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Reconstruction of Laryngotracheal War Injuries with the Median Layer of the 
Deep Cervical Fascia 
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SUMMARY: Surgical exploration and immediate reconstruction with the median layer of the deep ccnical fascia 
(MLDCF) was performed in 8 of 22 patients with exogenous war injuries of larynx and cervical trachea. A surgical 
technique of reconstruction with the median layer of the deep cervical fascia is described. The 7 surviving patients 
had good respiration without signs of stenosis of the larynx and/or the trnchea. Four had good and 3 satisfactory, 
phonation, and none had swaUowing difficulties. Owing to tbe simplicity of the surgical approach, its size and 
biological properties, the median layer of deep cervical fascia pro\'ed itself to be a suitable material in the 
immediate reconstruction of exogcnerous war injuries 01' the larynx and cef\'ical trachea. 

Introduction 
Despite the super fi c ia l posi tio n of the la rynx and 

trachea, the inc idence of injury by exogenous factors is 
very rare during both peace-time and war ( I). There were 
13 patients treated at our department ror exogenous injury 
of the larynx and the trachea during the period 1975 to 
1984, representi ng 0.94% of all hospitaliz.ed pmients wi th 
head and neck injuries during that period (2). 

Data on the incidence of combat re lated laryngotracheal 
injuries is rarely found in the litera ture. Zayton et ai, 
recorded 54 such patients among 1.02 1 wounded with 
head and neck injuries during the ten-year Lebanon war 
(3). The data on the incidence of such injuries could vary 
greally during the same war, for example in the n Mobile 
Surgical Hosp ita l in Soul.h Vietna m , am o ng 1,011 
wounded the re were only 6 tracheal and cricoid cartilage 
injuries in the year 1966 lO 1967 (4). However, from 1967 
lo 1968, 22 laryngotracheal i njurie~ wcre registered in the 
"241h e .... acuation hospital in Vietnam" (5). 

A number of authors have offered differing principles 
of treatment for peace-time injuries. These differing views 
and opinions are with regard to all stages of care; from 
indication s, t i me o f initial s urg ic al c are throug h to 
de finiti ve surgical management (6- 10). The absence of 
thyro id cartilage or e xposure of trach eal cartil age 
s ur faces, whi ch favours infec tion a nd dimini s hed 

functional resul ts of reconstructi .... e intervention, prompted 
many authors to use different covering materials. with 
vary in g success. Krajina has used fa sc ia of the 
sternohyoid muscle in the reconstruct ion of the larynx 
lume n in various types of partial la ryngectomy sincc 
1969, with excellent res ults ( 11). In the war situation we 
made use of this technique, improving it and widening its 
indications. A flap formed from the median layer of the 
deep ce r vica l fascin ( MLD C F) be in g used in th e 
i rnmediate reconstruction of 8 cases of laryngotracheal 
trauma. 

Patients and Methods 
During the 199111992 war in ereatia (12, 13),7.043 

wounded were treated at the Medical Center in Slavonski 
Bred (the reg ion of Brodska Posavina, East Croatia) from 
July I 1991 to December 3 1 1992. Our department ofthe 
Otorhi nolaryngology Hnd Cervicofacial Surgery treated 
728 hcad and neck injuries, of whom 22 (0.3 1%) had 
laryngea l and cervical trachea injuries. Sixteen of them 
had an injury or the larynx, 4 of the larynx and trachea, I 
of the trachea and I of the recurrent laryngeal ner .... e 
(Table I). 

Splin ters of shells, mines and hand grenades caused 
injuries in 18, rifl e bullet in 2 and plastic explosive in I. A 
contusion was responsib le for onc other (Table 2). 
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Laryngotracheal War Injuries 

All wounded were male, 20 were soldiers and 2 were 
civilians, their ages rangIng from 5 to 43 years. We 
hospitalised 21 patients, the patient with the laryngeal 
contusion being treated as an outpatient. Twenty wounded 
were hospitalised within the first three hours of injury. 
The patient with laryngeal contusion was treated on the 
second day after being wounded. The patient with the 
explosive laryngeal injury was transferred from another 
medical institution on the fifth day of the injury. 

Only 2 of the wounded had isolated injuries of the 
larynx or trachea while the others had associated injuries 
of the neck and head or the neck and/or other parts of the 
body. 

Endoscopic techniques, classical X-ray and eT-scan 
were used for pre-operative diagnosis. 

The largest number of wounds were transglottic (nine), 
supraglottic (eight), glottic (three) and cricoid (six). 
Tracheal lesions were located in the cartilaginous skeleton 
up to the fourth tracheal ring and one of the wounded had 
a posterior membranous wall injury. 

Twenty-one wounded were surgically treated, the one 
with the larynx contusion being treated conservatively. 
Eight of the 21 surgical patients were managed with 
median layer of the deep cervical fascia. 

Surgically treated patients were divided into four 
groups (Table 3): 

Table 1 
War wounds of the head and neck treated in the General 
Hospital ''Or Josip Bencevic" Slavonski Brod from July 1 

1991 to December 311992. 

No. (%) of patients/treatment 
Outpatient Hospitalized Total 

Head 

Neck 

Head and neck 

Total 

187 (67) 

60 (21) 

32 (2) 

279 (38) 

354 (78) 

57 (14) 

38 (8) 

449 (62) 

Table 2 

541 (74) 

117 (6) 

70 (0) 

728 (lOO) 

The localization and etiology of war wounds of the larynx and 
trachea in 22 patients in General Hospital "Dr Josip 

Bentevfc" Slavonski Brod from July 11991 to December 31 
1992. 

Localization 

Larynx 

Trachea 

Larynx and trachea 

Recurrent nerve 

(No.) 

16 

1 
4 

Etiology 

Shells 

Bullets 

Plastic explosive 

Contusion 

(No.) 

18 

2 

17 

Table 3 
Surgical treatment of 21 patients with laryngotracheal war 

wounds. 

Group 1 
Hematomas, small 
lesions of laryngeal 
mucosa or cartilage 

Group 2 
Large lesions of mucosa 
especially at frontal 
junction, small fractures 
of the cartilage 

Group 3 
Large mucosal lesions, 
multiple fractures with 
defects of cartilage, 
preserved stability of 
cartilaginous skeleton 

Group 4 
Instability of the 
cartilaginous skeleton 

No. Treatment 
4 Surgical treatment of the 

wound without the exploration 
of the larynx 

4 

10 

Exploration of the larynx, 
conservative debridement, 
primary suture of mucosa 

Exploration of the larynx, 
MLDCF* reconstruction in 
7 patients 

3 Exploration of the larynx, 
MLDCF reconstruction in 
one patient, stent 

* MLDCF - median layer of deep cervical fascia used for 
reconstruction of laryngotracheal war injuries. 

1. Four patients had hematomas, or small lesions of 
endolaryngeal mucosa, and injury to the perichondrium 
but without fracture of the larynx or tracheal cartilage. 
These were treated surgically without exploration of 
the larynx or the trachea. 

2. Four patients had minor lesions of the endolaryngeal 
mucosa, especially in the area of the anterior 
commisure and smaller linear fractures of thyroid or 
tracheal cartilage but without any large dislocation or a 
defect. The lesions of perichondrium were not 
significant. These were treated by exploration, and 
conservative debridement. The continuity of the 
mucosa was secured primarily by absorbable stitches 
4-0 or 5-0. 

3. Ten patients had large lesions of endolaryngeal mucosa 
with damage to vocal cords and/or ventricular folds, 
multiple fractures of thyroid and cricoid cartilages, 
with defects in perichondrium and cartilage but with a 
preserved stability of cricothyroid ring. 
Seven patients were managed with use of the median 
layer of the deep cervical fascia. In 5 a reconstruction 
of the laryngeal lumen was performed by use of this 
tissue. The sixth patient also had a partial defect of the 
first two tracheal rings so that the median layer of the 
deep cervical fascia was used for the reconstruction of 
the lumen of both the larynx and the trachea. The 
seventh patient, in addition to damage to the cricoid 
and first tracheal ring, also had a penetrating wound of 
the' oesophagus and seventh cervical vertebra. In the 
reconstruction of the cricoid and trachea a strap muscle 
flap, according to Miller-Duplechain (7), was used 
beside the median layer of the deep cervical fascia for 
the prevention of tracheoesophageal fistula. 

4. Three patients had massive lesions of the endolaryngeal 
structures, comminuted fractures and large defects of 
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thyroid and cricoid cartilage causing instability of the 
cricothyroid ring. The median layer of the deep 
cervical fascia was used for reconstruction in one 
patient. 

Surgical Technique 
The median layer of the deep cervical fascia consists of 

strong fibrous tissue encompassing only the anterior plane 
of the neck. It stretches between the omohyoid muscles 
and enclose the sternohyoid and sternothyroid muscles. 
Cranially it is tied to the hyoid bone and caudally to the 
posterior border of the sternum and clavicular incisure. 
Superficial and median fascia nearly merge in the medial 
line of the neck, but a thin layer of fat is preserved in the 
place where they are the closest (Fig. 1). 

The median layer of the deep cervical fascia receives its 
vascular supply from branches of the superior and inferior 
thyroid arteries. 

After tracheotomy and the formation of a tracheostomy, 
which should be placed as low as possible, a tracheal tube 
with cuff is inserted. The V-shaped incision of the skin of 
the neck is made according to Gluck-Soerensen, placing 
its base below mandible. In this way the flap, which 
includes skin, subcutaneous fat, superficial fascia, 
platisma and superficial layer of deep cervical fascia, is 
raised. This approach opens a wide view of the larynx and 
trachea and allows the exploration of the vital structures 
on the both sides of the neck. The median layer of the 
deep cervical fascia is incised immediately above the 
tracheostomy along the medial border of omohyoid 
muscle and carefully elevated up to the hyoid bone. 
Depending on the place and size of the laryngeal and/or 
the tracheal injury, the base of the flap is left cranially, on 
the hyoid bone, or laterally, on the omohyoid muscle. 
Sternohyoid muscles are resected at the insertion on the 
hyoid bone and the larynx is then skeletized. The 
endolaryngeal space is reached by midline thyrotomy or 
through an existing vertical fracture. After a "conservative 
debridement", i.e. a tissue sparing removal of damaged 
mucosa and cartilage, the continuity of the lacerated, but 
vital mucosa is provided with 4-0 or 5-0 resorptive sutures 
which are not under tension. Fractured parts of the 
cartilage which are connected to the perichondrium are 
returned to the anatomical position by 24 or 26 Gauge 
wires or by monofilament sutures. Only the parts of the 
cartilage completely separated from the perichondrium 
are removed. Major defects of the cartilage skeleton are 
covered with the median layer of the deep cervical fascia 
and connected by resorptive sutures 4-0 to the healthy 
perichondrium from inside. If necessary, the median layer 
of the deep cervical fascia can be reinforced from outside 
by the undamaged sternohyoid muscle. In case of 
instability of laryngeal and/or tracheal ring a stent is 
placed endolaryngeally or endotracheally and kept there 
for four weeks. 

Injury to the skin, subcutaneous tissue and muscles is 
further treated according to the principles of war wound 
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treatment. In all cases of war injuries to the larynx and/or 
trachea, the wound is drained after treatment and the skin 
primarily closed. Postoperatively, antibiotic prophylaxis 
(Penicillin G 4 x 2000000 i.u. i.v. a day + Gentamicin 5 
mg/kg body weight i.v. a day in three doses + 
Metronidasol 3 x 500 mg i. v. a day) is given to all 
patients, after the recommendation of the Croatian -
Ministry of Health Care (14). 
Results 

In the postoperative course, 7 out of 8 patients with 
median layer of the deep cervical fascia reconstruction 
had no complications but the eighth died on the sixth 
postoperative day as a result of associated lesions of the 
cervical spine. During the follow-up which lasted from 6 -
to 18 months, no fascial necrosis was recorded. Two 
patients had en do laryngeal granulations which resolved 
spontaneously. Following tracheostomal closure, 7 
patients had regular respiration without signs of laryngeal 
or tracheal stenosis. Four had good and three satisfactory 
phonation. None had difficulty in swallowing. 

Fig 1 Median layer of deep cervical fascia; darker shaded 
area: the fascia between sternocleidomastoid muscles and the 
hyoid bone, lighter shaded area: the part of fascia under the 
sternocleidomastoid muscles. 

Discussion 
Bennett's statement in 1960 is the most pertinent to the 

treatment of the laryngeal trauma: "Each case presents a 
different problem, and it is difficult to follow a set routine 
on each one. There are many other methods in which the 
surgeon should be versed in order to cope with any 
situation, and some degree of ad-libbing is required in -
each case" (15). We strictly stood by the two basic -
principles: surgical treatment of the lesions had to be done 
as soon as possible within the first 24 hours after the 
injury and the primary procedure had to be definitive. 

The type of surgical treatment will depend on the type 
of the weapon used, localisation and the size of the 
wound. Our notion that the thyroid cartilage is not solely -
responsible for the preservation of the laryngeal lumen 
after partial laryngeal resection proved itself in our 
experience with war injury reconstruction. 
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Laryngotracheal War Injuries 

The shape and base of the flap, and whether it could or 
could not be used, was determined by the location, size, 
and shape of the laryngeal and tracheal wounds as well as 
the status of median layer of the deep cervical fascia 
vascularity. The flap was always approached from the 
sternohyoid muscle on the unharmed side of the neck with 
particular care to preserve its vascularization. Regardless 
of whether the base of the flap was cranial or lateral, it 
was always possible to explore the vital structures on both 
sides of the neck without damaging the vascularization of 

- the flap. Due to its biological characteristics and length, 
the fascia also proved to be suitable for reconstruction of 
the first four tracheal rings, i.e. to the upper border of the 
formed tracheostomy. 

The median layer of the deep cervical fascia proved to 
be useful for covering the denuded cartilaginous surfaces 
of the larynx and the trachea, for the formation of the 
lumen of the larynx and the trachea in immediate 
reconstruction when larger parts of cartilage skeleton 
were absent, and for the fixation of thyroid, cricoid or 
tracheal cartilage in the lesion which caused instability of 
laryngotracheal framework. In the latter case, a stent was 
placed endolaryngeally or endotracheally and the cartilage 
framework was fixed endo- and exolaryngeally. 

The outcome of the treatment of laryngo-tracheal 
injuries, particularly with respect to the restoration of 
respiratory and phonatory functions, depended upon the 
following factors: 
a) Early surgical exploration and immediate 

reconstruction. 
In cases where the material for the reconstructive 
procedures on the larynx and the trachea is insufficient, 
we think the median layer of the deep cervical fascia 
should be used. 

b) The age of the wounded. 
In younger age groups cartilage framework is more 
elastic and less vulnerable and the wounds heal more 
easily. 

c) The nature of the wound. 
The majority of splinters from explosive devices are 
blunt or asymmetrically shaped and are made of steel 
or of a low-density material. Because of this, they 
quickly lose their speed in the air, do not penetrate 
tissues very deeply and their trace conforms to their 
size, remaining unchanged along the path. 

Conclusion 
In the treatment of exogenous laryngotracheal war 

injuries there is no standard surgical technique. Surgeons 
must be. familiar with different techniques as every 
reconstruction of injured larynx must be approached 
individually. Surgical treatment of these injuries must be 
done during first 24 hours after the injury and the first 
treatment must be the definitive one. In cases in which 
there is not enough material for immediate reconstruction 
we recommend the use of median layer of the deep 
cervical fascia. 
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