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Abstract

Background
Incisional hernia is one of the most frequent complications after abdominal 
surgery, with incidences up to 30%. A reliable biomarker for the prediction 
of this complication is lacking. Advanced glycosylation end products 
(AGEs), also known as non-enzymatic collagen crosslinks, are correlated 
with aging, smoking, hyperglycemia, hyperlipidemia and oxidative stress. 
In this study the accumulation of AGEs and the relation between AGEs and 
incisional hernia were investigated. 

Materials and Methods
In an exploratory case-control study, twenty-three patients with incisional 
hernia after midline incision were compared with seventeen patients 
without clinical or radiological signs of incisional hernia after midline 
incision, AGEs were measured using a Skin Auto Fluorescence (SAF)-reader. 

Results
Twenty-three patients with a clinically significant incisional hernia and 
17 control patients were included. The study groups had significant 
differences in mean BMI. There was a significant difference between mean 
AGEs in patients with and without incisional hernia after midline incision 
(3.00±0.15 vs. 2.56±0.11, T-test p=0.03). 

Conclusion
AGE accumulation measured in the skin indirectly with autofluorescence 
might be associated with incisional hernia. Prospective larger trials should 
confirm this finding.  
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Introduction

Incisional hernia is the most frequent complication of abdominal surgery 
requiring a reoperation. The reported incidence of incisional hernia following 
abdominal surgery ranges from 2-30%.1-6 The cause of this frequent complication 
of abdominal surgery is unclear. Several factors may play a role, like suboptimal 
operative technique, postoperative complications such as wound infections, 
increased abdominal wall tension or disturbed metabolism in the extracellular 
matrix.7

A strong indication that the latter may play a role is the increased incidence of 
abdominal wall hernias in patients with aortic aneurysmatic disease. Other 
patient related factors like age, smoking, type 2 diabetes mellitus (DM), obesity, 
connective tissue diseases (i.e. Marfan’s disease) and renal failure, are also known 
to affect both the metabolism in the extracellular matrix thereby promoting 
incisional hernia formation.2,7-10

In other connective tissue diseases like prolapse of the posterior vaginal wall, a 
significant higher level of Advanced Glycolysation Endproducts (AGEs) was found 
in tissue samples of the posterior vaginal wall.11,12 AGEs are essential biomarkers 
of metabolic and glycemic stress. AGEs form cross-links with matrix proteins like 
collagen, laminin and elastin, undermining their flexibility. 13,14 AGEs have been 
implicated as causative factors in the progression of age-related diseases, such as 
atherosclerosis, diabetes and renal failure. AGEs accumulate in the human body 
with age.15 

Due to the autofluorescent properties of AGEs, measurements can be carried 
out on the skin using auto-fluorescent readers (AF readers).16 The levels of 
accumulated AGEs measured in the skin correlate with systemic AGE levels.17

This study aimed to explore the relationship between AGE levels, (measured with 
auto fluorescence) in incisional hernia patients in comparison to control patients 
with a history of abdominal surgery without an incisional hernia after surgery. 
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Materials and Methods

Study population
The local medical ethical committee approved the study protocol and signed 
informed consent was obtained from all participants. Forty patients with a history 
of open abdominal surgery through a midline incision were included. The patients 
were grouped in two categories. The first group (the cases) were patients with a 
clinically relevant incisional hernia or history of incisional hernia after a median 
laparotomy at least one year before the study. The second group consisted of a 
control group of patients, who had undergone a median laparotomy at least one 
year before the study, without development of an incisional hernia, neither on 
CT-scan nor during physical examination. Patients with a follow up shorter than 
2 years have had a CT scan for diagnosis of “non-incisional” hernia. Patients with 
a parastomal hernia and patients with a darker skin tone were excluded, as the 
AGE-reader has not been validated in patients with this skin type.

AGE measurements
Skin AGE measurements were performed using a non-invasive AGE-reader (www.
diagnoptics.com, DiagnOptics BV, Groningen, the Netherlands).18 The AGE-reader 
illuminates skin surfaces of approximately 4 cm2, with a wavelength between 300 
and 420 nm (peak excitation 370 nm). Light reflections of the skin are measured 
with a spectrometer in the 300 to 600-nm range, using 200-μm glass fiber. Skin-
auto fluorescence (SAF) is measured on the volar side of the lower arm, 10 to 15 
cm below the elbow fold. Three consecutive measurements were performed on 
each patient. Hereafter, the mean SAF was calculated for each patient, to rule out 
local disruptions of auto fluorescence by imperfections of skin.

Statistics  
Differences on baseline characteristics between cases and controls were tested 
using chi-square tests (categorical variables: indication for surgery, ASA, comorbidity, 
smoking, sex) or Student’s t-test (continuous variables: age, BMI). If distributional 
assumption of normality was violated, Mann-Witney (MW) test was used. Mean SAF 
was calculated. The difference of mean SAF between cases and controls was tested 
using Student’s t-test. The distribution between mean SAF and AGE was visualised 
in a graph. ROC curve analysis was performed to evaluate the diagnostic value of 
SAF for incisional hernia formation. Statistical analysis was conducted using SPSS 
20.0 for MAC. A p<0.05 was considered to be statistically significant. 

45252 Joris Harlaar.indd   82 30-04-17   17:26



83

6

Results

Twenty-three patients with a clinically significant incisional hernia and 17 control 
patients were included. Twelve out of 17 (71%) controls have had a CT scan 
or ultrasound to confirm the non-incisional hernia. The other 5 patients had 
non incisional hernia diagnosed by clinical examination at least 2 years after 
operation. The study groups had significant differences in mean BMI. There was 
no difference between groups with regard to indication for operation, age, sex, 
American Society of Anesthesiologists score (ASA), cardiovascular disease, renal 
failure smoking and presence of COPD (Table 1). 

Table 1.Basic characteristics   

 Incisional hernia No incisional hernia p value
 n =23 n=17

Indication    
Cancer 6 10 0,111*
AAA 3 1 NS* 
other 14 () 6 (35) NS* 
ASA -classification (%) 
ASA 1 4 (24) 5 (29) 0,458*
 ASA 2 10 (40) 9 (53) NS* 
 ASA 3 8 (32) 3 (18) NS* 
 ASA 4 1 (4) 0 NS* 
Comorbidity, n (%)
COPD 9 (36) 2 (12) 0,057*
Diabetes mellitus 2 6 (24) 2 (12) NS*
Renal failure 1 (4) 2 (12) NS*
Cardiovascular 13 (52) 9 (53) NS*
Smoking (%) 3 (12) 7 () NS*
Sex
 male 16 (64) 6(35) 0,53*
 female 7 (36) 11 (65) NS* 
Age
years 67  (54-82) 71  (55-89) NS*
BMI
Kg/m2 30  (21-45) 25  (18-32) 0,005

* Chi-square
** t test

Skin auto fluorescence 
There was a significant difference between mean SAF in patients with and without 
incisional hernia after midline incision (3.00±0.15 vs. 2.56±0.11, T-test p=0.03). 
Figure 1 shows the relation between SAF and age in years. 
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Figure 1: relation between age in years and mean SAF

ROC curve analysis 
ROC curve analysis was performed to evaluate the diagnostic value of SAF for 
incisional hernia formation. (figure 2) The area under the curve (AUC) value for 
mean SAF was 0.71 (95% CI: 0.55–0.87) The mean SAF level, at cut off value of ≥2,5 
or higher had 83% sensitivity and 53% specificity. 

Figure 2: ROC curve Mean SAF incisional hernia versus no incisional hernia
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Discussion

This is the first study investigating the relationship between AGEs and incisional 
hernia, the most frequent long-term complication in general surgery. The non-
invasive measurement of SAF has a potential to select patients who are suitable 
for major surgical procedures. In this study we found a difference in SAF between 
patients with an incisional hernia and controls. In our study there were some 
younger incisional hernia patients with relatively higher levels of SAF and older 
patients without incisional hernia with relatively lower levels of SAF. The ROC 
curve showed a moderate sensitive diagnostic value of SAF for incisional hernia 
formation, but low specificity.

Age, smoking, type 2 diabetes mellitus (DM), obesity, aorta aneurism and renal 
failure are known individual risk factors for incisional hernia.(10) AGEs are 
elevated in DM, cardiovascular disease, smoking and renal failure patients 
especially in patients with a severe form and longer duration.(15) Measuring AGE 
accumulation with SAF may differentiate between high and lower risk groups 
within these known risk groups. For example an SAF level of above ≥2.70 is an 
independent risk factor for microvascular and macrovascular complications in 
DM and an independent predictor in 5-year mortality and cardiovascular events 
in patients with peripheral arterial disease.19,20

It is still unclear what the role of AGEs is in connective tissue metabolism and 
particularly in wound healing. Increased AGEs are correlated to inhibited 
expression of collagen type I and type III in human gingival fibroblasts.21 Several 
studies have shown that patients with incisional hernia have a decreased collagen 
type I/III ratio in the scar of the abdominal wall and the skin and in the uninjured 
fascia laterally to the scar postoperatively.8,22-24 A decreased collagen type I/ IIl 
ratio has been associated with increased fibrotic tissue, resulting in an impaired 
strength of connective tissue. Also Matrix Metallo Proteinases (MMPs) 1, 2, 9 and 
13 are up-regulated in incisional hernia patients. The balance between MMPs and 
their inhibitors, the tissue inhibitors of metalloproteinases (TIMPs), is one of the   
responsible factors for the remodeling of tissues.23,25,26 

This study has several limitations. A limitation of this exploratory study is the 
small number of patients that was included. No previous studies have evaluated 
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the correlation between SAF and hernia disease, and therefore, no sample 
size calculation could be performed. For this pilot study we included clinical 
significant incisional hernia’s which we compared with patients without clinical 
incisional hernia by the majority (71%) controlled by radiological examination. 
The majority of patients were examined several years after surgery. Unfortunately 
there is a small risk that later on incisional hernia might occur in the non-hernia 
groups. AGEs can also be elevated after a period of oxidative stress. A period of 
critical illness in the hospital or even intensive care may also influence SAF. The 
optimal set up for a future trial would be a large prospective (registry) trial with SAF 
measurements before surgery with standardized small bites closure technique 
and incisional hernia occurrence at least 3 years after surgery with both physical 
and radiological examination as a primary outcome. 

A preoperative screening tool or biomarker for postoperative surgical 
complications may be helpful to select patients who are fit for surgery. This 
could lead to prevention of major complications like wound complications or 
anastomotic leakage. High-risk patients may need a prophylactic mesh or a 
protective ileostomy. Larger prospective studies are needed to investigate this 
preoperative screening marker.

Conclusion
AGE accumulation measured in the skin indirectly with autofluorescence might 
be associated with incisional hernia. Large prospective trials with a standardized 
closure technique and radiological outcome measurement should confirm this 
data and investigate other extracellular matrix components to select high-risk 
patients for a tailor made approach. 
 

45252 Joris Harlaar.indd   86 30-04-17   17:26



87

6

References

1.	 Deerenberg EB, Harlaar JJ, Steyerberg EW, Lont HE, van Doorn HC, Heisterkamp J, et al. Small bites 
versus large bites for closure of abdominal midline incisions (STITCH): a double-blind, multicentre, 
randomised controlled trial. Lancet. 2015;386(10000):1254-60.

2.	 Raffetto JD, Cheung Y, Fisher JB, Cantelmo NL, Watkins MT, Lamorte WW, et al. Incision and abdominal 
wall hernias in patients with aneurysm or occlusive aortic disease. J Vasc Surg. 2003;37(6):1150-4.

3.	 Timmermans L, Eker HH, Steyerberg EW, Jairam A, de Jong D, Pierik EG, et al. Short-term results of 
a randomized controlled trial comparing primary suture with primary glued mesh augmentation to 
prevent incisional hernia. Ann Surg. 2015;261(2):276-81.

4.	 van ‘t Riet M, Steyerberg EW, Nellensteyn J, Bonjer HJ, Jeekel J. Meta-analysis of techniques for closure 
of midline abdominal incisions. Br J Surg. 2002;89(11):1350-6.

5.	 Diener MK, Voss S, Jensen K, Buchler MW, Seiler CM. Elective midline laparotomy closure: the INLINE 
systematic review and meta-analysis. Ann Surg. 2010;251(5):843-56.

6.	 Hodgson NC, Malthaner RA, Ostbye T. The search for an ideal method of abdominal fascial closure: a 
meta-analysis. Ann Surg. 2000;231(3):436-42.

7.	 Hoer JJ, Junge K, Schachtrupp A, Klinge U, Schumpelick V. Influence of laparotomy closure technique 
on collagen synthesis in the incisional region. Hernia : the journal of hernias and abdominal wall 
surgery. 2002;6(3):93-8.

8.	 Henriksen NA, Mortensen JH, Sorensen LT, Bay-Jensen AC, Agren MS, Jorgensen LN, et al. The collagen 
turnover profile is altered in patients with inguinal and incisional hernia. Surgery. 2015;157(2):312-21.

9.	 Sugerman HJ, Kellum JM, Jr., Reines HD, DeMaria EJ, Newsome HH, Lowry JW. Greater risk of incisional 
hernia with morbidly obese than steroid-dependent patients and low recurrence with prefascial 
polypropylene mesh. Am J Surg. 1996;171(1):80-4.

10.	 Hesselink VJ, Luijendijk RW, de Wilt JH, Heide R, Jeekel J. An evaluation of risk factors in incisional 
hernia recurrence. Surg Gynecol Obstet. 1993;176(3):228-34.

11.	 Jackson SR, Avery NC, Tarlton JF, Eckford SD, Abrams P, Bailey AJ. Changes in metabolism of collagen 
in genitourinary prolapse. Lancet. 1996;347(9016):1658-61.

12.	 Read RC. Signs of herniosis in women with vaginal prolapse and/or stress incontinence. Hernia : the 
journal of hernias and abdominal wall surgery. 2008;12(5):449-52.

13.	 Haus JM, Carrithers JA, Trappe SW, Trappe TA. Collagen, cross-linking, and advanced glycation end 
products in aging human skeletal muscle. J Appl Physiol (1985). 2007;103(6):2068-76.

14.	 Aronson D. Cross-linking of glycated collagen in the pathogenesis of arterial and myocardial stiffening 
of aging and diabetes. J Hypertens. 2003;21(1):3-12.

15.	 Koetsier M, Lutgers HL, de Jonge C, Links TP, Smit AJ, Graaff R. Reference values of skin autofluorescence. 
Diabetes Technol Ther. 2010;12(5):399-403.

16.	 Meerwaldt R, Links T, Graaff R, Thorpe SR, Baynes JW, Hartog J, et al. Simple noninvasive measurement 
of skin autofluorescence. Ann N Y Acad Sci. 2005;1043:290-8.

17.	 Meerwaldt R, Hartog JW, Graaff R, Huisman RJ, Links TP, den Hollander NC, et al. Skin autofluorescence, 
a measure of cumulative metabolic stress and advanced glycation end products, predicts mortality in 
hemodialysis patients. J Am Soc Nephrol. 2005;16(12):3687-93.

18.	 Mulder DJ, van Haelst PL, Gross S, de Leeuw K, Bijzet J, Graaff R, et al. Skin autofluorescence is elevated 
in patients with stable coronary artery disease and is associated with serum levels of neopterin and 
the soluble receptor for advanced glycation end products. Atherosclerosis. 2008;197(1):217-23.

19.	 Noordzij MJ, Mulder DJ, Oomen PH, Brouwer T, Jager J, Castro Cabezas M, et al. Skin autofluorescence 
and risk of micro- and macrovascular complications in patients with Type 2 diabetes mellitus-a multi-
centre study. Diabet Med. 2012;29(12):1556-61.

20.	 de Vos LC, Mulder DJ, Smit AJ, Dullaart RP, Kleefstra N, Lijfering WM, et al. Skin autofluorescence is 
associated with 5-year mortality and cardiovascular events in patients with peripheral artery disease. 
Arterioscler Thromb Vasc Biol. 2014;34(4):933-8.

21.	 Ren L, Fu Y, Deng Y, Qi L, Jin L. Advanced glycation end products inhibit the expression of collagens 
type I and III by human gingival fibroblasts. J Periodontol. 2009;80(7):1166-73.

45252 Joris Harlaar.indd   87 30-04-17   17:26



Chapter 6

88

22.	 Klinge U, Si ZY, Zheng H, Schumpelick V, Bhardwaj RS, Klosterhalfen B. Abnormal collagen I to III 
distribution in the skin of patients with incisional hernia. Eur Surg Res. 2000;32(1):43-8.

23.	 Klinge U, Zheng H, Si Z, Schumpelick V, Bhardwaj RS, Muys L, et al. Expression of the extracellular 
matrix proteins collagen I, collagen III and fibronectin and matrix metalloproteinase-1 and -13 in the 
skin of patients with inguinal hernia. Eur Surg Res. 1999;31(6):480-90.

24.	 Klinge U, Zheng H, Si ZY, Schumpelick V, Bhardwaj R, Klosterhalfen B. Synthesis of type I and III 
collagen, expression of fibronectin and matrix metalloproteinases-1 and -13 in hernial sac of patients 
with inguinal hernia. Int J Surg Investig. 1999;1(3):219-27.

25.	 Salameh JR, Talbott LM, May W, Gosheh B, Vig PJ, McDaniel DO. Role of biomarkers in incisional 
hernias. Am Surg. 2007;73(6):561-7.

26.	 Rosch R, Junge K, Knops M, Lynen P, Klinge U, Schumpelick V. Analysis of collagen-interacting proteins 
in patients with incisional hernias. Langenbecks Arch Surg. 2003;387(11-12):427-32.

45252 Joris Harlaar.indd   88 30-04-17   17:26



45252 Joris Harlaar.indd   89 30-04-17   17:26



45252 Joris Harlaar.indd   90 30-04-17   17:26


