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Abstract

The use of PRP involves a complex network of molecular events which accelerate tissue regenera-
tion due to its richness in growth factors plus a variety of biologic mediators. Several communica-
tions tell us about its usefulness on the dental implantology field, plastic surgery, orthopedics and
peripheral nerve regeneration after trauma. We have presented our successful experience of its
use in pneumology when treating severe hemoptysis, respiratory fistulae, spontaneous pneumo-
thorax and one tracheal rupture. In this article we present two cases of post intubation tracheal
rupture successfully treated with the local instillation of PRP on one of them and with the injection
of PRP along the lips of the tracheal wound on the other. Tracheal rupture is a rare but life threat-
ening complication of emergency intubation requiring an effective response in order to avoid the
risk of patient death due to secondary mediastinitis and sepsis. Up to now there is no general con-
sensus in the treatment of this condition and alternatives in use are not universally accepted. The
use of local autologous PRP in our experience has demonstrated a favorable performance in such
cases, turning it in a highly promising tool for the treatment of conditions such as this, in which a
rapidly effective and minimally invasive handling is required.
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1. Introduction

Platelets are anucleated blood elements whose cytoplasm is rich in granules containing a variety of biologically
active substances. The Alpha granules are the most numerous and contain fibrinogen, immunoglobulins and
growth factors [1]. Delta granules contain adenosine diphosphate, tissue plasminogen activator and serotonin [2]
and less numerous Lambda granules contain lysosomal enzymes [3].

Growth factors are proteins that influence the repair and neoformation of soft and bone tissue. The release of
these factors in the site of injury by activated platelets acts on the cells that are part of the tissues adjacent to the
lesion inducing changes in proliferation, differentiation, protein synthesis and chemotaxis. The damaged area
begins to be repaired within three minutes; degranulation of platelets has occurred lasting action of growth fac-
tors for approximately eight days.

The alpha granules of platelets contain PDGF (platelet-derived growth factor) involved in pre-osteoblast and
fibroblast proliferation, chemotaxis and extracellular matrix formation, TGF (transforming growth factor), use-
ful in chemotaxis and extracellular matrix formation, EGF (epidermal growth factor) that affects fibroblast pro-
liferation and chemotaxis, IGF (insulin growth factor) that influences the proliferation of pre-osteoblasts, che-
motaxis and extracellular matrix and VEGF (vascular endothelial growth factor) useful in angiogenesis [1].

It is considered that PRPa volume of autologous plasma contains 4 to 8 times platelets more than normal
plasma, that is, about 300,000 to 1,000,000 platelets per deciliter; the method for its obtaining is quite simple
with minimum equipment required.

2. Obtaining of PRP

A sample of 20 to 40 cc of venous blood of the patient, with sodium citrate is centrifuged to 280 G for 8 minutes
thus separating blood elements into 4 layers; a superficial one rich in plasmatic proteins, an intermediate layer
with 2 components, the superior one with a poor amount of platelets and a profound one rich in platelets which
is the true PRP, a layer of white elements and finally a 4™ layer where red blood cells are deposited.

By means of selective pippeting the platelets rich layer is retired and platelets are activated by the introduction
of calcium chloride 10% in a dose of 50 micro liters per ml of PRP. Activation of platelets occurs and they start
to degranulate.

It has been shown that concentration of PDGFAB is 8.28 times greater in PRP than in normal blood and that
of PDGFBB is 9.12 times greater in PR than in whole blood, at the mean time concentration of TGF beta in PRP
is 2.55 times more than in whole blood [4] so we can state that increasing the concentration of platelets in the
plasma, also increases the concentration of growth factors useful in the control of migration and cell growth,
stimulation of the formation of extracellular matrix and consequently useful in the formation of a stable scar.

Tracheal rupture is one of the most serious complication of airway intubation as it is associated with severe
complications ranging from disabling functional alterations due to the anatomical damage to mediastinitis and
death secondary to sepsis. On one side, occurrence of tracheal tears during intubation is related to different facts
namely urgent endotracheal intubation which is the most common situation in Intensive Care, unknown devia-
tions of tracheobronchial tree, repeated intents of intubation, procedural errors like using stylets as guide espe-
cially when the operator is unskilled, displacement or removal of the tracheal tube without deflating the cuff or
overinflating the cuff as an intention to avoid leaks. Is important to know that the female trachea is shorter and
thinner than the male’s so the choosing of a proper diameter of the endotracheal tube avoids this complication.
On the other side, tracheal laceration may go undiagnosed or be mistaken in the context of a very sick patient
and the consequences of a late diagnosis, without an adequate treatment would be devastating. Therefore, a high
index of suspicion must be held when facing a recently intubated or extubated patient presenting subcutaneous
emphysema or unexpected respiratory or hemodynamic instability which are the most frequent signs of tracheal
rupture. For this reason it is important to have an early and effective treatment for this condition. So far, surgical
treatment has been the traditional therapeutic approach. In recent years there have been communications of good
results with different types of conservative measures [5] nevertheless there is no consensus in stating which pa-
tients must be managed with surgical treatment and which can be treated conservatively.

To date we have not found in the review of the available literature communications on the use of PRP for the
treatment of acute injuries of the trachea in humans therefore we considered it useful to show the results
achieved by our working group in the management of the two patients presented below.
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2.1.Case 1

A 52 years old morbid obese lady consults at the Emergency Department of our Hospital with severe Commu-
nity Acquired Pneumonia in respiratory failure with a Pa02/Fi02 ratio of 120 and obtunded, requiring immediate
orotracheal intubation and connection to invasive ventilation. Tracheal intubation was difficult because of ex-
treme obesity, shortness of neck and psychomotor agitation. Immediately after connection to a ventilator pro-
grammed with protector ventilation parameters progressive subcutaneous emphysema at the cervical region ap-
peared. The patient evolved initially with arterial hypotension needing vasoactive drugs. The X-ray of thorax
aroused the suspicion of overinflation of cuff (Figure 1) and the Computed Tomography of thorax (CT) of tho-
rax depicted lost of continuity of the distal membranous wall of the trachea with air leak into the mediastinum
(Figure 2). Bronchoscopy showed a large 4 cm rupture of the posterior wall of the trachea with protrusion of
anterior wall of the esophagus into the tracheal lumen (Figure 3(a)). Broad spectrum antibiotic regime was
started (ertapenem).

Due to its immediate supracarinal location, which made impossible to pass the endotracheal tube over the de-
fect to isolate it without causing monobronchial intubation we decided to treat it locally by injecting 30 cm3 of
PRP on each lip of the lesion with a double lumen catheter. Through one of the lumens we injected PRP and
through the other we injected Calcium Chloride 10% in order to obtain in situ activation of platelets and there-
fore a faster action (Figure 3(b)). In a new CT on the next day there was no evidence of passage of air into the
mediastinum. At seven days after the procedure bronchoscopy visualized a fibrin layer at the original place of
wound with a scar in formation underneath (Figure 3(c)). The patient was successfully extubated; one week lat-
er CT showed a well defined scar at the intervention place and the patient was discharged (Figure 3(d)). One
month away she is seen as an outpatient, doing well, with non functional or anatomic sequelae.

2.2. Case 2

A 77 years old diabetic hypertensive woman with an ancient cerebrovascular occlusive stroke secondary to
chronic atrial fibrillation was brought to the Emergency Department with a four day episode of purulent produc-
tive cough, fever and dyspnea. Chest X-ray showed consolidation of right lower lobe for which she was started
on antibiotics (claritromicine plus ceftriaxone). Two days after, she is on overt respiratory failure (Pa02/Fi0 103)
is transferred to the ICU where she needs emergency tracheal intubation guided with stylet and is started on

Figure 1. X-ray showing multifocal pneumonia and overinflated endotracheal
tube cuff (arrow).
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Figure 2. CT scan showing lost of continuity of posterior wall of trachea
(long arrow) and air leak into mediastinum (short arrow).

Figure 3. (a) Shows posterior wall of trachea tear; (b) Shows injection; (c) Shows scar after 7 days procedure (arrow); (d)
Shows definite scar after 14 days of procedure (arrow).
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protective mechanical ventilation. Two hours later she presents progressive anterior chest subcutaneous emphy-
sema which is clearly visible on chest X-ray (Figure 4(a)) and hemodynamic compromise. CT shows pneumo-
mediastinum severe subcutaneous emphysema without associated pneumothorax and an exophitic lesion in the
posterior aspect of the trachea, near the distal end of the endotracheal tube (Figure 4(b)). Bronchoscopy two
days after this finding depicted a 5 cm longitudinal rupture compromising the medium third of the posterior tra-
cheal wall. The endotracheal tube was repositioned with the cuff distal to the lesion and on the next day, we
added instillation of 30 cm?® of activated PRP into the wound through bronchoscope. Antibiotic therapy was
changed to imipenem plus vancomycin and the following 4 days the patient evolved favorably, a new CT
showed a significant reduction of pneumomediastinum and subcutaneous emphysema with indemnity of the
compromised tracheal wall (Figure 4(c)). She was extubated and at the 13" day after the procedure, bronchos-
copy showed a firm scar at the site of lesion (Figure 4(d)). One month later the patient is well, without respira-
tory symptoms and bronchoscopy shows indemnity of the posterior wall of trachea.

Tracheal rupture is a rare and serious complication of tracheal intubation, percutaneous dilatational tracheos-
tomy and thoracic surgery as well as blunt chest trauma.

There are a number of risk factors for post intubation tracheal laceration, some related to technical issues and
others related to the patient himself; among them is worth to mention: experience of operator, emergency tra-
cheal intubation, use of stylets as guidance, repeated attempts at intubation, use of improper diameter endotra-
cheal tubes, over inflation of cuff and type of endotracheal tube (single or double lumen). On the other side there
will be more chances of damage if there are unknown anatomical abnormalities of thachea, if there is psycho-
motor excitement during intubation or if the patient is an aged (over 50) woman malnourished, obese, short
necked, diabetic or under steroid treatment [6] [7]. Massard et al. in a series of 14 post intubation tracheal inju-
ries and Cordillo in 30 post intubation tracheal lacerations describe a 92% and 93% predominance in women

Figure 4. (a) Shows X-ray with extense subcutaneous emphysema; (b) Shows CT with exophitic lesion abouting from post-
erior wall of trachea (arrow); (c) CT scan showing indemnity of posterior wall of trachea at 4™ day after procedure; (d) En-
doscopy at 13" day after procedure showing scar (arrow).
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respectively [8] [9].

True incidence of tracheal rupture is unknown but according to reported series approximately 1 out of 575 di-
latational tracheostomy, 1 out of 20.000 to 1 out of 75.000 intubation attempts with a single lumen tube and 0.05%
to 0.19% with a double lumen tube will end up with damage to the tracheal structures [10] and even more, au-
topsy studies suggest that the actual occurrence may be as high as 15% of emergency intubations [11]. Many of
such complications are undiagnosed, misdiagnosed or not reported at all. Most patients suffering tracheal rup-
ture are women. This sex predominance is explained by differences on anatomical grounds.

The male trachea is longer and wider than the female’s. Trachea has an upper coronal and sagittal diameter of
21 and 27 mm respectively in men and 21 and 23 mm in women and a lower limit of 13 mm for males and 10
mm for females [12].

As in both of our cases location of laceration occurs in the majority of cases in the distal third at the right side
of the posterior wall which is the more elastic but least resistant part of the trachea. By contrast, the left side of
the posterior wall is protected by the esophagus and therefore is more resistant. Both patients presented in this
report had risk factors: female sex over 50 years of age, one was obese, intubation was difficult and the proce-
dure was performed in emergency conditions, the chest X-ray taken after intubation showed what looked like an
overinflated cuff and the second one was a diabetic woman submitted to emergency stylet guided intubation.

Sudden subcutaneous emphysema at the cervical or thoracic level shortly after intubation is seen as a first sign
in 64.8 to 80% of cases its amount depending on length and depth of the laceration [13]. Occasionally is ac-
companied by dyspnea thoracic pain and hemoptysis. Signs and symptoms may be delayed between 24 and 72
hours after the rupture and the only sign may be hemodynamic deterioration due to mediastinal shift facing
which a high level of suspicion must be held and is mandatory to order immediately X-ray images in order to
rule out a tracheal rupture. In ventilated patients is important not to confuse the hemodynamic compromise
caused by positive airway pressure or PEEP with the one caused by mediastinal deviation secondary to pneu-
momediastinum or pneumothorax. Subcutaneous emphysema and arterial hypotension appeared very early in
both cases presented, within minutes of connection to mechanical ventilation in the first and after two hours of
ventilation in the second patient. As in 92% to 100% of cases, the chest X-ray picture was useful in showing ex-
tra pulmonary air in both patients, finding that was confirmed on CT scan of thorax. Chen JD et al. has demon-
strated a sensibility of 85% for thoracic CT Scan in the diagnostic of tracheal rupture [14] and Faure A and col-
laborators give CT scan 100% of sensibility and 82% specificity with a positive and negative predictive values
of 87% and 100% respectively when using multiplanar reconstruction of images [15]. Most common findings
are: subcutaneous air in 76.6%, pneumomediastinum in 66.6% of cases, pneumopericardium, pneumothorax,
pneumoperitoneum [9] and lost of continuity of tracheal wall occasionally with cuff herniation through the lace-
ration backward from the posterior wall of the trachea or the protrusion of the anterior wall of the esophagus into
the tracheal lumen.

Definite diagnosis is made by tracheobronchoscopy which will enable to clarify location, length and depth of
the rupture and therefore to plan the most appropriated treatment. Final prognosis of tracheal rupture depends
both on the underlying disease and baseline state of the patient, seriousness of the injure and on the precocity of
diagnosis. According to Mifiambres et al., overall mortality of tracheal rupture reaches 22% being important in
this regard the absence of subcutaneous emphysema that may lead to delayed diagnosis [16].

Our diagnostic approach was in line with that described in the reviewed literature. Immediate diagnosis and
treatment was established in our first case with a suspicious X-ray, a diagnostic CT scan and confirmatory and
therapeutic bronchoscopy and discreetly delayed at the second day of evolution in the second patient.

There are no guidelines for treatment of this condition; although most authors recommend surgical treatment
there is no concensus on what approach is the most convenient one. The objectives of treatment must be to pre-
vent progressive air leak into mediastinum or pleural space and avoid mediastinitis by restoring as soon as poss-
ible the normal tracheal anatomy. Early repair and broad antibiotic coverture within 24 hours appears to be the
ideal scenario. In cases of upper third laceration the transcervical or tracheostomy suture approach is recom-
mended [17] [18].

In medium or distal third lesions a right posterolateralthoracotomy using intercostal muscle flap to buttress the
tracheal suture is the most performed technique. However, with surgical approach there is always the risk of
wound infection, leaking of sutures, post operative tracheal stenosis and fistulas [19]. Alternatives to this sur-
gery are the realization of a decompression tracheostomy in order to wait for the spontaneous healing of the de-
fect, the use of fixed or removable stents and lately the intraluminal suture using an optical needle holder with
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telescope which avoids surgical access but needs high frequency jet ventilation, not available everywhere, to
obtain good ventilation and less movement of the site of operation [19]-[22].

A more conservative method in small superficial lesions is to isolate such injury, through an endotracheal tube
with the cuff distal to the lesion which needs a very close and permanent monitoring of cuff pressure so to avoid
mucosal damage due to the presence of the tube itself [23]. However, the important point is which patients will
benefit with an aggressive treatment and which will do with more conservative measures

In the series of Cardillo et al. on 2010 a classification of tracheal ruptures according to depth into three levels
is described:

Level I—mucosal or submucosal tracheal involvement without mediastinal emphysema and without oeso-
phageal injury

Level Il—tracheal lesion up to the muscular wall with subcutaneous or mediastinal emphysema without oe-
sophageal injury or mediastinitis.

Level llIA—complete laceration of the tracheal wall with oesophageal or mediastinal soft-tissue hernia with-
out oesophageal injury or mediastinitis.

Level I11B—any laceration of the tracheal wall with oesophageal injury or mediastinitis.

According to the level of injury, he proposes a conservative or surgical approach. Level | and Il should be
treated non surgically; level I11A could be treated conservatively if clinical conditions permit it so that is, if pa-
tient is not being ventilated, is not in respiratory distress or if is not hemodinamically unstable and level 111B
should always treated as soon as possible by surgery [9].

Both cases 1 and 2 correspond to Cardillo’s Level 111 A. He proposes conservative treatment with local instil-
lation of a fibrin glue (Tissucol) if the patient has an adequate respiratory status otherwise he proceeds directly
to surgery [9]. Both of our patients were in overt respiratory distress but their general baseline condition antic-
ipated a very torpid post operatory evolution if submitted to surgery therefore we preferred to perform local
treatment with PRP instead of using a commercially available fibrin glue because being an autologous material
it doesn’t have neither bovine fibrin nor multiple donors fibrinogen obviating the risk of hypersensitivity reac-
tions and the transmission of infectious diseases such as AIDS, hepatitis or other viral infections [24]-[26].

To our knowledge there are no communications on the use of PRP to repair tracheal ruptures in humans. We
have found only two references of experimental work with PRP on airway lesions. Gomez-Caro et al. in an ex-
perimental pig model of tracheal resection and end to end anastomosis with local PRP application show that this
substance accelerates the onset of healing by promoting an earlier release of platelet derived growth factors that
stimulate transanastomotic angiogenesis thus reducing complications of surgery [27] and Spartalis et al. obtain
accelerated granulation of the bronchial stump after pneumonectomy in pigs by locally applying a clot of PRP
covering the bronchial suture line [28].

As we have previously shown, PRP is easily produced with minimal basic equipment and we can manage the
speed of platelet activation to obtain immediate or delayed liberation of growth factors from platelets in situ.
Platelets contained in the PRP fraction are activated by the addition of CaCl 10% which transforms the endo-
genous prothrombine into thrombine that in turn determines the transformation of fibrinogen to a fibrin net un-
der which platelets rich in growth factors aggregate and become activated. Once activated, platelets start to de-
granulate liberating the growth factors contained particularly on Alfa granules. This process lasts about 3 mi-
nutes and can be accelerated by increasing temperature or by activating platelets in situ by using a double lumen
catheter. Through one of the lumens passes PRP and through the other, the CaCl in order to produce activation
of platelets right on the site to be treated [29]. The secretory proteins contained in the alfa granules help healing
by attracting mesenquimal undifferentiated cells into the site of injury and at the mean time, triggering cell divi-
sion. In this way, regeneration and noeformation of matrix is obtained by proliferation of fibroblasts and new
capillary growth. The process continues by synthesizing additional growth factors locally up to 8 days after
which platelets lose their vitality. Therefore the process is an auto limited one causing immediate onset of re-
pairing inflammatory mechanisms but not persistent on time and thus, without the risk of promoting chronic
granulation and endoluminal fibrosis with secondary distortion or stenosis.

In our experience in these two cases we observed an almost immediate effect as demonstrated by tracheo-
bronchoscopic and CT early control with no complication thereafter as shown by long term endoscopic and im-
aging monitoring. Final result was the obtaining of prompt and complete recovery of tracheal anatomy without
having to refer patients to surgery in order to submit them to high risk aggressive therapies with an uncertain
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outcome.

3. Conclusions

1) Diagnosis of post intubation tracheal rupture requires a high degree of suspicion and must be based on ear-
ly images and endoscopic examination of the airway.

2) We can assert that PRP is not expensive and easy to obtain.

3) PRP was safely administered to our patients without adverse events.

4) It has a rapid onset of action being significantly effective.

5) Being a minimally invasive procedure, it can be applied to frail patients even in extensive lacerations
avoiding exposition to more risky therapies.
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