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Background: Diaphragmatic injuries are rare in trauma victims, and mostly located on the left side. The standard 
approach is primary closure, using non-absorbable heavy interrupted sutures. Right-sided injuries are protected by 
the liver and such repair is not mandatory. However, closure of large defects, not suitable for primary suture, remains 
a challenging problem, especially in a military setting or in severely multiple-organ injured patients. Up until now, 
the single surgical solution in such situations is usage of absorbable mesh.
Methods: The feasibility of a damage control closure technique for huge traumatic diaphragmatic injury was 
evaluated.
Results: After creation of large diaphragmatic defects in an animal model, the defects were closed with an appropri-
ately sized plastic (Bogota) bag and using a large abdominal pad, accordingly. The total procedure time was about 
3 min and no chest re-protrusion was observed until completion of the experiment.
Conclusions: This novel method is likely to be safe and simple to use as a damage control method and should be 
further investigated in proper models and clinically.
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surgical solution in such cases lies in the use of absorb-
able mesh [3]. However, the insertion of mesh often 
requires complex anatomical dissections, including mobi-
lization of the entire diaphragm, and identification of 
esophageal and aortic pleura. It is time consuming and 
demands the presence of a high level of expertise. In the 
context of damage-control surgery, the prevention of 
abdominal-organ re-protrusion to the chest should be 
achieved as quickly as possible. 

The aim of this report is to explore the utility of 
Bogota bags or, alternatively, abdominal pads, for tem-
porary diaphragmatic closure in an animal model as 
part of the damage-control concept.

METHODS 

Two anesthetized, ventilated, instrumented, and nor-
movolemic pigs were used to evaluate the feasibility of 
the technique. After creation of large diaphragmatic 
defects, using a scalpel and scissors in an identical fash-
ion, a same-sized left diaphragmatic defect was created 
in both pigs (Figure 1). In the first pig, the defect was 

INTRODUCTION 

Traumatic diaphragmatic injuries occur in 0.5% of 
trauma patients. They mostly result from penetrating 
injuries and are predominantly located on the left side [1]. 
The standard approach to diaphragmatic injuries in a 
damage-control setting is primary closure, using non- 
absorbable heavily interrupted absorbable sutures. 
Right-sided injuries are protected by the liver, and such 
repair is not mandatory [2]. Closure of large defects not 
suitable for primary suturing remains a challenge, espe-
cially in military settings or for critically ill or hemody-
namically unstable trauma patients. Currently, the sole 
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closed with an appropriately sized plastic (Bogota) bag, 
fixed to the diaphragm with skin staples (Figure 2). The 
total time for the procedure was set at about 3 min. In 
the second pig, the diaphragm edges were clamped with 
long Allis forceps, and the defect was covered using a 
large abdominal pad and sewn in with a few interrupted 
nylon zero sutures (Figure 3).

Ethical Approval

The study was conducted in the frame of DSTC exer-
cises, as approved by the regional ethical committee; the 
animals were euthanized immediately after completion 
of the experiment. The use of animals was according to 
the ethical rules and regulations of the Swedish govern-
ment and to EU animal laws.

RESULTS

The total procedure time turned out to be about 3 min. 
In both cases, the closure was not hermetic, but no chest 
re-protrusion was observed for a period of 2 h after 
completion of the experiment.

DISCUSSION

Diaphragmatic injuries are rare, and compounded only 
in about 0.5% of all abdominal injuries [4]. The most 
common mechanism involved in diaphragmatic tear is 
thoraco-abdominal penetrating injury [5]. The conven-
tionally accepted surgical solution for such perforation 
is simple closure using heavily interrupted sutures. This 
technique is very simple and fast, and does not require 
special surgical skills. Moreover, right-sided diaphrag-
matic injuries do not entail mandatory closure since the 
liver usually safely prevents the protrusion of abdomi-
nal organs into the chest cavity. In rare cases, the defect 
in a diaphragm is very large, usually due to high-velocity 
missile injuries in war or significant blunt-trauma mech-
anisms, such as a fall from height or a road-traffic acci-
dent [6]. During a high-impact event, the tear usually 
occurs in the embryologically weakest posterior-lateral 
part of the diaphragm [7]. In the case of a large dia-
phragmatic defect that is not suitable for primary sutur-
ing, the only acceptable surgical repair consists of the 
use of prosthetic mesh [8]. In some cases of delayed 
diagnosis, repair may be achieved laparoscopically or 
thoracoscopically [9,10]. In most patients, the open 

Figure 1 Creation of the diaphragmatic defect. Figure 3 Closure of the defect using an abdominal pad. 

Figure 2 Closure of the defect using a Bogota bag. 
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abdominal approach is mandatory due to the high inci-
dence of associated intra-abdominal injuries. However, 
such repairs are time consuming and require a high level 
of expertise [9]. Moreover, all the techniques described 
previously are inappropriate in the setup of damage- 
control laparotomy, especially taking into account that 
a significant portion of diaphragmatic injuries are asso-
ciated with multiple concomitant injuries [11]. 

The main purpose of the method is to show the feasi-
bility of prevention of the re-protrusion of abdominal 
organs after the completion of a damage-control lapa-
rotomy, which includes achieving adequate hemostasis, 
reducing herniated content to the abdominal cavity, and 
preventing contamination. Rapid evaluation of the dia-
phragmatic injury and inspection of the surrounding 
area permit selection of the best way of achieving tem-
porary diaphragm closure. If there is no significant hema-
toma or persistent oozing in the left sub-diaphragmatic 
space, the edges of the diaphragm are clamped with long 
Allis or Babcock forceps, and an appropriate piece of 
plastic Bogota bag is secured to the diaphragm using skin 
staples or a few interrupted sutures. 

The advantages of this approach are that it enables 
observation of the presence of accumulated blood in the 
chest, and the option of leaving the Bogota bag in place 
for 2–3 days if the re-laparotomy is delayed for other 
reasons. Another possibility for temporary closure lies in 
the use of a large abdominal pad, fixed to the diaphragm 
in the same fashion. The technique also allows proper 
counter compression in case the left sub-diaphragmatic 
space needs to be packed. Moreover, although this 
option was not evaluated in the experiment, the sutured 
diaphragm abdominal pads may be covered by an “inter-
nal” Bogota bag in order to prevent potential adherence 
of the small bowel loops to the pads. 

CONCLUSIONS

This is a novel technique for temporary diaphragmatic 
closure. The method is likely to be safe and simple to 
use. Further investigation may enable it to be included 
in the routine surgical damage-control arsenal.
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