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Abstract: Diaphragmatic injuries either by blunt or penetrating trauma require prompt surgical intervention and are 
often exigent to repair. N-butyl-2-cyanoacrylate (n-butyl-2-CA) is a tissue adhesive which has gained wide application 
in many areas of surgery including emergency. To repair the extensive injuries of the diaphragm it may be necessary 
the use of synthetic mesh by fixing it with sutures or staples. The use of tissue adhesives may circumvent the poten-
tial problems associated with mesh fixation. This study aimed to evaluate the efficacy and safety of tissue adhesives 
usage for mesh fixation in diaphragmatic injury repair. Twenty-four rats were divided into 3 groups each of them 
containing 8 rats. A 1- cm diaphragmatic defect was created in all rats. The defect was repaired by polypropylene 
suture in Group I, by mesh fixed with sutures in group II and by mesh fixed with n-butyl-2-CA in group III. The rats 
were sacrificed after 1 month. The episode of hernia and the adhesions were assessed by adhesion density score. 
Also, the abscess and inflammation in the repaired tissue were evaluated microscopically. The Kruskal-Wallis test 
was performed for the histopathological analysis. No diaphragmatic hernia was detected in any group. While Group 
III had higher adhesion density scores than group I (P: 0.027), there were no differences between group III and II 
(P: 0.317) and group II and I (P = 0.095) regarding adhesion density scores. The inflammation grade was higher in 
group III than group I and II (P < 0.001) and was higher in group II than group I (P < 0.05). There was no differences 
between each groups, concerning microabcsess formation (P > 0.05). Repair of traumatic diaphragmatic injury in 
penetrating wound, with polypropylene mesh fixed by n-butyl-2-CA in rats appears to be as efficacious and safe as 
conventional methods in early period. However, further experimental and clinical study are needed to compare the 
long-term results of adhesive mesh repair with those of the traditional sutured techniques.
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Introduction

The diaphragmatic injuries are detected in vari-
ous frequencies depending on the type of trau-
ma. The incidence of diaphragmatic injuries 
after gun-shot wounds and perforating traumas 
were reported 46% and 15%-26%, respectively. 
However, the incidence decreases to 4.5% after 
blunt trauma. Depending on the nature of trau-
ma, the injuries may be subtle especially in 
penetrating, isolated traumas. They are often 
unnoticed during first evaluation of the patient 
and lead to serious impact afterwards [1-3]. 
Therefore, in case of suspicion further diagnos-
tic tests are warranted. A large tear in the cen-

tral tendon is typically noticed after blunt 
trauma.

Since the laparoscopy becomes more frequent-
ly and efficiently used in trauma, the alertness 
of diaphragmatic injuries and laparoscopic 
treatment are increased [4]. While small lacera-
tions are closed with a nonabsorbable running 
sutures, large defects with extensive tissue 
loss may require synthetic mesh in the repair. 
Since the diaphragm is moveable, the repair by 
synthetic graft with suture fixation is technically 
challenging. Besides, there is a risk for phrenic 
nerve injury due to the sutures used in graft 
fixation [1, 5, 6]. 
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Cyanoacrilate has found a widespread practical 
use in medicine as a tissue adhesive [7-10]. 
Fixation of synthetic graft by other tissue adhe-
sives in inguinal hernia repair was reported 
recently [11]. TIMELI study [11] is a major inter-
national trial which stated that a tissue adhe-
sive, Tissucol, was efficient and safe compared 
with sutures, for mesh fixation in patients 
undergoing Lichtenstein technique for primary 
inguinal hernia repair. However, there was no 
report on the use in the repair of diaphragmatic 
injuries. 

The present study aims to compare the efficacy 
and safety of diaphragmatic repair with syn-
thetic graft by fixing cyanoacrilate and other 

techniques in rats with experimentally induced 
diaphragmatic injury. 

Materials and methods 

The study was carried out in Istanbul University 
Experimental Medical Research Unit. Twenty 
four Wistar-Albino male rats weighing 250-300 
gr were used. The rats were kept under routine 
laboratory conditions and fed on chow and ad 
libitum. 

Rats were divided into three groups each con-
taining 8 rats. Anesthesia were instituted by 
intraperitoneal injection of ketamine hydrochlo-
ride 90 mg/kg (Ketalar flakon, Eczacibasi, 
Istanbul). The abdominal region was shaved 

Figure 1. A: Diaphragmatic rupture; B: Repairing of the defect on the diaphragm with the polypropylene suture; C: 
Fixation of the polypropylene mesh with the suture; D: Fixation of the polypropylene mesh with the cyanoacrylate.



Repair of traumatic diaphragmatic injuries

5878 Int J Clin Exp Med 2015;8(4):5876-5882

and cleaned with by povidone-iodide. A midline 
3 cm long laparotomy incision was performed. 
At laparotomy, left diaphragm was identified 
and a 1 cm incision at the center was done with 
a No. 11 scalpel (Figure 1). In Group I, the 
defect was immediately repaired with running 
4/0 polypropylene sutures (2a). In Group II, the 
diaphragmatic defect was repaired with poly-
propylene mesh (Ethicon Inc, USA) fixed with 
polypropilene sutures (2b). The repair was car-
ried out with polypropylene mesh fixed to dia-
phragm with n-butyl-2-cyanoacrilate (Liqui 
BandTM, Medlogic Global LDT, Polymout, 
England) in Group III (2c). The developed pneu-
mothorax was treated with an angiocath No. 22 
inserted into the thoracic cavity of the rats. 
Peritoneum and the abdominal fascia were 
closed with 4/0 silk with continuous sutures. 

Thirty days later, relaparotomy was carried out 
under the same conditions above discussed. 
The extent of adhesions developed during heal-
ing was classified and scored as 0 with no 
adhesion, 1 corresponds to adhesion which 
can be separated with mild dissection, 2 to 
adhesion separated by blunt dissection, 3 to 
adhesion separated with sharp dissection. The 
diaphragm was completely excised and fixed in 
10% formaline solution to evaluate the healing 
process and inflammation histologically. The 
tissue was stained with haematoxylin eosin. A 
microscopic score was obtained for each rat. 
Microscopic analysis was performed by an 
investigator who was not involved in the experi-
mental procedures. The presence and extent of 
fibroblastic activity; the amount of giant cells, 
plasma cells, and lymphocytes and the micro-

abscess formation were assessed using a 
semi-quantitative method (1; less, 2; moder-
ate, 3; many). Statistical analysis: Data were 
analyzed by a statistical software (SPSS for 
windows 11.5, SPSS Inc. Chicago, IL, USA). 
Statistical study was done with student t test 
and the Kruskal-Wallis test. The Kruskal-Wallis 
test was performed for the histopathological 
analysis. P value less than 0.05 was accepted 
as significant. 

Results

After completion of surgical procedure, none of 
the rats were died during follow-up. At laparoto-
my, the healing process was completed macro-
scopically in all rats. None of the rats had dia-
phragmatic hernia due to the healing defect. 
The attachment of polypropylene mesh and the 
diaphragm was firm in all rats of both Group II 
and III. No detachment or slipping of the mesh 
was noticed. 

The adhesions to the diaphragm was noticed in 
all subjects. Omentum and liver was the the 
most frequently attached organs. There was no 
difference between adhesion scoring between 
Groups III and II (P: 0.33). However, the adhe-
sion scores in Group III was higher than Group I 
(P: 0.031). Although the adhesion scores of 
Group II were higher than Group I, the differ-
ence didn’t reach statistical significance (P: 
0.08) (Table 1). 

The average scores of inflammation and heal-
ing was higher in Group III than both Groups I 
and II (P < 0.001). They were also significantly 
higher in Group II compared to Group I (P < 
0.05) (Figure 2A-C). There was no difference 
between groups with respect to microabcess 
formation, which is indicator of faulty healing (P 
< 0.05). 

Discussion 

The diaphragmatic injuries could be due to pen-
etrating or severe blunt traumas. They are usu-
ally associated with additional organ injuries. 
Although the actual incidence of traumatic dia-
phragm rupture is difficult to extract from litera-
ture, it varies between 0.8% [12] to 5.2% in 
patients with multiple trauma [13]. Approxi- 
mately one forth of the diaphragmatic ruptures 
are due to penetrating trauma, while the rest 
was seen in blunt trauma [1, 14-17]. The inju-

Table 1. Repairing region adhesion scores
Subject Group I Group II Group III
1 3 3 3
2 3 2 3
3 3 3 3
4 3 3 3
5 2 3 3
6 1 3 3
7 1 3 3
8 2 3 3
There was no difference between adhesion scoring be-
tween Groups III and II (P: 0.33). However, the adhesion 
scores of Group III was higher than Group I (P: 0.031). 
Statistical study was done with student t test and the 
Kruskal-Wallis test.
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Figure 2. A: At the middle, striated muscles of diaphragm, fat tissue, few lymphocyte and fibrocyte groups. Minor 
inflammatory response in group I demonstrated with arrow (Hematoxylene-Eosine-H.E-x 125); B: At the middle in 
the large area striated muscle of the diaphragm, here widespread lymphocyte, plasmocyte, giant cells in the middle 
wide foreign substance (cyanoacrilate appearance). Severe inflammatory reaction around the polypropylene mesh 
fixed with n-butyl-2-CA in Group III (H.E × 125); C: At the middle, striated muscles of diaphragm, intermediate, mod-
erate lymphocyte, plasmocyte, giant cells and at the middle foreign substances. Moderate inflammatory reaction 
around the polypropylene mesh in group II (Arrow: Mesh-structured appearance) (H.E × 125).
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ries are usually located in the tendinous por-
tion of the diaphragm. The right diaphragm is 
protected by the bulk of liver especially in blunt 
traumas. The basic mechanism of the blunt dia-
phragmatic rupture is due to the kinetic force 
implemented by a sudden increase in intra-
abdominal pressure. During serious traumas, 
intra-abdominal pressure increases 10 times 
which is transmitted rapidly to diaphragmatic 
dome. The injuries due to the stabbing wounds 
could be in various size and depth. However, 
the injuries of gun-shot wounds are more seri-
ous and usually are together with tissue loss. 
Since the defect in diaphragm cannot heal 
spontaneously due to the pressure differences 
between two cavities, abdominal organs could 
herniate to the pleural-cavity [1, 18]. The her-
niation could take place immediately after trau-
ma or it takes months even years. Therefore 
the diagnosis of diaphragmatic injury could be 
difficult, moreover, it could be overlooked in 
explorative laparotomy. Indeed, the diaphrag-
matic injury in 7% to 61% of polytrauma patients 
could go unnoticed and diagnosis was estab-
lished preoperatively only in 43% of the patients 
[19, 20]. In a significant portion of patients the 
injury was recognized during exploration of 
abdominal or thoracic cavity due to the other 
pathologies [21, 22]. To keep in mind the pos-
sibility of diaphragmatic rupture after trauma is 
the most important parameter to help estab-
lishing the diagnosis [23]. 

Cyanoacrylates are formed as the end product 
of the reaction between alkyl cyanoacetate and 
formaldehyde. The reactive reagents are fluid 
monomers and water-consistent. They gained 
increased popularity in various branches of sur-
gery as a tissue adhesive. The successful utili-
zation of cyanoacrylates have been reported in 
biliary fistules [24], esophageal and gastric 
varicose bleedings [25, 26], peptic ulcer bleed-
ings [26], intestinal anastomoses [27], treat-
ments of enterocutaneous fistulas [28], and 
skin closures [29]. Cyanoacrylate recently has 
been reported to be used successfully to 
secure the greft in inguinal hernia repair instead 
of using suture materials. No harmful side 
effect or toxicity has been reported. Bac- 
teriocidal or bacteriostatic effect have also 
been shown [30]. 

The treatment of diaphragmatic injury is a sur-
gical repair commonly performed by abdominal 
approach but also to a lesser extent, by thorac-

ic or thoracoabdominal incision. Since the diag-
nostic laparoscopy increasingly used in trauma 
patients, laparoscopic repair became progres-
sively more popular [4, 5, 17]. Surgery could be 
done in the acute settings together with the 
management of concomitant organ injuries. 
The small diaphragmatic injuries can be 
repaired with running sutures of absorbable or 
non-absorbable material. The defects with tis-
sue lost especially after gun-shot wounds are 
best managed with implementation of pros-
thetic material. The late repairs usually require 
prosthetic material due to the long-standing 
changes, retraction of the edges and the weak-
ness in diaphragm [22, 31]. Instead of using 
prosthesis, autogenic materials such as fascia 
lata and dura have also been reported [32, 33]. 
Polypropylene mesh is the most frequently 
used material. Polytetrafluoroethylene, marlex, 
and dacrone have also been reported albeit to 
a lesser extent [23, 34]. Fixation of the graft to 
diaphragm is carried out by nonabsorbable 
sutures or staplers. The management of dia-
phragmatic hernia is still demanding for sur-
geons. The morbidity and mortality are affected 
by the presence of associated organ injuries [1, 
14, 15, 17]. However, the dehiscence of the 
suture and recurrence of hernia is an important 
cause for the late morbidity [6]. The repair of 
the defect is also technically difficult since the 
diaphragm is a mobile organ. Moreover, the 
sutures both in primary repair or in fixation of 
the mesh could cause phrenic nerve damages. 
Especially, fixation of the defects involving the 
posterolateral, pericardial, paraeosophageal 
region and the adhered points of the diaphragm 
is rather difficult [35]. 

Therefore, we aimed to investigate an easy, 
safe and effective way of repairing in traumatic 
diaphragm injuries. The use of cyanoacrylate 
for fixing the mesh into the diaphragm instead 
of sutures have been tested. It well known that 
using a prosthetic material causes adhesion 
formation. Intraabdominal adhesions were 
more pronounced in both prosthetic mesh 
repair group than primary suturing as expected. 
However, there were no difference between 
cyanoacrylate-fixing group and suture-fixing 
group with regard to intraabdominal adhesions. 
The inflammation and healing process were 
markedly augmented in cyanoacrylate-group. It 
has already been reported that tissue adhe-
sives induced a strong inflammatory reaction 
by acting as foreign substance [36]. There were 
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no microabscess formation which is an indica-
tive of greft rejection or failure. However, as the 
study was terminated after one month, it is 
inappropriate to draw conclusions about late 
recurrence. 

As a result, fixation of the graft to diaphragm 
with cyanoacrylate is a fast, easy, and conve-
nient way in traumatic diaphragm repair. Since 
application of adhesives takes less time it 
could save time in emergency operations. But, 
further studies are needed to get the late 
results of the cyanoacrylate-fixation of the 
prosthetic material in traumatic diaphragm 
injuries.  
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