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Patrick Ravussin MD, James Freeman MD 

A new transtracheal 
catheter for ventila- 
tion and resuscitation 

We describe a new catheter for emergency ventilation of 

patients difficult to intubate. This catheter can be inserted 

through the crico-thyroid membrane or the first or second 

intertracheal ringspace with ease in an ahnost atraumatic 

fashion. The outside part of the device, with its dual 

attachment system, can be connected to conventional 

resuscitation equipment by its 15 mm male end or to a 

high-pressure oxygen source by its luer-lock fitting. A 

double angulation maintains the intratracheal portion of 

the catheter in the axis of the trachea and the external part 

in close contact with the larynx. A Velcro band attached 

to two lateral flanges keeps the catheter in place. The 

results of transtracheal catheterization of 48 patients by 

means of this new device are discussed. 
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Difficult intubation in a hypoxic patient is a chilling 
prospect for any anaesthetist. Over the years anaes- 
thetists and critical care physicians have therefore 
designed a variety of means to provide oxygenation 
and ventilation in such instances. In the early fifties 
Jacoby et al. ,,2 punctured, with a 14-gauge needle, 
the trachea of five patients who were extremely 
difficult to intubate and in this way insufflated 
oxygen while the surgeon or the anaesthetist pro- 
ceeded with a tracheotomy or with intubation. 
Saunders (1967) ventilated patients down a 
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bronchoscope during bronchoscopy 3 with a high- 
pressure oxygen source which he opened and closed 
twenty times a minute. In 1971 Spoerel et al. 4 

combined transtracheal and high pressure jet 
ventilation during anaesthesia in elective patients. 
One year later Jacobs 5'6 stressed the importance of a 
minimum oxygen flow to correct hypoxemia 7 and 
attached a high-pressure ventilator to produce 
adequate alveolar ventilation. 

In recent years numerous researchers s-2~ have 
suggested further methods, based on those outlined 
above, to rescue hypoxic patients who could not 
easily be intubated. Klain et al. 2J-23 developed 
techniques using high frequency jet ventilation 
(HFJV) which have enlarged the indications for 
transtracheal ventilation (Table I). 

The solution we present is based on the design of 
a new device and on the experience gained at the 
Centre Hospitalier Universitaire Vaudois (CHUV) 
in the last year. 

Methods 
Dissatisfied with the custom-made transtracheal 
needles and catheters available in our centre, we 
designed and tested our own transtracheal device.* 
The 13-gauge intratracheal catheter, mounted on a 
stainless steel needle, is made of radio-opaque 
Teflon. It is 70 mm long, with an angle 15 ~ in a 
coronal plan that allows it to be inserted in the axis 
of the trachea (Carden et al.). 8 At the distal end two 
circular holes, 0.8 mm in diameter, are located 8 
mm from the tip. These serve to decrease the 
Venturi effect and to separate the end of the catheter 
from the mucosa during high frequency jet ventila- 
tion. At the proximal end the catheter is glued to a 
luer-lock hub located at the centre of a 15 mm ISO 
male polystyrol connector that constitutes the extra- 

*Now being manufactured by VBM laboratories 
(Medizintechnick D-7247, Sulz/Neckar, Germany). 
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TABLE 1 Indications for transtracheal ventilation 

6! 

Group I Group 11 Group 111 

Unsuccessful intubation related to: Difficult intubation where a nasal 
approach is possible: 

Foreign body obstructing the airway 
Large tumour of the airway 

Inflammatory process 
Bilateral vocal cord paralysis 

Trauma to face and larynx 

Intermaxillary fixation associated with 
a basal skull fracture 
Failure to achieve intubation 
in group I! patients 

Pmtroding front teeth 
Retmgnathia and/or presence of an 
anteriorly placed larynx 
Rigid or unstable cervical spine 
Limited mouth opening due to trauma, 
trismus, etc. 
Congenital anomalies of the oro-facial 
region 

Airway management where transtracheal 
ventilation is considered an alternative 
during: 

Suspension microlaryngoscopy 
Surgery of the trachea 

Laser surgery of the upper airway 
Presence of contra-indications to the 
use of muscle relaxants 
Endoscopy 

Cardio-pulmonary resuscitation 

Transtracheal ventilation offers a lifesaving technical advance to group 1 cases; the technique is a valuable alternative to naso- 
tracheal intubation in group I1 cases, and has been used successfully in group II1 cases. 

conditions,  the laryngeal region was infiltrated 
locally with Xylocaine  one per  cent if the patient 

was not yet anaesthetized. The catheter, attached to 
a 5 ml syr inge filled with 1 ml saline, was 

introduced either through the crico-thyroid mem-  

brane or be tween two adjacent tracheal r ings,  while 

cont inuous negative pressure  was  exerted with the 

piston of  the syringe. When  the tip had entered the 

trachea, the teflon catheter was  advanced to the hilt 

over the stainless steel needle. During endoscopy  

the posit ion of  the catheter was  verified by the 

FIGURE I The dual angulation of the catheter, as well as the 
double connection, is outlined; the catheter is positioned 
through the crico-thyroid membrane. 

tracheal port ion (Figure 1). This  part forms a 45 ~ 

angle with the catheter, and provides a close fit 

between the connector  and the larynx, to which it is 

attached by a Velcro band which extends around the 

neck and is attached to two polyethylene flanges. 
The catheter can thus be attached to a high- 

pressure source (e,g. a HFJV system) with its 
luer-lock connect ion,  or to a conventional  ventila- 
tion device such as a resuscitation bag (Figure 2). 

Between December  1983 and April 1984 the 

catheter was used in 48 patients (Table II). A simple 
approach was used in all cases. Under  aseptic 

FIGURE 2 The transtracbeal catheter with its double connec- 
tion and the metal guide used for insertion is seen surrounded 
by alternative ways of ventilation. The lateral flanges allow for 
fixation to the neck of the patient. 
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TABLE It Summary of use of transtracheal ventilation in 48 patients 

Group A Group B Group C Group D Group E Total 

Emergency after Elective cases; lntermaxillary wiring Suspension microlaryngoscopy Endoscopy 
unsuccessful difficult intubation with basal skull and laser surgery 
auempts at oral predicted from fracture 
intubation clinical assessment 

2 cases* 6 casest 10 cases 20 cases 10 cases 48 cases 

*In both instances the catheter was connected initially to a conventional anaesthetic circuit and intermittent positive pressure 
ventilation was initiated with 100% oxygen. 
tin all cases an apparently mandatory traeheotomy was avoided. Among these six pauenls, four were first ventilated with IPPV and 
100% oxygen with the catheter in place and connected to a conventional anaesthetic circuit. 

surgeon; during all procedures tracheal air entry 
into the syringe was checked twice and lung 
auscultation performed. 

Of 48 patients, 47 were ventilated using a HFJV 
system with minute volumes of 250 ml.kg-Z at 
ventilator driving pressures of 1-3 bar. 23 The 
inspiration: expiration ratio was fixed at 1:2 in the 
presence of a 150 Hz frequency rate; the inhalation 
gases consisted initially of nitrous oxide and oxygen 
in equal concentrations. Etomidate (Hypnomid- 
ate| vecuronium bromide (Norcuron| and fen- 
tanyl were used to induce hypnosis, muscular 
relaxation, and analgesia. Arterial blood gases were 
measured and the ventilation parameters and the 
FrO2 modified, when necessary. 

The two patients in group A and four of the six 
patients in group B were first ventilated with 
conventional methods at 100 per cent oxygen for as 
long as was necessary to obtain a high frequency 
vent i la tor  (one  case) ,  to p e r f o r m  an e m e r g e n c y  

tracheotomy (one case), or to create surgically an 
escape route for gases insufflated at high pressure 
(four cases). 

Results 
In the 48 patients the total anaesthetic time ranged 
from 10 to 360 minutes. The patients' pulse and 
blood pressure were routinely monitored and re- 
mained within physiological limits. All blood gases 
were considered normal or better than normal 
except for eight cases where the PaCO2 was found 
to be above 45 mmHg in spite of adequate PaO2 
values. 

In the six patients who were first manually 
ventilated with conventional means through the 
transtracheal catheter, blood gases were measured 

immediately before the technique was modified. 
The results are presented in Table III. The values 
were normalised in each instance either with a 
HFJV system (five patients) or with 1PPV through a 
tracheal cannula (one patient). 

In two additional patients suffering from COPD, 
PaCO2's of 60 and 63 mmHg were observed during 
endoscopy; the situation was corrected rapidly by 
increasing the minute ventilation of the HFJV. 

The tracheal mucosa, observed directly in 36 of 
the 48 patients, showed no abnormality related to 
the trauma of puncture or insufflation. The catheter 
was never repositioned as it appeared to have been 
correctly inserted in each instance. 

One complication was observed when a patient 
developed severe cervical and mediastinal emphy- 
sema caused by accidental displacement of the 
catheter out of the trachea. Other minor side effects 
included postsurgical dry coughing in ten patients. 

Discussion 
This improved transtracheal catheter is an extension 
of recent trends in resuscitation and ventilation 
methods applied to patients difficult to intubate. 
The dual connection, which allows for conventional 
or jet ventilation, is a most valuable feature. We 
realize, however, that intermittent positive- 
pressure ventilation through a 13-gauge catheter is 
not satisfactory, as PaCO~ levels cannot be con- 
trolled (Table lit). 

A crico-thyroid puncture is the preferred route for 
the catheter as trauma to vessels or nerves is 
unlikely at this level. 12 The double angulation of the 
catheter device allows for optimal positioning in the 
axis of the trachea. Whenever possible the position 
should be observed directly. A lower puncture site, 
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TABLE 111 Individual values of PaCO2 and PaO2 in 6 patients 

Later values 
Transtracheal HFJV 

Initial values (5 cases) and 
Manual trans- tracheotomy with 
tracheal ventilation IPPV (1 case) 

Patients PaC02 Pa02 PaC02 PaO: 

I 5] 170 36 
2 112 102 47 
3 52 130 36 
4 63 230 44 
5 83 163 39 
6 89 122 42 

All values are expressed in mmHg. 
The 6 patients were ventilated initially with conventional 
methods through the transtracheal catheter system. Patients 1 
and 2 belong to group A and patients 3 to 6 are part of group B. 

although acceptable, constitutes a more difficult 
and hazardous route. 

The only complication occurred when the cathe- 
ter was accidentally displaced out of the tracheal 
lumen. The catheter must be attached tightly to the 
larynx; the flanges should always be secured around 
the patient's neck with the Velcro band. Multiple 
punctures of the tracheal wall should be avoided. 
Although trauma to the mucosa resulting from 
high-pressure jet inflation is possible, none was 
observed in our series, confirming the results of 
Klain and Smith. 21 An escape route for inflated 
gases should always be present. 

The transtracheal catheter was designed pri- 
marily for the emergency treatment of the hypoxic, 
difficult to intubate patient. However, the catheter 
also provides a useful alternative to intubation in 
surgical procedures on the upper airway, 24 as it is 
less likely to damage the mucosa. Elimination of the 
endotracheal tube also permits better visualisation 
of delicate structures during laryngeal surgery. 
Furthermore the catheter is unlikely to burst into 
flames during laser surgery.25 Indications for use of 
the catheter are outlined in Table I. The list is by no 
means exhaustive and newer indications will likely 
arise. 

This catheter must obviously be used with 
caution: no device is guaranteed against human 
error. A low restriction of the trachea due to a 
turnout or a foreign object, massive tumoral, 
inflammatory, or granulomatous tissue at the punc- 

ture site, or infection in the area are all reasons for 
selecting an alternative ventilation technique. 

In conclusion, we feel entitled to recommend this 
new catheter device to all anaesthetists and critical 
care physicians. 
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R6sum6 
Un nouveau Lvstdme de canulation transtrachdale ou 

transcrico-thyroi'dienne est present& Les multiples avon- 

rages qu'il procure sont a) sa mise en place rapide, b) so 

connexion aisde, par son embout ISO 15 mm m61e et/ou 

par son embout tuer-lock femelle scell~ en son milieu, rJ 

tout circuit d'anesthdsie ou de rdanimation, c) ses 2 

ailenes, permettant une fLration solide autour du cou da 

patient et d) sa double angulation, assurant uae position 

parall~.le gl la trochee et un positionnement addquat 

contre le latyrLr du patient. 

Un total de 48 patients ayant ~td ventilds avec suc'cds 

au moyen de ce cathdter est prdsent& Les hzdications 

dta&nt les suivantes: a) patients difficiles d intuber: huit 

cos b) patients ayant ddj,q une ~ration interma~'illaire 

associde ~ une fracture de la base et/ou de la lame 

cribNe: dix cos c) microlaryngoscopies en suspension 

avec laser: vingt cos d) endoscopies: dix cos. 

Vu les excellents r~sultats obtenus et la facilitd 

d'administrer de l' oxyg~ne par eette voie, on ne peut que 

souligner l' importance d' avoir rapidement sous la main 

un cathdter transtrachdal et des connexions addquates. 


