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Objectives: Percutaneous tracheotomy is a relatively
new technique which is considered as an alternative to
conventional tracheotomy. While both techniques have
their own advantages and disadvantages, the data relat-
ed to long-term follow-up after percutaneous dilational
tracheotomy (PDT) and its late complications are limited
in the literature. The aim of this study is to compare both
techniques according to the complications, patients’ epi-
demiological situations, intubation duration, coagulopa-
thy, mortality rates and cost-effectiveness.

Patients and Methods: We retrospectively evaluat-
ed 236 tracheotomy cases perfomed at our hospital
between 1995-2007.

Results: There was statistically significant difference
in complication rates between open and percutaneous
tracheotomy techniques (p=0.001). Major complica-
tions (TOF, tracheal stenosis, hemorrhage) were mostly
related to PDT. However, stomal infection, stomal granu-
lation tissue formation and cannula obstruction due to
mucoid debris was more frequent in the open technique
group. The mortality rate was found to be higher in the
PDT group. Positive bacterial cultures on deep tracheal
aspirations were significantly increasing the complication
rates. Open technique costs were nearly twice that of
percutaneous technique.

Conclusion: Major complications are more common
with percutaneous tracheotomy compared to open tech-
nique tracheotomy according to our study results. Since
in some cases PDT may necessarily be converted into
an open technique; a surgically talented and equipped
staff should perform this method.

Key words: Tracheotomy; percutaneous; dilational; complica-
tion.

Amac: Perkutan trakeotomi gérece olarak yeni bir teknik
olup, konvansiyonel trakeotomiye alternatif olarak orta-
ya cikmistir. Her iki teknigin avantaj ve dezavantajlari
olmakla beraber, literatlirde perkitan dilatasyonel trake-
otomi (PDT) ile ilgili uzun dénem takip sonuglari ve ge¢
komplikasyonlart ile ilgili bilgi sinirhdir. Bu ¢calisma ile her
iki teknigin komplikasyonlar, hastalarin epidemiyolojik
Ozellikleri, trakeotomi endikasyonlari, entlibasyon siresi,
koagulopatinin varligi, mortalite oranlari ve islemlerin
maliyeti agisindan karsilastirilmasi amaglandi.

Hastalar ve Yéntemler: 1995-2007 yillari arasinda has-
tanemizde gerceklestiriimis 236 trakeotomi olgusunun
kayitlari retrospektif olarak degerlendirildi.

Bulgular: Acik ve perkitan trakeotomi komplikasyon-
lar arasinda istatistiksel olarak anlaml fark saptandi
(p=0.001). Majér komplikasyonlar (TOF, trakeal stenoz,
hemoraji) siklikla PDT ile iligkili bulundu. Bununla bera-
ber stomal enfeksiyon, stomal granilasyon olusumu,
mukoid debris olusumuna sekonder kanul obstriiksiyonu
acik teknikte sik izlenmekte idi. Mortalite orani PDT gru-
bunda daha yuksek saptandi. Derin trakeal aspirasyon
Orneklerinde pozitif kultir varhgr komplikasyon hizlarini
belirgin olarak artirmakta idi. Maliyet agisindan degerlen-
dirildiginde agik teknigin perkitan teknige kiyasla iki kat
pahali oldugu saptandi.

Sonug¢: Calisma sonuglarimiza gbére majér kompli-
kasyonlar perkitan trakeotomi tekniginde acik teknige
kiyasla daha sik gérilmektedir. Bazi olgularda PDT son-
rasi acik teknige ddnmek gerekebilmektedir. Bu nedenle
PDT, cerrahi olarak donanimh ve ekipmani yeterli bir
ekip tarafindan uygulanmalidir.

Anahtar sézctkler: Trakeotomi; perkutan; dilatasyonel; komp-
likasyon.
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Tracheotomy has been performed for nearly 3000
years.l'” “Tracheo-tomy’ is a Greek compound name
which means ‘making an incision in the trachea’.” In
the year 100 B.C., the Greek physician Asclepiades per-
formed the first reported elective tracheotomy.” In those
years the technique was performed only in some infec-
tious diseases like diphtheria and polio. But in the 20th
century, Chevalier Jackson made the technique popular
and it began to be applied in the intensive care units.!”
The major indications for the procedure are upper air-
way obstruction, pulmonary aspiration and prolonged
intubation.®! The common consensus is that, if the dura-
tion of intubation is more than 10 days and expected to
be at least 21 days, tracheotomy should be performed.!!
There are two techniques commonly used. During the
open technique, a vertical or horizontal skin incision
is made below the cricoid cartilage and by dissection
tracheal cartilages are reached. In this method, the
strap muscles are dissected, thyroid gland is mobilized
to the superior or inferior region, the pretracheal fascia
is passed through and cannula is inserted into the tra-
chea from the second and third tracheal cartilage, after
resecting a small piece of tracheal cartilage. In pediatric
patients, the technique is different in which usually a
vertical incision is preferred. Then the tracheal cartilage
is elevated and fixed to the skin by traction sutures.!*”)
Open technique tracheotomy may be conducted both in
the operating room and on bedside.®!

Percutaneous tracheotomy was first defined in 1969
by Toye and Weinstein.® Then Ciaglia et al. modified
the procedure and defined it as ‘percutaneous dilational
tracheotomy (PDT).5”! This technique has been used
frequently for the last 25 years and has been considered
as an alternative to the conventional method. There are
five different methods defined for PDT, but basically an
angiocatheter is inserted below the cricoid cartilage per-
cutaneously into the space between 2nd and 3rd or 3rd
and 4th tracheal rings. A guide is sent inside the cath-
eter. Then a dilator is placed over the guide and enough
stoma is achieved. The tracheal cannula is then inserted
after replacing the dilator. Lately, this technique is being
performed under endoscopic view.['*]

In 5-40% cases, complications are seen in the postop-
erative follow-up.?'” In a study, the mortality rate due to
tracheotomy was determined as 2%.2 The complications
are classified into three groups as intraoperative, early
postoperative, and late postoperative.?? Intraoperative
complications are hemorrhage, air emboli, apnea and the
injury to the peripheric tissue and organs. The early post-
operative complications are hemorrhage, decannulation-
obstruction, subcutaneous amphysema, pneumothorax,
peumomediastinum and infection. Late complications
are hemorrhage, tracheal stenosis, tracheocutaneous fis-
tula, tracheosophagial fistula (TOF). The most frequent
complication is hemorrhage.> Cannula obstruction,
decannulation are the other frequently seen complica-
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tions. The incidences of pneumothorax, tracheal stenosis
and TOF are less than 1%.”' The most commonly seen
late complication is formation of grannulation tissue fol-
lowed by tracheal stenosis."! In emergency tracheotomy
the complication rates increase two- to five-fold.”

The aim of this study is to compare both techniques
according to the complications, patients’ epidemiologi-
cal situations, intubation duration, presence of coagu-
lopathy, mortality rates and cost-effectiveness.

PATIENTS AND METHODS

Two hundred thirty-six patients who underwent tra-
cheotomy between 1995 and 2007 were evaluated. Each
patient's clinical data were retrospectively analyzed and
their age, sex, body mass index (BMI), co-morbid diseas-
es, tracheotomy indication, the duration of intubation,
absence of coagulopathy, the place in which the proce-
dure was performed (operating room versus bedside),
deep tracheal infections, immunosuppression, use of
antibiotherapy, complications of the technique, mortality
rates and costs of the procedures were noted. Data from
19 patients were insufficient and a total of 217 patients
were included in the study. Open technique tracheotomy
was performed in 113 patients (group A), and PDT was
performed in 104 patients (group B). In all but the first
10 PDT patients, endoscopy was used. Each group was
compared according to age, sex, comorbid diseases
intubation time, indication of the procedure, coagula-
tion, coagulopathy, complications, mortality rates and
cost. Also the relation between immunosuppression,
deep tracheal infection, antibiotherapy, BMI, place of
the operation (operating room versus bedside), organ
transplantation, burn injury and complications were
investigated. Intubation time was recorded in days. The
tracheotomy indications were grouped as, prolonged
intubation, upper airway restriction, frequent airway
toilet. Coagulation disorders due to anticoagulant ther-
apy was marked as none, clexane®, fraxiparine®, hepa-
rin, coraspin®, coumadin®. Immunosuppression, deep
tracheal infection and antibiotherapy were mentioned
as positive or negative. Place of the procedure was basi-
cally categorized as bed-side or in the operating room.
Organ transplant patients were grouped as renal or
liver. Burn injury was noted as positive or negative. The
complications were categorized in eight sub-groups as;
no complication occurred, hemorrhage, stenosis, fistula,
decannulation, obstruction, subcutaneous amphysema
and others (stomal infection, stomal granulation).

All statistical analyses were performed using SPSS
for Windows Version 11 (SPSS, Inc. Chicago, IL). A value
of p<0.05 was accepted as statistically significant. The
analyses of two continous variables were performed by
independent samples t-test where parametric assump-
tions were provided, if not Mann-Whitney U-test was
performed. The analyses of three or more continuous
variables were performed by Kruskal-Wallis test where
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Table 1. Sex distribution in both tracheotomy groups

Table 2. Comparison of both tracheotomy techniques

Group A Group B Total Group A (n=112) Group B (n=105) p
Female 40 45 85 Mean age 49.71+2.8 65.02£1.7 0.001*
Male 72 60 132 Mean intubation 15.27+1.4 13.55£1.5 NS**
duration (day)
parametric assumptions were not provided. Chi-square Mortality rate 454% 54.6% 0.001***
test was performed for analyses of qualitative variables. Culture positivity 31.8% 68.2% 0.001***

RESULTS

The median age was 65 years (range 0 to 97 years). The
mean ages in group A and group B were 49.7+2.8 and
65+1.7 respectively. The difference in ages were statisti-
cally significant (p=0.001). There were 85 female, 132
male patients (Table 1). No statistically significant differ-
ence was noted according to sex in each group (p>0.05).
143 patients were given anticoagulant therapy, of which
83 were given clexane. Eight of them were given hepa-
rin. Five patients were using coraspin and seven patients
were coumadinized. Thirty patients were having com-
bined anticoagulant drugs. Seventy-one patients had
no coagulaopathic disorder. The mean intubation dura-
tion in group 1 was 15.27+1.4 days. In group 2 it was
13.55+1.5 days. This was not significant in both groups
(p>0.05). Total number of patients who survived was
73, and 141 patients died. The mortality in group A was
45.4%, while it was 54.6% in group B. The results were
significant (p<0.05) (Table 2). 85.1% of group A had no
complications but in group B only 14.9% of cases were
free of complications. The difference in complication
rates were statistically significant (p=0.001). The compli-
cation sub-groups were separately evaluated. According
to this, 12 patients had hemorrhage and 10 of them were
in group B. Stenosis was seen in four patients and one of
them was in group A. In six patients TOF was seen and
five of them were in group B. Three patients from each
group had decannulation problem. Cannula obstruction
was observed in four group A patients and one group
B patient. Subcutaneous amphysema was seen in two
patients in group A but in group B, it was seen only

Table 3. Comparison of complications in open versus
percutaneous dilational tracheotomy techniques

Complications Group A Group B Total  p*
(Open)  (Percutaneous)

Hemorrhage 2 10 12

Tracheal stenosis 1 3 4

TOF 1 5 6

Decannulation 3 3 6 0.001

Cannula obstruction 4 1 5

Subcutaneous 2 1 3

amphysema

Granulation 4 0 4

and stomal infection

*Chi-square test.
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in deep tracheal aspirate

NS: Non-significant; *Mann-Whitney U-test; **Independent samples
t-test; ***Chi-square test.

in one patient. Stomal infection and granulation were
frequent in group A, compared to group B (Table 3). We
also compared the relation between immunosuppres-
sion, organ transplantation, burn injury, BMI, antibio-
therapy, deep tracheal infection, coagulation, intubation
duration, place in which the procedure was performed,
and the complication rates. According to this, there was
no significant correlation between immunosuppression
and complication rates. 75% of immunocompromised
patients had no complications, whereas this ratio was
69.3% in the non-immunocompromised group (p>0.05).
Moreover, organ transplantation and burn injury were
not predisposing factors for the complications (p>0.05).
There was no statistically significant BMI difference
between two groups (p>0.05). Antibiotherapy was not
effective on the complication rates (p>0.05). There was a
significant relation between deep tracheal aspirate infec-
tion and complication rates. Especially, stomal infection
and granulation were closely related with deep tracheal
infection (p<0.05). 91.2% of patients who did not have
deep tracheal infection had no complications but only
64.4% of patients with deep tracheal infection were free
of complication. No difference was observed between
coagulopathies and complication rates which indicates
that any anticoagulant agents in our study do not
directly influence the complications developed (p>0.05).
We also checked whether there was a significant differ-
ence between the intubation indications and complica-
tion rates but no difference was observed (p>0.05). The
room in which tracheotomy was performed significantly
affected the complication rates. According to this result,
81% of patients with no complications were operated
in the operating room (p=0.001). Most of the open tech-
nique tracheotomies in this study were performed in the
operating room.

The expenditure of both techniques were evaluated
and for our hospital, it was calculated that open tech-
nique cost 532 euros, while percutaneous technique cost
208 euros.

DISCUSSION

Percutaneous tracheotomy began to be frequently per-
formed in the last years and this technique is considered
as an alternative to conventional method. In the litera-
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ture, there are studies supporting PDT as a cost-effective
method, which has low complication rates compared to
the open technique. It is also mentioned that performing
this technique takes less time.

In 1991, Hazard et al. showed in their prospective
randomized study that the complication rate of per-
cutaneous tracheotomy was 25%, while in the same
study the rate of open technique was 58%. Also in 1995,
another study by Freidman et al. showed 12% and 41%
complication rates in percutaneous tracheotomy and
open technique, respectively. Freidman mentioned that
this new technique is applied in a short period and has
less morbidity. In another prospective randomized study
performed in 1999, the minor complication rates were
found similar in both techniques. According to Morelli
et al. after using endoscopy during the procedure,
percutaneous tracheotomy has started to become less
complicated. We also found that PDT was less compli-
cated when applied endoscopically. In the first ten cases
in whom PDT was performed, the complication rates
were higher. TOF was seen in two cases and cricoid car-
tilage fracture was seen in one endoscopy-free PDT. The
general consensus is not to perform PDT in pediatric,
morbid obese and coagulopathic patients.'? However,
there are studies approving PDT in pediatric and morbid
obese patients, only if peroperative multidisciplinary
approach and endoscopic examination is possible.”] In
our study, no increased complication rates were found in
coagulopathic patients treated by PDT. Hutchinson and
Mitchell mentioned that by using ‘Rapitrec’ in PDT, two
patients had tension pneoumothorax and one of them
had died. They emphasized that in all their PDT cases,
pseudotract occured. Wang et al. ceased their study due
to complications like pneumothorax, decannulation and
death seen in three patients after PDT. They defined the
technique as a dangerous procedure which has major
complications and contribute to death’. In their study,
van Heurn et al¥! examined trachea histopathologi-
cally after PDT. They found that in patients who stayed
tracheotomized for more than 10 days, there were one
or more stenotic locus in the trachea.® Moreover, 11
patients had cricoid cartilage fracture and deep mucosal
ulceration, eight patients had one or more tracheal ring
injury, three patients had cricoid cartilage injury and in
two patients protrusion of the tracheal wall through the
lumen occurred. In a meta-analysis, 7697 open tech-
nique tracheotomy and 1817 PDT cases were compared.
Peroperative complications and mortality rates were
found higher in PDT.¥ Higgins and Puntakheel® com-
pared both techniques. Their meta-analysis showed that
decannulation and obstruction were seen more in PDT.
Conversely, cannula obstruction rate was found lower
in PDT group in our study. This may be because most of
the PDT group patients were treated in the intensive care
units. So any sudden changes in the vital functions were
observed and treated in seconds. On the other hand,
wound infection and stomatitis were more frequent
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in open technique.™ Similar results were observed in
our study. Subcutaneous amphysema was seen in two
patients in group A. Whereas there was only one group
B patient with this complication. This is an expected
result since during the open technique tissue plans are
dissected and become vulnerable to amphysema.

Some authors say that PDT is cheaper and takes less
time to perform. But bedside tracheotomy choice is still
advised to be the open technique.”! Percutaneous dila-
tional tracheotomy seems to have the advantage of being
applied by non-surgeon health givers. In fact, there are
so many studies suggesting that this technique has bet-
ter results, if performed by surgeons.® In our study,
open technique tracheotomy was applied by surgeons
and PDT was applied by anesthesiologists.

In cases in which the anatomical neck landmarks are
difficult to palpate, use of open technique is suggested.
If necessary, PDT should be applied endoscopically.
According to Massick et al."®! there are two circumstanc-
es that PDT were contraindicated. If the procedure is
planned on bedside, surgical equipment and trained
team should be available. If not, PDT is contraindicated.
Our study results also support their findings. In two
patients who underwent percutaneous tracheotomy,
the procedure failed and open technique tracheotomy
had to be applied. The complication rates were less in
patients who underwent tracheotomy in the operating
room. In the operating room, patients’ anesthetic medi-
cations are easily applied, surgeon is more comfortable
in giving the best position to the patient. The lighten-
ing is optimal. All the surgical equipment is available.
Patients' vital functions are well monitored. In this
study, most of the patients in group B were operated in
the intensive care unit (bedside). Furthermore, patients
who have suboptimal cervical anatomy PDT is strictly
contraindicated.™*% Our findings showed that there is
no significant relation between BMI and tracheotomy
complications. Further investigations which include cer-
vical thickness measures may be appropriate. In a study
which was published in 2005, Epstein mentioned that
suprastomal stenosis is frequently seen after PDT, due to
posterior tracheal wall injury.’¥ Another study showed
that in 19 PDT with Grigg’s Technique (clamp dilation)
12 patients had more than 10%, two patients had more
than 25% stenosis of the tracheal lumen. In all cases, PDT
was performed endoscopically.™!

It should be kept in mind that complications related
to open technique tracheotomy decrease as time passes.
To our knowledge, the long-term follow-up results of
both procedures and the long-term complication data
are limited in the literature. This study lightens further
investigations. However, this study shows that open
technique tracheotomy is more convenient compared
to percutaneous tracheotomy. But it should also be con-
sidered that our patient spectrum had many co-morbid
diseases especially in group B. This may also contribute
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to high complication and mortality rates within this
group. The major systemic problems were cardiac, neu-
rologic, endocrinologic, surgical and related to renal and
liver insufficiency. Since there were so many comorbid
diseases, statistical analyses regarding the relation of
diseases with complications could not be performed.
Further investigations may be undertaken. The mortal-
ity was found higher in group B. This result may not
be directly related with the procedure itself. Group B
patients’ mean age was found to be higher and they had
other systemic diseases. They were treated and followed
in the intensive care units. These factors affect survival
negatively. Another result found in our study is that
there was a significant difference in mean ages of both
groups. To our knowledge, there was no data in the lit-
erature emphasizing this kind of difference. In our hos-
pital, PDT is usually performed in intensive care units.
That is why the patient spectrum is elderly compared to
the open technique patients.

In conclusion, our study revealed that there was
statistically significant difference in complication rates
between open and percutaneous tracheotomy tech-
niques. Major complications (TOF, tracheal stenosis,
hemorrhage) were mostly related to PDT. However,
stomal infection, stomal granulation tissue formation,
and cannula obstruction due to mucoid debris was more
frequent in the open technique group. The mortality rate
was found to be higher in the PDT group, but consider-
ing the higher mean age and prevalence of comorbid
diseases in this group, higher mortality was not unex-
pected.
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