with MMF or calcineurin inhibitors was associated with a higher risk of 

hernia formation, as other studies have found MMF to be a risk factor for hernia formation 

[13, 25]. The decision to withhold calcineurin inhibitors and MMF during the initial 

hospitalization involves many potential clinical factors that likely include DGF of the 

transplanted kidney, presence of infections, and severe side effects of the medications. Thus 

it is not clear whether the increased risk associated with their non-use is directly due to the 

medication or some other confounding variable that was not included in our dataset. We 

suspect that the non-use of MMF and calcineurin inhibitors is likely a surrogate for other 

clinical factors not studied in our analysis. Further research in this area is clearly needed.

While our study is one of the largest to examine hernia formation in a diverse population of 

abdominal organ transplant patients, there are several limitations. First, all data was from a 

single institution and may not be broadly generalizable. Additionally, while our database is 

maintained by trained abstracters it is possible that there were coding errors in some of the 

variables. For example, our dataset did not include laboratory values for immunosuppressive 

regimens and thus adherence to immunosuppressive regimens could not be measured. 

Lastly, the diagnosis of incisional hernia was largely made clinically and not with routine 

radiographic studies. Thus, the overall rates of hernia formation may be underestimated as 

some subclinical hernias may have been missed.

In conclusion, we found that BMI and SSI are significant risk factors for incisional hernia 

formation following abdominal solid organ transplantation. Efforts to reduce SSI may 

provide the most significant reduction in hernia formation in this patient population. 

Additionally, the choice of the initial immunosuppressant agent may also play a role in 

hernia formation but further research is needed to definitively determine which agent may be 

the most appropriate.
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Figure 1. 
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Table 1

Baseline patient characteristics

All (n = 3,460) Kidney (n = 2,247) Liver (n = 718) Pancreas/SPK (n = 495)

Age (y) 49.9 +/− 12.4 50.9 +/− 13.0 53.6 +/− 9.7 40.1 +/− 7.6

Body Mass Index (kg/m2) 27.6 +/− 5.5 27.8 +/− 5.3 28.9 +/− 6.3 24.9 +/− 3.8

Female (%) 39.1 39.5 36.5 40.9

African American (%) 7.2 9.5 2.1 4.2

Diabetes (%) 31.7 26.8 0 99.8

Cyclosporine (%) 28.3 40.1 8.1 3.8

Tacrolimus (%) 61.3 45.4 89.1 92.9

Azathiopurine (%) 0.4 0.4 0.6 0.2

Mycophenolate mofetil (%) 89.5 94.9 67.7 96.4

Delayed Graft Function (%) NA 17.5 NA NA

MELDa NA NA 20.46 +/− 9.08 NA

Simultaneous Pancreas and Kidney (%) NA NA NA 90.5

a
MELD - Model End Organ Liver Disease,

NA=Not Applicable)
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