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Emergency laryngotracheal intubation is efficacious in ap-
proximately 97% of cases.! Thus, a surgical airway is needed
in only 3% of such emergencies.> A summary of indications
and contraindications for choice of airway access is pre-
sented in Table 80-1.

The need for an immediate surgical airway is evaluated
in light of difficulties associated with emergency intubation
(e.g., presence of laryngotracheal trauma or a foreign body
lodged in the pharyngolaryngeal area). The surgical airway
is also considered emergently in cases of suspected cervical
spine fracture or severe anatomic deformity associated with
oromaxillofacial or laryngeal trauma. Preoperative intuba-
tion of patients with known cervical fracture under opti-
mum conditions in one investigation demonstrated new
neurologic deficits in 1% to 2% of the patients with no
differences based on technique (awake vs. with induction)
or route (oral vs. nasal).®> According to one report,* most
cervical fractures encountered today occur in motor vehicle
accidents (61%), with the following distribution: C-1, 7.1%;
C-2, 12%; C-3, 5.7%; C-4, 15.0%; C-5, 29.2%; C-6, 27.0%; C-7,
3.5%. These patients were intubated in the operating room
by nasal (71%) or oral (22%) routes, in the emergency de-
partment (6%), or in the prehospital realm (1%), all success-
fully without new neurologic deficit* In another study of
blunt trauma, the incidence of cervical fracture was approx-
imately 6% of all patients; 49% of these patients were intu-

TABLE 80-1. Artificial Airway Categories

bated orally and 47% were intubated nasally, leaving 4%-'
who were treated with cricothyroidotomy

The presence of severe laryngotracheal trauma may ro.
quire immediate establishment of a surgical airway. Sygp
trauma occurs more commonly with penetrating inj
(65%) and is associated with airway compromise (43%) anq
significant mortality (12%).° The neck injury may be locg]-
ized to the larynx itself, presenting with stridor and/or dys-
phonia as a result of edema, hematoma, laceration, anq
vocal cord dysfunction. Injury to the cervical trachea often |
presents with subcutaneous emphysema. Rupture of the in.
trathoracic trachea is suspected in the presence of pneumg.
mediastinum or hemoptysis. Laryngeal injury is a relatiye
contraindication to cricothyroidotomy and both oral ang .
nasal intubation for extended periods. This situation re.
mains the only indication for “emergency” tracheostomy, a
procedure that is often time consuming even in expert '
hands.¢ Therefore, preceding tracheal intubation to provide -
a guaranteed patent airway, if possible, is preferred even
for this type of emergency tracheostomy. 3

When surgical airway is required emergently, cricothy- .
roidotomy is the procedure of choice, except in patients with
laryngeal trauma. Cricothyroidotomy has a higher success
rate compared with tracheostomy and better patient neuro-
logic outcome based primarily on less time required for the
procedure’ However, as a group, patients requiring an
emergency surgical airway have a relatively high mortality.$

LARYNGEAL ANATOMY

The thyroid cartilage is the most readily identified laryngeal
structure; it is located superior to the cricoid cartilage, to
which it is connected by the cricothyroid joints and mem-
brane (Fig. 80-1). This cricothyroid membrane occupies a
trapezoidal area of approximately 3 cm* and has a 5- to 12-
mm vertical height” ** Adjacent vascular structures may
include the overlying pyramidal lobe from the thyroid isth- -
mus and small branches of the superior thyroidal arteries.
Through another short, fibrous connection, the cricoid car-
tilage is united with the first tracheal cartilage. Sensory in-
nervation to the larynx is provided mainly by the superior

Intubation Surgical Cricothyroidotomy

Percutaneous Catheter
Cricothyroidotomy or

Tracheotomy Surgical Tracheotomy

Indications

General anesthesia
Respiratory arrest
Airway obstruction
Respiratory distress
Hemorrhage

Secretion retention
Pulmonary contusion
Facial trauma (moderate)
Penetrating neck trauma
Cardiac instability
Cardiac arrest

Coma

Contraindications

Anatomic difficulty

Coagulopathy (nasal)

Facial fracture (nasal)

Cervical spine fracture
(relative)

Failed intubation

Upper airway obstruction

Secretion retention

Medium-term mechanical
ventilation

Respiratory failure after
recent sternotomy

Cervical fracture

Facial trauma (severe)

Emergency airway

Laryngeal infection
Laryngeal trauma
Intubation (>3 days)
Pediatric patients (relative)
Coagulopathy

Failed intubation

Cervical fracture

Partial airway obstruction
Pharyngeal foreign body

Complete airway obstruction
Pediatric patients (relative)
Laryngeal trauma (relative)

Failed cricothyroidotomy
Upper airway obstruction
Long-term mechanical ventilation
Difficult weaning ¥
ETT laryngeal injury
Speech capability

Need for oral intake
Psychosocial benefit
Oromaxillofacial trauma
Pharyngeal/glottic edema )
Nasal/oral/laryngeal hemorrhage
Neurologic deficit a

Recent sternotomy
Emergency airway

Abbreviation: ETT = endotracheal tube.
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Figure 80-1. The laryngeal anatomy.

laryngeal nerves, whereas the recurrent laryngeal nerves
provide motor innervation to the small laryngeal muscles
except the cricothyroid muscles, which are supplied by the
motor branches of the superior laryngeal nerves.

CRICOTHYROIDOTOMY
Historic Background

The modern history of cricothyroidotomy begins with the
classic works of Chevalier Jackson, whose 30-year experi-
ence in treatment of laryngostenosis indicated that 93% of
all complications occurred with what he referred to as “high
tracheostomy”” but with only 20% involving the cricothyroid
membrane." Thus, this valuable surgical airway technique
was viewed with disfavor until the important review of
cricothyroidotomy published by Brantigan and Grow in
1976. They reported a complication rate of only 6% in a
large series, none of which was severe.?

Indications

The indications for cricothyroidotomy vary, but the tech-
nique is useful in any condition in which conventional in-
tubation is not immediately successful. The technique is
suitable for both emergent and elective situations (see Table
80-1). Contraindications are relative because most of these
patients are in dire need of airway control. The procedure
itself is simple to perform but optimized by meticulous tech-
nique (e.g., as follows):

PROCEDURE

- Position: Neck hyperextension is desirable using a towel roll be-
neath the shoulders. The head must remain supported by the
Operating room table.

- Stabilization: The nondominant hand stabilizes laryngeal cartilage
Wwith the index finger in the superior notch and the thumb and
forefinger laterally. ;

- Cutaneous incision: Although a horizontal incision is preferred
When anatomic structures are easily identified, a vertical incision
performed in the midline allows better landmark identification,
greater chance of locating the cricothyroid membrane, and less
Ple.eding, but healing is cosmetically inferior to the horizontal
Incision.

« Cricothyroid incision: A horizontal stab incision through the cri-
cothyroid membrane is performed with the knife directed

slightly upward to avoid unintentional injury of the posterior
tracheal wall.

5. Stabilization: An assistant with superior and inferior skin hooks
will optimize visualization.

6. Dilatation: “Once in, stay in.” Replace the scalpel blade with a
Trousseaux dilator or curved hemostat.

7. Insertion: Insert a 6-mm tracheostomy (or tracheal) tube or a
special cricothyroidostomy tube (Rusch, Germany).

8. Confirmation: Assess air and suction catheter passage through the
tube. Obtain a chest radiograph, noting the tube position and the
presence of any pneumothorax.

9. Fixation: Stabilize the tube with cloth, tracheal ties, and sutures
or tape around the tube.

Emergency Aspects

The experience with emergency cricothyroidotomy suggests
that adequate ventilation is achieved in most cases. Careful
attention to depth and angle of penetration minimizes com-
plications. With proper training, the procedure is easily and
rapidly performed and is the emergency airway procedure
of choice, especially in life-threatening airway obstruction.”
The clinical efficiency of cricothyroidotomy has been dem-
onstrated particularly in trauma centers whenever a difficult
intubation is encountered.

Prehospital indications for cricothyroidotomy in one large
series included severe facial trauma (40%), failed oral intu-
bation (35%), and potential cervical fracture (5%), with an
88% rate of success reported.’* When the procedure fails, the
outcome usually is not good; patients in cardiac arrest dem-
onstrated particularly poor survival or neurologic devasta-
tion." In another study, the most common indications for a
surgical airway were oromaxillofacial trauma (67%) and
failed intubation (20%). A surgical airway was required in
2% to 3% of prehospital airway emergencies; a surprisingly
high success rate of 98% was reported.’

Patients have undergone cricothyroidotomy secondarily
to failed intubation (e.g., resulting from emesis or hemor-
rhage).'® The survival rate was 32% in a reported material
with significant difficulties encountered, such as misplace-
ment of the tube (33%), insertion time longer than 3 minutes
(26%), unsuccessful procedure (20%), hemorrhage (13%),
and thyroid cartilage fracture (7%).'

Rapid cricothyroidotomy performed in the trauma setting
allowed survival of 59% of such patients in one study.”
Minor complications occurred in 27% at subsequent conver-
sion to conventional tracheostomy, whereas major compli-
cations were more common with immediate tracheostomy."”
Emergency cricothyroidotomy was predisposed to particu-
larly poor outcome if instituted late in the course of respi-
ratory failure.

Elective Utilization

The elective indications for cricothyroidotomy include the
need for secretion clearance and prolonged mechanical ven-
tilation. Because of the high risk of mediastinitis, cricothy-
roidostomy has been recommended instead of tracheostomy
in patients after recent cardiac surgery via midline sternot-
omy. Cricothyroidotomy has a complication rate of 1% to
9% in patients predisposed by preceding endotracheal intu-
bation of 7 days or more, which, therefore, is a relative
contraindication.” However, more recent clinical experience
has documented that patients converted from endotracheal
intubation to cricothyroidostomy after 7 days demonstrated
only 5% of minimal side effects (e.g., laryngeal granulation
tissue and stenosis)."”

Cricothyroidostomy has also been explored for the man-
agement of secretions postoperatively with very high effi-
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Figure 80-2. Left, A No. 7 cricothyroidotomy cannula. The cannula
lumen is rounded at the end but ovally shaped (6 X 8 mm ID) in
the part that penetrates the cricothyroid membrane (Courtesy of
Willy Riisch, Kernen-Rommelshausen, Germany). Right, Standard
No. 6 tracheostomy tube without an inner cannula (Courtesy of
Shiley Tracheostomy Products, Mallinckrodt Medical, Irvine, CA.)

cacy and a low complication rate of 3% to 8% manifested
mostly as minor bleeding. Such “minitracheostomy”” estab-
lished through a cricothyroidotomy has an 87% success rate
when maintained for approximately 10 days, enabling effec-
tive secretion removal via a narrow suction catheter.” Cri-
cothyroidotomy and cannulation with a small adult or
pediatric tracheostomy tube (Fig. 80-2) will prevent crico-
thyroid cartilage separation. This technique may also be
used for prolonged management of mechanically ventilated
patients, who preferably have been intubated for a duration
shorter than 1 week and are without bleeding diathesis.

Complications

Difficulties encountered in emergency cricothyroidotomy
are often related to massive neck swelling obscuring the
thyroid cartilage. This emergent setting results in complica-
tions in 18% to 32% of the patients.!*” These complications
include hemorrhage, tube occlusion from debris, tube mis-
placement, and late subglottic stenosis.* Tube misplacement
may occur outside of the cricothyroid space in one third of
such cases (e.g., into the pretracheal tissue). Unintentional
passage of the tube upward into the pharynx instead of
downward into the trachea may be avoided if the cricothy-
roidostomy tube is inserted over a guide wire, catheter, or
dilating probe, which is directed to enter the trachea. Inser-
tions through the thyroid cartilage, into the pharynx, or
even intraesophageally have also been described .
Elective cricothyroidotomy is technically easier than tra-
cheotomy and has only minor adverse sequelae; voice
change is the most common and minimal evidence of sub-
glottic stenosis is less common? Patients predisposed to
complications are those with cricothyroidostomy for more
than 30 days, preceding intubation greater than 7 days, di-
agnosis of diabetes mellitus, and advanced age.”?* Another
strong correlate is the presence of stomal infection, causing
formation of subglottic granulation tissue and subsequent
cartilaginous injury and stenosis”” Thus, the procedure is
associated with some morbidity manifested as moderate to
severe perichondrial inflammation but only minimal steno-
sis. Mortality has been identified as a covariable of patients
in poor condition.? Major complications have been reported

in 7% and include subglottic stenosis resulting from grany. 1
lation tissue formation, whereas minor complications ge. |
curred in 30% and usually were located at the cuff site

The most sensitive indication of dysfunction after airwa
intubation is temporary voice change, demonstrated in 50¢,
to 75% of the patients.® Also, cricothyroid muscle dysfunc-
tion occurs by an unknown mechanism with normal electrg.
myogram and muscle biopsy but manifested as diminisheqd
voice range with lower pitch.*! The most specific measure of
iatrogenic trauma induced by cricothyroidostomy is sub-
glottic stenosis. This problem may occur in as many as 12%
of patients.** However, most modern comparisons suggest
that cricothyroidotomy performed under optimal conditions
without active infection or prolonged preceding intubation
has a lower rate of subglottic stenosis compared with endo-
tracheal intubation.

PERCUTANEOUS CRICOTHYROIDOTOMY

The ““cut and poke” cricothyroidotomy (using a knife blade
with rubber limit followed by cannula insertion) was de-
scribed by Safar and Penninckx in 1967.° A ““last-ditch air-
way”’ was reported in 1979, performed with a scalpel blade
and insertion of an intravenous tubing spike connected to
pressurized oxygen for ventilation.® However, none of
these techniques has gained significant utilization.

The first large clinical trial used the Minitrach (Portex)
system consisting of a 4-mm internal diameter (ID) pediatric
tube placed over an introducer through a cricothyroid mem-
brane incision. The technique has been used in post-thora-
cotomy patients for up to 45 days, providing satisfactory
removal by suction of retained secretions in these patients
(Fig. 80-3, left).®® The Minitrach II System (Portex) was re-
evaluated for pulmonary toilet, demonstrating significant
efficacy manifested as earlier discharge from the intensive
care unit (ICU) in 88% after limited therapy (4 days). Minor
bleeding in 7% was the only significant side effect.** Com-
pared with control, this technique also demonstrated a de-
crease in the frequency of postoperative atelectasis, and
fewer patients required bronchoalveolar lavage for secretion -
management.® One study, however, cited therapeutic fail-
ure in one third of its patients.*

Figure 80-3. Percutaneous cricothyroidotomy kits. Left, The
Minitrach II minitracheotomy kit, which includes a scalpel, an
introducer with a 4-mm-ID cannula, and a suction catheter
(Courtesy of Concord Portex, Keene, NH). Right, A scalpel; an 18-
gauge catheter-over-needle attached to a syringe; a guide wire; a
dilator; and a 6-mm-ID cannula (Courtesy of Cook Critical Care,
Bloomington, IN).




The Nutrake System (International Medical Devices,
Northridge, CA) has demonstrated rapid placement and
high success rate after video instruction of trainees,” but the
equipment is sharp, rigid, and potentially harmful. The use
of minitracheostomy postoperatively in thoracic surgery pa-
tients, in whom a 20-French pediatric tracheostomy tube
was placed as a cricothyroidostomy cannula for removal of
retained secretions, resulted in a 99% success rate and sig-
nificant decrease in the need for bronchoscopy.* Complica-
tions were minimal, with minor bleeding in a few patients.
Subglottic stenosis was not demonstrated.” This procedure
has minimal documented mortality but may occasionally be
difficult or impossible to perform in elderly patients because
of cricothyroid membrane calcification.”

The Seldinger technique using a guide wire may be more
amenable to use by nonsurgeons. A percutaneous method
has been described in which needle placement and guide
wire insertion are followed by dilatation with a nasal spec-
ulum-like dilator and placement of a 6-mm tracheostomy
tube. Although cumbersome, this method suggests the use
of instruments readily available to the critical care physi-
cian.” However, use of the so-called Quicktrach device re-
sulted in longer insertion time compared with open tech-
nique and a complication rate of up to 27% related to the
operator’s level of experience.*

The Melker percutaneous dilatational cricothyroidotomy

kit (Cook, Bloomington, IN) allows cricothyroid membrane
needle puncture, guide wire placement, and insertion of a
unitized, anatomically conformed tube and dilator in a sin-
gle step, minimizing the risk of malposition and cartilage
damage (Fig. 80-3, right). This appears to be a safe and
effective technique. Prior devices have been difficult to in-
sert, often resulting in paratracheal cannula placement and
subcutaneous emphysema.*' Correct position is verified by
fiberoptic bronchoscopy, but suction catheter passage, unob-
structed airflow, or normal end-tidal carbon dioxide concen-
tration may suffice.*!
Percutaneous cricothyroidotomy, as described previously,
allows placement of a definitive airway in the routine or
emergency setting by practitioners of all specialties. How-
ever, some available kits provide dangerously traumatic
equipment. The procedure may also lead to significant com-
plications in patients with anatomic distortion and bleeding
diathesis or when placed by an inexperienced operator.
Therefore, the technique should be included in the educa-
ﬁ‘onal airway repertoire of all critical care medicine physi-
clan trainees.

SURGICAL TRACHEOTOMY
Historic Background

Although tracheotomy was a procedure practiced already
In ancient Egypt, little is known about the technique used.
HO‘:VEVer, Vesalius in 1555 published a compendium illus-
trating a tracheotomy performed by cherubs on a cow, hint-
g at potential complications of the procedure itself. His
deSCI'_iption of performing a tracheotomy reads “but that life
May in a manner of speaking be restored to the animal, an
OPening must be attempted in the trunk of the trachea into
Which a reed or cane should be put; you will then blow into
120 "520 that the lung may rise again and the animal takes in
Use of the tracheotomy procedure resurfaced during the
phtheria epidemic of the 19th century. Trousseau de-
- Stribed its use to prevent asphyxia and airway obstruction.
ackson, in his classic publication of 1921, discussed how
POOT tracheotomy technique caused laryngeal stenosis, spe-
b cally with g hasty operation; general anesthesia; “high
5 aChEOtOmy”; cricoid cartilage division; tight wound suture
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closure; poor postoperative care; cannula of improper size,

shape, or material; and neglect of ordering decent cleanli-

ness in weaning from the cannula." The best described com--
plication in diphtheria survivors is subglottic stenosis. “The

difficulties and dangers, experienced in so many cases on

attempting after the pulmonary disease had subsided, re-

moval of the cannula [sic] from the trachea in which it has

remained for some time, is well known in many. Chief

among these are the sudden attacks of asphyxia, which oc-

cur at this period.””*

Indications

The indications for tracheostomy are diverse. The only con-
traindication is the necessity for an emergency airway be-
cause this procedure is time consuming and requires signif-
icant expertise. Comparison of emergent versus elective
tracheotomy reveals a twofold complication rate with the
former because of longer time spent isolating the trachea as
a result of commonly occurring bleeding.* The procedure
requires attention to detail and is truly an operative inter-
vention that preferably should be performed in the operat-
ing suite and be followed by intensive care, if conditions so
warrant.

I PROCEDURE

1. Sefting: An operative suite is preferred.

2. Position: The head and neck are extended, using a towel roll
beneath the shoulders but with the head still resting against the
operating table.

3. Anesthésia: General anesthesia is preferred with preceding oro-
tracheal or nasotracheal intubation.

4. Skin incision: A transverse incision is made 1 to 2 cm below the
cricoid cartilage in the triangle formed by the medial sternoclei-
domastoid heads and cricoid cartilage.

5. Dissection: Dissection must be adequate to identify fascial
planes. Strap muscles in the midline are separated.

6. Laryngeal nerves: Avoid lateral tracheal dissection, which may
cause injury to the recurrent laryngeal nerves.

7. Thyroid isthmus: Transect with suture ligature. If this area is not
divided, occlusion can occur at accidental decannulation.

8. Tracheal incision: A tracheal incision is done at the second to
third or third to fourth tracheal cartilage. Midline division (not
the horizontal stab method) is used.

9. Tracheal resection: A tracheal fenestration wider than 5 mm
should be avoided. A wide vertical flap or excessively large
tracheal window causes risk of stenosis formation after decan-
nulation.

10. Stabilization: Skin hooks (or Allis Clamp) superiorly and inferi-
orly are used.

11. Tracheal stoma: If a tracheal stoma is used, suture the inverted
tracheal flap to the subcutaneous tissue. Use lateral tracheal
stay sutures, exteriorized, and taped to skin.

12. Cannulation: The tube is 50% to 75% of the diameter of the
trachea. Insert the tube at a right lateral angle and rotate cau-
dad. The sizing is as follows: males, 7- to 8-mm ID; females, 6-
to 7-mm ID.

13. Confirmation: Correct position of tracheostomy tube is con-
firmed by free airflow, suction catheter passage, or radiogra-
phy.

14. Fixitz’on: Tracheal sutures are placed for identification of stoma
in case of early tube dislocation, and around-the-neck straps are
placed for fixation.

15. Incision closure: The skin is loosely approximated to prevent
subcutaneous emphysema.

Technique

Tracheostomy success and complications are dependent on
surgical technique and the equipment used. If an inverted
horseshoe flap technique is used, the flap is sutured to the
subcutaneous tissue. This technique was designed by Bjork
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Figure 80-4. Schematic illustration of tracheostomy-induced
lesions. A = Too high area for tube position; B = stoma damage
area; C = cuff pressure-induced lesion; D = anterior lesion
caused by the tube tip.

and Engstrom to avoid pretracheal insertion after early dis-
location of the tracheostomy tube.** The oval tracheal win-
dow with a diameter of one half of the tracheal width has
been suggested for optimal tube placement.** However, re-
section of less than 5-mm width is sufficient for reinsertion
of an accidentally dislodged tracheostomy tube. The differ-
ent methods compared clinically in a pediatric model sug-
gest that the lowest rate of stenosis occurs with the vertical
tracheal incision followed by the horizontal H technique,
and the most significant rate of stenosis occurs with the
inverted-U flap.”

The design characteristics of the tracheostomy tube are
also important. Pressure necrosis occurring between the
posterior tracheal wall and vertical body of the tube at the
thoracic inlet may be minimized by tube shape (i.e., modifi-
cation of length and curvature) as well as stable tube fixa-
tion (Fig. 80—4).” Longer tracheostomy tubes may impact
against the carina or result in a right mainstem bronchus
intubation.”” Thus, the tracheostomy tube should be soft but
resilient and straight in the intratracheal position, resist
torque, and be of appropriate length (Table 80-2, Fig. 80-5).

For the spontaneously breathing patient, the fenestrated
tube allows use of the larynx for speech and better respira-
tory toilet. However, position of the fenestration is crucial
to avoid obstruction. Individualizing its placement and
using tubes with multiple small openings compared with
one large fenestration are advantageous techniques (Fig.
80-6).%

The ideal tracheostomy cuff should have a sufficiently
large sealing surface area and be of the large-diameter, high-
volume, low-pressure variety.® Prevention of cuff compli-
cations is best addressed by cuff inflation to a maximum of

TABLE 80-2. Tracheostomy Tube Size

Tracheostomy Inner Diameter
Tube Size (French) (mm) Outer Diameter (mm)

5 5.0 7.0-8.5
6 6.0 8.1-9.9
7 7.0 9.6-11.3
8 8.0 10.9-12.6
9 9.0 12.1-14.0

10 10.0 13.3-13.5

Figure 80-5. Tracheostomy tubes. Left, Soft tube without inner
cannula (Courtesy of Shiley Tracheostomy Products, Mallinckrodt
Medical, Irvine, CA). Middle, Soft tube without inner cannula
(Courtesy of Concord Portex, Keene, NH). Right, Rigid tube with
inner cannula (Courtesy of Shiley Tracheostomy Products,
Mallinckrodt Medical, Irvine, CA).

25 cm H,O pressure and frequent monitoring unless preset
automatic cuff pressure technique is used (Fig. 80-7).

Emergency Versus Elective Tracheotomy

The emergency indications for tracheostomy are few but
occur when endotracheal intubation is impossible and cri-
cothyroidotomy is precluded by high-grade upper airway
obstruction, massive neck swelling, or laryngeal injury.
When those conditions are encountered, a finder needle on
a saline-filled syringe is helpful in locating the trachea.

Tracheostomy has a high associated morbidity and signif-
icant mortality from different complications occurring after
prolonged intubation.® However, the mortality of ICU pa-
tients caused by underlying disease must be separated from
that caused by the procedure itself.’

Tracheostomy complications such as bleeding or pneu-
mothorax usually present early (i.e., during tracheotomy or
within 2 days). Tracheobronchopulmonary infections occur
late and with high frequency in critically ill patients.®> The
tracheotomy procedure has been performed safely at the

Figure 80-6. Fenestrated tracheostomy tubes. Left, Multiple
fenestrations (Courtesy of Shiley Tracheostomy Products,
Mallinckrodt Medical, Irvine, CA). Right, Single fenestration
(Courtesy of Shiley Tracheostomy Products, Mallinckrodt Medical,
Irvine, CA).
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Figure 80-7. Modified tracheostomy cannulas. Left, Foam cuff tube
(Courtesy of Bivona, Gary, IN). Middle, Tube with a cuff regulating
device (Courtesy of Shiley Tracheostomy Products, Mallinckrodt
Medical, Irvine, CA). Right, Tube allowing variable length of
insertion (Courtesy of Willy Riisch, Kernen-Rommelshausen,
Germany).

bedside in selected patients under local anesthesia and in-
travenous sedation without significant complications, avoid-
ing the risk of operating room transfer.** Timing strategies
for tracheotomy are numerous and should be individual-
ized. One clinical trial examined tracheotomy performed in
burn patients on day 1 (7%), day 8 (17%), and day 14 (58%),
with the tracheostomy maintained for 1 to 208 days without
clear correlation to complications.® Tracheostomy within 4
days has been recommended in trauma patients, resulting
in a decreased mechanical ventilation requirement and im-
proved pulmonary toilet with less airway and pulmonary
infections.® Similarly, early tracheostomy (within 7 days)
has proven superior based on a shorter period of mechani-
cal ventilation and length of ICU and hospital stay.” How-
ever, another study of trauma patients showed no difference
in laryngotracheal complications between early (fewer than
2 weeks) and late (more than 2 weeks) tracheostomy.*®

Current recommendations are based on clinical evalua-
tion. There are isolated data to suggest that nasal intubation
is equivalent to tracheostomy in the incidence and onset of
laryngeal complications.® Tracheostomy may be superior to
translaryngeal tracheal intubation in specific patient popu-
lations, such as those with burns, who have an increased
incidence of laryngotracheal granuloma formation and ste-
nosis.® The preponderance of evidence suggests that trache-
ostomy (14%) is associated with less laryngeal trauma than
nasotracheal or orotracheal intubation (57%).5 Patients also
find tracheostomy more comfortable, and it allows them to
communicate. It simplifies airway nursing care, and in one
study 92% of the patients preferred this technique for artifi-
clal airway requirements of more than 10 days.

Complications

Mf)St initial perioperative tracheostomy complications are
minor, including hemorrhage and subcutaneous emphy-
sema. Major early complications such as loss of airway con-
trol, obstruction, or excessive blood loss are uncommon.
Mediastinal emphysema and/or unilateral or bilateral
Pneumothoraces may suddenly develop if the patient has
an occluded airway during the procedure and is struggling

to breathe. When the pretracheal fascia is transected, the
excessive negative intrapleural pressure may create a pres-
sure gradient large enough to rupture the pleura with air
entering the pleural cavity from the outside. Whenever pos-
sible, tracheotomy should be performed with preceding tra-
cheal intubation. The reported overall complication rate of
tracheostomy varies between 6% and 48%, which is still less
than that encountered with prolonged endotracheal intuba-
tion_SB, 62, 63

The most often discussed complication is tracheostenosis.
The most significant lesions are found at the cuff site, where
high tracheal wall pressure may cause circumferential ulcer-
ation, ischemic necrosis, and subsequent scarring.** The in-
cidence of this complication has decreased from 6% in the
19th century to between 1% and 2% today.* ** ©* These le-
sions are mainly caused by a cuff pressure that is too high
with a distinct pathogenesis and outcome. However, re-
moval of too much of the tracheal wall and excessive move-
ment of the tracheostomy tube may also cause stenosis at
the stoma level.

The most common complication is infection with far-
reaching sequelae (Table 80-3). Those with tracheostomy
have a higher rate of lower respiratory tract colonization
(76%) with gram-negative rods, such as Pseudomonas aerugi-
nosa, often causing tracheobronchitis.®® The bacteria that col-
onize the respiratory tree at the time of tracheostomy sub-
sequently may grow in number and pathogenic properties.®®
More severe infections include necrotizing tracheitis associ-
ated with purulent stomal drainage and difficult mechanical
ventilation caused by air leak and peristomal cavitation.””
Critically ill patients are predisposed to these complications,
if colonized with Pseudomonas, Enterobacter, or Klebsiella."”
Paratracheal mediastinal abscess formation has been de-
scribed as being associated with upper lobe consolidation
and septicemia.® Tracheal soft-tissue injury is usually local-
ized to the posterior wall (e.g., in cases of mucosal rigidity
associated with radiation therapy or infection).” Massive
dissecting emphysema can occur when the tracheostomy
tube is malpositioned into the pretracheal space with posi-
tive-pressure ventilation applied.*®

Life-threatening hemorrhage involving the brachioce-
phalic trunk (innominate artery) and resulting from tube tip
or cuff erosion,” has been found in 1% of patients. It occurs
especially with cuff overdistention, low-lying tracheostomy,
or pretracheal soft-tissue infection.””” Acute hemostasis is
achieved by cuff hyperinflation and pretracheal digital com-
pression of the innominate artery, followed by emergency
exploration for brachiocephalic trunk division and suture
ligation, which, when successful, is associated with good
neurologic outcome.”

Vascular erosion may also present as a fistula. An innom-
inate artery fistula may be caused by the extratracheal por-
tion of the tracheostomy tube, whereas the intratracheal fis-

TABLE 80-3. Complications Associated with Tracheostomy*
(In Approximate Order of Frequency)

Pneumonia Mediastinal emphysema
Tracheobronchitis Tracheal-innominate artery fistula
Hemorrhage Necrotizing tracheitis

Stomal infection Paratracheal abscess
Tracheostenosis Posterior wall laceration
Tracheomalacia Tracheoesophageal fistula

Subcutaneous emphysema

*For details see Holley and Jordan,* Minard et al,* Boyd and Benzel,* Miller
and Kapp,® Snow et al,” Cole and Kerr,*® Arola et al,”* Adolfsson et al,”* Takano
et al,”2 Schachner et al.’®®
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tula is caused by the tube tip or cuff’” Patients are
predisposed by low-lying tracheostomy (below the fourth
tracheal cartilage), high innominate artery position, infec-
tion, and steroid use.”? Thus, an extratracheal innominate
artery fistula may present with exsanguination and hemo-
dynamic instability, whereas a tracheoinnominate fistula
may present with less bleeding (100-150 mL) but instead
life-threatening airway obstruction and asphyxia.”

Tracheoesophageal fistula occasionally occurs secondary
to compression between an overdistended cuff or the pos-
terior convex contour of a curved rigid tracheostomy tube
and nasogastric tube.” This complication occurs late in pa-
tients with poor prognosis, is difficult to treat, and is usually
lethal”

The institution of a tracheostomy requires constant vigi-
lance and frequent assessment of complications. Prospective
laryngotracheal examination has demonstrated asympto-
matic stomal narrowing in 16%, bleeding in 10%, and mis-
cellaneous problems in an additional 17%. Sellery and col-
leagues reported tracheostenosis severe enough to require
tracheal resection in 8% of patients.” Follow-up of such
patients should include routine bronchoscopic surveil-
lance.” Video technique is especially helpful in the diagno-
sis of phonation difficulty and aspiration problems, which
are often caused by laryngeal nerve or vocal cord dysfunc-
tion.” Conventional tomography of the larynx has been re-
placed by computed tomography in the diagnosis of glottic
abnormalities.”” The need for therapeutic intervention of
subglottic stenosis may be related to the higher likelihood
of survival with current resuscitation techniques.” Patients
are predisposed for tracheostomy complications by abnor-
mal neck anatomy or low-lying tracheostomy.”

Medical therapy includes the use of topical and systemic
antibiotics because stenosis is related to an acute inflamma-
tory and infectious phase.® The use of systemic corticoste-
roids has been explored to address the reactive scarring
phase.®' Progressive balloon dilatation has been described
initially in this condition.® Surgical repair is required for
patients with tracheal diameter narrowing of greater than
50%.% Laryngostenosis occurs most commonly at the cricoid
cartilage level, the narrowest part of the upper airway.*
Tracheostenosis results from endotracheal trauma most
often because of a cuff pressure that is too high. As previ-
ously indicated, the surgical approach includes primary re-
section with end-to-end anastomosis”™ or multistage endo-
scopic laser resection.”

PERCUTANEOUS TRANSTRACHEAL
CATHETERIZATION

Historic Background

Transtracheal artificial ventilation was described by Reed
and colleagues in 1954 in a canine model using a tapered
13-gauge steel needle and a flow system of 15 L per minute
for 30 minutes.® This technique allowed adequate oxygena-
tion but inadequate ventilation, with increasing hypercarbia
and resultant respiratory acidosis causing hemodynamic
depression with decreasing mean arterial pressure and heart
rate and increasing central venous pressure.®® Therefore, the
pressure-flow characteristics of resuscitation needles were
analyzed. The 13-gauge needle with 88 cm H,O pressure
was found to permit 200 mL/s of gas flow.*® However, the
normal adult at rest has a peak inspiratory flow of about
400 mL/s. Therefore, the described system was capable of
maintaining adequate ventilation in an apneic model only
for a few minutes.® This method was further explored, and
the authors concluded that 18-gauge and 16-gauge catheters

Figure 80-8. Left, Cricothyroidotomy catheter device with wings
(for fixation) mounted onto a needle for insertion (Courtesy of
CVM Medizintechnic, Sulz/Neckar, Germany). Right, Manual
activation jet ventilation system designed to provide a pressure of
50 psi. The system is suitable for ventilation with the catheter to
the left. &

are too narrow as emergency airways, with survival limited
to 5 to 15 minutes.® The 13-gauge system allowed survival
up to 60 minutes in dogs, but in calves survival was limited
to 16 minutes.® A cannula size of 13 to 14 gauge necessitates
a high-pressure (40-50 psi) jet insufflation system for ade-
quate ventilation (Fig. 80-8).

I PROCEDURE

Percutaneous transtracheal catheterization is indicated for failed
intubation as the procedure of choice in partial airway obstruction,
but success depends on operator experience. There are some con-
traindications to the procedure, including operator inexperience,
severe coagulopathy, and complete airway obstruction (e.g., caused
by laryngeal trauma), with possibilities for inadequate exhalation
(see Table 80-1).

1. Position: Extend the neck (if there is no cervical spine trauma)

with the face directed straight anteriorly (not turned to the

side). :

. Stabilization: The nondominant hand holds thyroid cartilage.

. Palpation: The index finger guides to cricoid cartilage.

. Apparatus: Use a saline-filled syringe, catheter-over-needle as-
sembly, connector, and oxygen source (50 psi).

5. Entry: The catheter/syringe is directed 45° caudad and inserted
cautiously into the upper trachea while avoiding lesions of the
posterior tracheal wall. A free airflow indicates correct position.

6. Connection: Withdraw the needle, and connect the tubing from
the oxygen source (50 psi).

7. Ventilation: An inspiration-expiration ratio of 1:4 to prevent air
trapping is used.

8. Stabilization: Always retain control of the catheter until it is
permanently secured in the neck.

9. Monitoring: Look for indications of barotrauma, such as hypo-
tension or subcutaneous emphysema.

10. Confirmation: Chest radiograph should be taken to check for
catheter position and absence of pneumothorax and/or subcu-
taneous air.

>N

P

Mechanics

The most critical issue regarding efficacy of ventilation 15
the diameter of the catheter, where turbulent flow varies
inversely with the radius to the fourth power according to
the law of Poiseuille. The minimum catheter size should be
14 gauge, which permits a flow 10 times greater than a 22-
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auge catheter.” A 14-gauge catheter is readily available in
most hospitals. However, it is too narrow for passive exha-
lation, which must take place through the patient’s natural
airway.

The flow delivery system is next in importance when
determining ventilatory efficacy. The minimum pressure
gradient required to generate flow through a small-diameter
cannula is 0.1 to 0.5 psi (7-35 cm H,0).® However, the

ressure gradient required to achieve adequate ventilation
is far greater, easily provided by a 50-psi (3500 cm H,O)
source, but not by a manual bag-valve or demand-valve
system generating a pressure of less than 60 cm H,O.*” The

reviously described model with a 14-gauge cannula using
a 50-psi jet system instead of manual bagging provided a
flow five times greater (235-1034 mL/s) (i.e., enough to
achieve adequate ventilation).*” The lower flow systems of
15 L/min may provide adequate oxygenation, but ventila-
tion is inadequate and survival is limited to 1 to 2 hours
before lethal hypercarbia and respiratory acidosis occur.®”

The percutaneous transtracheal ventilation (PTV) system
has been described as a life-support adjunct in 80 patients
treated at the accident site.”” Using PTV, a canine hemor-
rhagic shock model demonstrated adequate oxygenation
and ventilation (partial pressure of carbon dioxide of 21 mm
Hg) but still serious metabolic acidosis (pH 7.14).”

The indications for emergency use include the presence
of partial airway obstruction. If this obstruction is due to a
laryngotracheal foreign body, PTV may assist in expelling
the object.”” However, complete airway obstruction does not
provide for adequate exhalation, resulting in air trapping
and hyperinflation. In such cases, barotrauma becomes a
concern, with the possibility of bilateral tension pneumo-
thorax, cardiac arrest, and death.

Emergency percutaneous transtracheal catheterization has
been used for treatment of airway obstruction with reason-
able success, but complications including catheter displace-
ment, total expiratory obstruction, and barotrauma were
encountered.” Used cautiously, this technique has been ex-
plored for difficult intubation with no adverse effects on
morbidity or mortality.” The technique has proven effective
in providing more adequate oxygenation than ventilation.”
Clinical evaluation using a commercially available emer-
gency infusion device (Arrow International, Reading, PA),
with an 8.5-gauge catheter resulted in adequate ventilation
in partial-obstruction models.” A 13-gauge angulated cath-
eter with side holes placed between the tracheal cartilages
has also been used successfully in patients.”® Further, the
Minitrach IT System (Portex) has been adapted for jet venti-
lation, proving efficacious in patients.”

Complications

High—frequency jet ventilation (HFJV) at a rate of 250 to 400
per minute has been provided via transtracheal catheters,
but airway inflammation occurs in all such cases and is
manifested as mucosal erosion and leukocyte infiltration at
the catheter tip. This HFJV injury is greater than with con-
ventional intubation and high-frequency ventilation at a
lower rate (150/ min) as well as traditional ventilation fre-
quency (20/min).1® Tracheal mucosal hemorrhage may oc-
Cur secondary to catheter trauma. Posterior tracheal wall
Perforation has also been reported.!®

_Cardiac sequelae are related to the presence of air trap-
PIng often caused by auto—positive end-expiratory pressure
(PEEP) resulting from obstructed exhalation. Increasing
PEEP is productive to a point with increased peak airway
and mean arterial pressures, improved oxygenation, and

reduced shunt fraction.’® However, at levels greater than 20
cm H,O, this auto-PEEP also becomes a limiting factor, de-
creasing cardiac output and increasing intracranial pres-
sure.’” The hypovolemic patient, in particular, will improve
when switched to low-frequency ventilation.?>

The pulmonary complications of PTV include barotrauma
manifested as unilateral or bilateral pneumothorax, pneu-
momediastinum, and subcutaneous emphysema.'® '** This
interstitial emphysema may also dissect along the great ves-
sels and secondarily rupture into the abdominal cavity,
forming pneumoperitoneum,'® which has led to unneces-
sary laparotomy because of suspected gastrointestinal per-
foration.

PERCUTANEOUS DILATATIONAL TRACHEOSTOMY
Historic Background

Percutaneous tracheostomy using a large-bore needle and
guide wire was described in 1976 for emergency use.’* Cur-
rent discussion centers on the use of this technique in the
ICU at the bedside. This percutaneous tracheostomy tech-
nique has been used for treatment of excess secretions, in
patients with prolonged intubation for mechanical ventila-
tion, and in patients with neurologic dysfunction. It has
been performed electively (77%), urgently (28%), or as an
occasional emergency procedure (5%).” This technique
proved successful in 90% of patients when performed in the
emergency department and in 70% of those done in the ICU
or operating room, all with minimal morbidity."””

I PROCEDURE

. Position: The neck is hyperextended.
. Anesthesia: Local anesthesia is preferable.
Landmarks: A minimal horizontal incision is made midway be-
tween the cricothyroid membrane and the sternal notch.
4. Puncture: Intercartilage membrane is punctured at a 45° caudad
angle, avoiding the posterior tracheal wall.
5. Aspiration: Intratracheal position is confirmed by aspiration of
air into a saline-filled syringe.
6. Catheter: Advance the catheter over the needle with air aspira-
tion reconfirmation.
7. Guide wire: The wire is inserted and the catheter removed.
8. Dilatation: Progressively larger dilators are passed.
9. Tracheostormy tube: The tube is passed over the largest dilator,
which is subsequently removed.
10. Confirmation: Position is confirmed by air entry and suction
catheter passage.
11. Stabilization: Around-the-neck straps are placed for fixation.

W N =

Equipment

The described procedure is simplified by use of a commer-
cially available kit (Fig. 80-9; Cook, Bloomington, IN). The
technique is safe but relatively slow. Modifications for rapid
placement include the Rapitrach System (Premier Medical,
Norristown, PA), which uses a hinged device as a dilator
for effective placement'® ' of the tracheostomy tube. The
Nutrach System (International Medical Device, Northridge
CA) includes a steel cannula that has been used for both
cricothyroidostomy and tracheostomy. The original progres-
sive dilator technique was described by Ciaglia and col-
leagues in 1985 and stressed entry between the cricoid car-
tilage and first tracheal cartilage to reduce the incidence and
severity of complications.'® A clinical trial comparing the
Rapitrach and Cook devices with conventional tracheos-
tomy demonstrated procedure times of 5, 15, and 60 min-
utes, respectively (see Fig. 80-9).""* However, the highest
complication rate was found with the Rapitrach System.®
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Figure 80-9. Percutaneous dilational tracheostomy kit (Courtesy of
Cook Critical Care, Bloomington, IN). From top to bottom:

Step 1: A catheter-over-needle is used to puncture the trachea.

Step 2: After needle removal, a plastic guide is inserted through
the catheter.

Step 3: The catheter is removed, and a guide introducer is inserted
over the plastic guide, which is replaced by a guide wire.

Step 4: The introducer is removed, and progressively larger
dilators are inserted; finally, a tracheostomy cannula is inserted
over the dilator.

The Cook device offered an appropriate compromise in the
rapidity of the technique and complication rate.

Complications

The complication rate of this dilatational tracheostomy tech-
nique is minimal, and the mortality has been reported at
only 1%.19 12 113 This Jow complication rate of the dilata-
tional technique (mainly hemorrhage) compares favorably
with the standard procedure, in which obstruction, hemor-
rhage, pneumothorax, and wound infection occur fre-
quently.®' However, occasional cases of life-threatening he-
morrhage as well as pneumothorax have also been reported
with the percutaneous technique."** Tomography confirms
the advantage of percutaneous versus open tracheostomy
with a lower frequency of overall complications using the
former technique.””® The incidence of complications may be
minimized by endoscopic guidance of the percutaneous
technique confirming intratracheal placement and, if neces-
sary, guiding insertion of the tracheostomy tube."* How-
ever, such endoscopy is not a practical choice in emergency
situations.

CONCLUDING REMARKS

The success of the percutaneous cricothyroidostomy and
tracheostomy techniques includes appropriate patient selec-
tion. There is a reported failure rate of 22% in percutaneous
tracheostomy of patients with “non-ideal anatomy.”"” The
best of circumstances allows the percutaneous cricothyroid-
otomy procedure to be performed in 30 seconds instead of
several minutes for a tracheostomy."? The percutaneous dil-
atational tracheostomy procedure is slow but has a 94%

success rate, although the failure rate has been cited to be
higher when performed by nonexperienced operators.s
However, the postoperative result has been optimal (95%)
with decannulation possible in most patients."
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Proximal Airway Disorders in
the Pediatric Patient

Richard E. Weibley, MD, MPH

Airway pathology is a common problem for physicians car-
ing for pediatric patients. The proximal airway from the
nares to the carina is often involved. Although the number
of different disorders that can occur in the proximal airway
of pediatric patients is large, careful attention to history and
physical findings coupled with an understanding of anat-
omy and pathophysiology should allow a clinician to local-
ize the lesion generally and begin treatment while investi-
gating and defining the specific diagnosis.

ANATOMY

The processes of development as well as absolute size dif-
ferences are important for understanding the causes of prox-
imal airway failure and their appropriate treatment in in-
fants, children, and adolescents. Because newborn infants
have a relatively small mandible and a large tongue that
crowds and fills the oropharynx, infants are primarily obli-
gate nose breathers during quiet respiration.! As the mid-
face and mandible grow, the relative difficulties of oropha-
ryngeal breathing in infancy disappear.

The epiglottis in infancy is relatively long and stiff, U or
V shaped, and angulated approximately 45° from the ante-
rior pharyngeal wall owing to the close proximity of the
hyoid bone and thyroid cartilage.> As growth occurs, sepa-
ration of the hyoid and the thyroid cartilage results in a
more erect position of the epiglottis. By adolescence, the
epiglottis assumes the flattened and flexible adult anatomy,
positioned parallel to the base of the tongue.

The laryngeal structures also change with growth, mov-
ing lower in the neck with age.! In term infants, the laryn-
geal inlet is at the level of the cervical vertebral interspace
(C3-4, whereas in adults it rests at interspace C4-5. As an
infant grows, the vocal cords change direction and shape
with increasing length, primarily as a result of growth of
the anterior ligamentous portion. In adults, the narrowest
portion of the respiratory tract is generally the laryngeal
inlet, whereas in infants and young children it is usually the
laryngeal outlet, the inferior ring portion (arch) of the cri-
coid cartilage. With growth the ring enlarges, the cric01fi
plate assumes a more vertical position, and this anatomic
point of narrowing disappears.

The histologic characteristics of the larynx remain con-
stant from infancy to adulthood. Squamous epithelium cov=






