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Key Points

1. Unconventional techniques are not included
in routine teaching or curriculum but can be
lifesaving in certain situations.

2. Retrograde intubation technique is one of
them and has been used both as a rescue and
elective technique.

3. Cricothyroid membrane identification and
puncture, the basic prerequisite for front of
neck access, is also applicable to retrograde
intubation technique.

4. Unlike cricothyroidotomy, in retrograde intu-
bation, the guidewire is passed cephalad fol-
lowing cricothyroid puncture.

5. Use of flexible endoscope and ultrasound
guidance further improves the success and
enhances safety.

6. Blind nasal intubation can also be useful in
limited clinical situations when resources are
limited, or other techniques fail.

7. Continuous monitoring of end tidal carbon
dioxide concentration and curve is helpful
during blind nasal intubation.
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8. Digital intubation technique is rarely per-

formed in modern airway management
practice.
1 Introduction

Retrograde intubation and blind nasal intubation
described in this chapter could prove useful to
anesthesiologists or other clinicians when con-
ventional techniques are not feasible or fail. They
are characterized by relative simplicity, less
dependence on expensive airway devices, mini-
mal patient discomfort, and low incidence of
complications.

2 Retrograde Intubation

Restricted mouth opening severely limits the
options for airway management, both in terms of
devices and techniques [1, 2]. Worse, failure rate
of the chosen technique is also likely to be high.
Direct and video laryngoscopy, lighted stylets, or
optical stylets are not useful and flexible video
endoscopy, though is the best option, may not
always be available. Blind nasal intubation has
the drawback of requiring multiple airways
attempts and high failure rates. Cricothyroidotomy
is reserved for “cannot intubate cannot oxygen-
ate” situations. Upfront tracheostomy being more
invasive is inherent with its complications such
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as stenosis, surgical emphysema, and tracheoma-
lacia. Of all these options, retrograde intubation
is a technically feasible minimally invasive air-
way access even in resource limited setup [3].
Though retrograde intubation has been around
since the 1960s, it has unfortunately not gained
widespread acceptance as a definitive airway
access tool despite its successful transformation
with modifications in its technique, to stay rele-
vant in the present optic-video-fibreless era
[4-T7].

2.1 Historical Perspective

Described first by Butler and Cirillo in 1960, ret-
rograde intubation was used as an alternative to
tracheostomy in facilitating unhindered operat-
ing field exposure during laryngectomy utilizing
a 16F catheter passed as a guide through the tra-
cheostomy site retrieved by oral end which was
sutured to an endotracheal tube [4]. Waters in
1963 described retrograde plastic tubing guided
through cricothyroid membrane accessed by a
Tuohy needle in patients with deformities of jaw
secondary to cancrum oris [5].

Powell (1967) reported retrograde intubation
as a case series in pediatric difficult airway.
Manchester (1972) described emergency pediat-
ric retrograde intubation in children with Pierre-
Robin syndrome. Raza (1978) described
retrograde intubation as an emergency airway
rescue when multiple attempts at direct laryn-
goscopy had failed. Retrograde intubation was
utilized by Pagne (1980) in retropharyngeal
abscess, Barland (1981) in micrognathia, Heslet
(1985) in epiglottitis, Luhrs (1987) in oral myx-
oma and in various difficult airway scenarios
wherein conventional intubation methods had
failed [8, 9].

Despite the initial numerous scientific publi-
cations and its inception as an important alterna-
tive in ASA difficult airway algorithm, RI did not
gain popularity and is often considered outdated,
thanks to the advent of advanced and sophisti-

cated airway tools such as videolaryngoscopes
and flexible endoscopes [2, 10, 11]. Yet, retro-
grade intubation finds its definitive place even in
the modern airway era in resource limited setups
catering to rescue airway challenges in distorted
airway anatomy; blood and secretion filled air-
way and traumatic cervical spine injuries wherein
conventional techniques would be impossible or
fail or preclude despite the wide array of difficult
airway armamentarium in the form of fiberoptic
scope, fibreless endoscopes, and video laryngo-
scopes at disposal [12, 13]. Also being less inva-
sive than the surgical front of neck access
techniques, its relevance has been even more jus-
tified [14, 15].

Although having a first attempt success rate of
67% across case reports and 69% success rates in
cadaver studies, modifications in retrograde tech-
niques have attributed to its success transforma-
tion beyond 89-95% in few studies utilizing
commercial retrograde intubation kits [16-21].
Recently, the combination of the retrograde intu-
bation set used along with ante-grade fiberoptic
bronchoscope as guide from above and the addi-
tion of ultrasound guidance have rejuvenated
interest in the fading art of retrograde intubation
[22-25].

2.2 Definition and Types
Retrograde intubation is minimally invasive,
trans-laryngeal guided airway access to facilitate
anterograde oro-tracheal or naso-tracheal intuba-
tion. It can be performed as an elective technique
or when other methods of securing the airway
have failed or contraindicated in a given clinical
situation. Patients can be awake, sedated or anes-
thetized, and spontaneously breathing. The tech-
nique is employed in both anticipated as well as
unanticipated difficult airway scenario [1-3].
Multiple techniques of RI have been described
and used in different clinical conditions. They
vary from blindly performed classical technique
to various modifications and combined hybrid
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techniques. In hybrid techniques, RI is combined
with other airway techniques such as flexible
endoscopy, video laryngoscopy, and ultrasound.

2.3 Principle

Percutaneous needle puncture of the cricothyroid
or cricotracheal membrane is followed by the
placement of a retrograde guide (e.g., guidewire)
into the nasal or oral cavity traversing the phar-
ynx [2]. Rail roading of endotracheal tube is then
carried out either alone or by utilizing an antero-
grade guide (e.g., airway exchange catheter or
antegrade guide catheter available in commercial
set) superimposed upon the already secure retro-
grade guide and directing the endotracheal tube
into the larynx either blind or with guidance.

24 Advantages of Retrograde
Intubation Over Other
Intubation Techniques

(Table 22.1)

There exist a few clinical scenarios in which ret-
rograde intubation has distinct advantage over
the other available intubation techniques espe-
cially when the airway is soiled with blood and
secretions; in an already complex distorted air-
way anatomy; limited mouth opening and cervi-
cal spine instability [25, 26].

Table 22.1 Advantages of retrograde intubation

1. Laryngeal inlet and glottic structures need not be
identified or negotiated

2. Useful in the presence of blood in the airway, or
bleeding into the airway when other techniques
may not succeed

3. Less invasive when compared with surgical
cricothyroidotomy and tracheostomy in an
emergency front of neck access airway scenario

4. Viable alternative awake airway technique in
management of anatomically distorted airway

5. Relatively lower risk of subglottic edema and
stenosis

6. Utility in resource limited airway setting

7. Relatively faster airway access time with short
duration to acquire and sustain skill set

Indications
and Contraindications

25

Indications include clinical conditions wherein
other airway techniques are not suitable or suc-
cessful. They include (a) limited mouth open-
ing: Oral submucous fibrosis, temporo-
mandibular joint ankylosis, maxillo-facial
trauma, mandibular trauma, infections in head
and neck region [16, 27, 28], (b) upper airway
bleed as in potentially hemorrhagic laryngeal
and peri-glottic tumors, vascular neck mass,
localized trauma, and distorted anatomy in the
neck [15, 17, 25, 29], (¢) Limited neck move-
ment: Critical cervical spine injuries, ankylos-
ing spondylitis [16, 17, 25], (d) congenital
anomalies: Micrognathia, microstomia [2], (e)
acquired conditions: Morbid obesity, short
neck, obstructive sleep apnea, burns, large air-
way mass, subglottic stenosis [2], and (f) failed
intubation in trauma: Inability to secure airway
with conventional direct laryngoscopy, video-
laryngoscopy, and fiberoptic devices [13].

Contraindications include (a) unfavorable
anatomy in the region of cricothyroid and front of
neck: Non-palpable neck landmarks, non-
identified cricothyroid membrane, anterior neck
mass, large thyroid mass, pre-tracheal mass, and
upper airway tumors [3], (b) tumors in the path of
access to larynx: Airway polyps, large laryngeal
tumors, fragmented airway tumors, and presence
of associated laryngo-tracheal stenosis due to
tumor spread [3, 29], (c) severe flexion deformity
of neck [3, 29, 30], (d) coagulopathy, local soft
tissue infection, retropharyngeal abscess [3, 30],
and (e) inability to open mouth for guidewire
retrieval [9].

2.6 Equipment and Preparation
Minimum sedation to ensure a cooperative and
calm patient can be used, in the absence of con-
traindications, using low dose ketamine (0.5 mg/
kg) and/or dexmedetomidine bolus (1 pg/kg) fol-
lowed by an infusion of 0.5 pg/kg/h. The required
equipment and preparation for retrograde intuba-
tion are listed in Table 22.2
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Table 22.2 Equipment and preparation for retrograde

bubbles into the saline filled syringe, attached
intubation

to the cannula or catheter used for puncture.

—

Patient

. Explanation of the procedure,
including airway anesthesia and
informed consent

2. Antisialogogues and sedation and
nasal decongestant

3. Sniffing position with neck extension

4. Oxygen supplementation: high flow
to be avoided in bleeding airway to
prevent blood from being pushed
further down the airway

Equipment | Endotracheal tube, flexitip metal

guidewire (70 cm), IV cannula or
epidural needle or custom-made catheter
with sheath for cricothyroid puncture,
saline filled 5 cc syringe, Hemostat
forceps or needle holder, Nasogastric
tube, and Magill’s forceps (if
nasotracheal tube is intended)

Airway exchange catheter and flexible
endoscope if available

2.7 Classic Technique

and Modifications (Fig. 22.1)

Step 1: Identification of Cricothyroid to cricotra-

cheal membrane and puncture

Puncture is performed using intravenous cannula

(16G), or Tuohy needle (16G), with the bevel
facing cephalad at 45° angulation, after infil-
tration of puncture site with 2% lignocaine.
Inferior margin of cricothyroid membrane or
superior margin of cricotracheal membrane
juxtaposed to the cricoid cartilage is the site of
entry.

The advantage of cricothyroid puncture is the

easy identification of the cricothyroid mem-
brane landmark by palpation (laryngeal
handshake). One of the reasons for inability to
identify cricothyroid membrane is improper
position. A sniffing position with extension of
the neck will help in identifying the mem-
brane. In obese patients with unidentified
landmark, distorted neck anatomy, and ante-
rior neck mass ultrasound guidance would be
advantageous for identification of the
membrane.

Confirmation of needle entry into the trachea can

be reassured by continuous aspiration of air

Blind needle puncture should be gentle and
controlled to avoid injury to posterior tracheal
wall, esophagus, and larynx. Use of ultra-
sound helps to distinguish between the struc-
tures and guide the entry of needle into the
trachea, especially in patients in whom identi-
fication of puncture site is difficult.

Step 2: Insertion of the retrograde guidewire
Once the position of the needle is confirmed in

the trachea, a guidewire is inserted in the
cephalad direction. While inserting the guide-
wire, patients are often instructed to take deep
breaths to achieve abduction of the vocal
cords, for smooth passage of the guidewire
through larynx. A soft tipped or a J tipped
guidewire can be used to reduce the injury to
the vocal cords. Various types of guidewires
used are vinyl plastic tubing, epidural cathe-
ters, vascular catheter guides, angiography
catheters, J tipped PTEF coated guidewires,
ureteric stents and flexible guidewire provided
with nasojejunal feeding tube, guidewire from
the Minitrach set, and designated J tipped
guidewire from Cook retrograde intubation
commercial set.

A very rigid or a sharp tip guidewire can lead to

injury to vocal cords and pharyngeal mucosa.
There may be difficulty in retrieving the
guidewire through the oral cavity if it is too
soft. Double guidewires have been utilized by
some authors to improve the success rate by
feeding the wire into the endotracheal tube
lumen as well as the side port (Murphy’s eye)
simultaneously either by an inside-out or out-
side-in technique.

Step 3: Retrieval of the retrograde guidewire
The guidewire inserted is retrieved either nasal or

orally. Oral retrieval may be facilitated by fin-
ger, forceps, Magill forceps which need at
least minimal mouth opening for manipula-
tion (and hence fail in complete trismus). If
nasotracheal intubation is required, the guide-
wire retrieved from the oral cavity needs to be
re-directed nasally. A suitable gastric tube is
inserted into the patient’s nose and lifted from
their pharynx either digitally or by Magill’s
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) )
L Cathater position
y r confirmed by aspiration of

¥
air in water filled syringe

Guidewire is secured

using needle holder Guidewire through

cricothyroid
membrane

Fig. 22.1 Steps of Retrograde intubation. (/) Patient
position—neck extended with bolsters placed under
shoulder. (2) Puncture of Cricothyroid membrane using
16G intravenous cannula. (3) Confirmation of the crico-
thyroid membrane by aspiration of air through waterfilled
syringe. (4) Insertion of the guidewire in cephalad direc-
tion (note different types of guidewire in subpictures). (5)
Guidewire is extracted from the nose. Note the end of

forceps, so the tip now exits from the mouth.
The guidewire is threaded into the tip of the
gastric tube, re-directing the guidewire from

(& Guidewire passed
r == through 16G cannuls

Guidewire passed
through Murphy’s
aye

' Neadle holder
hobding the guidewire

guidewires. The guidewire in the neck is secured using
needle holder (subpicture). (6) Guidewire is passed
through Murphy’s eye of endotracheal tube (ETT). (7)
The guidewire is taken ouT of circuit end of ETT. Note the
straight ETCO, connector. (8) The ETT is advanced over
taut guidewires. The appearance of ETCO, confirms the
correct positioning of the ETT

mouth to nose, at which time the gastric tube
can be removed from the patient. In situations
where the length of the guidewire is less, the
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guidewire can be tied to the suction catheter
taken out from oral cavity and then pulled
through the nose.

Flexible J tipped guidewires have a higher nasal
retrieval by design to traverse along the poste-
rior pharyngeal wall. Rarely the guidewire
may coil in the pharynx needing assistance for
retrieval either by pharyngeal loop or by suc-
tion retrieval. The entry point of guidewire is
grasped firmly at the entry site using a
hemostat or arterial clamp or needle holder.
This will not only help in avoiding displace-
ment of the guide wire from the entry site, also
will help in to make guide wire taut during
advancement of the endotracheal tube.

Step 4: Introducing the endotracheal tube

The retrieved guidewire from mouth or nose is
threaded retrograde into the endotracheal
tube, through the Murphy’s eye (providing
additional safety while passing the ETT due to
the extra length of the tube beyond the glottis).
It also avoids the entrapment of the guidewire
during removal. Next, the ETT is advanced in
antegrade direction gradually while holding
the guidewire taught at its proximal end to
prevent kinking and to reduce the chances of
tube passing into the esophagus TT. During
railroading, the endotracheal tube can hitch on
to the anterior commissure, epiglottis or val-
lecula. Corrective maneuvers include 90° anti-
clockwise rotation of the tube and loosening
of the guidewire so that the bevel of the tube
slides over the arytenoids. If still not possible,
the ETT can be inserted under the guidance of
Fiberoptic bronchoscope.

Success is indicated by capnography, movement
of air across the tube with patients breathing
confirming the final position. The successful
placement of the endotracheal tube can be
confirmed by gush of air while patient breaths,
ETCO, waveform, and tenting of the ETT at
the needle entry site.

Antegrade guide advancement: If the passing of
tube over the guidewire is difficult due to the
wide gap between the internal diameter and
guidewire, an additional anterograde guide
can be passed over the guidewire over which

the tube can be railroaded. Various antero-
grade guides have been utilized and include
AEC, flexible endoscope or the custom made
anterograde supplied with commercial kits.

Step 4: Retrieval of the guidewire

Once the position of the tube is confirmed, the
clamp applied to the guidewire at the cricothy-
roid membrane is released and the guidewire
can be retrieved either orally or nasally.

2.8 Modified Technique Using
Commercial Retrograde

Intubation Set

Retrograde intubation performed using com-
mercially available kits are user-friendly avoid-
ing assembly of individual components. This
saves time during emergency. The Retrograde
intubation set is intended to assist in intubation
during difficult or emergency airway access pro-
cedures in adult and pediatric patients. Cook ™
retrograde intubation set is a commercially
available pre-assembled equipment kit to
enhance performance with the following readily
available components to save time in an
emergency:

1. 18G introducer needle with needle catheter
sheath made of PTFE
(polytetrafluorethylene).

2. Flexible J tip guidewire 70 cm long 0.97 mm
diameter with graded markings and 11F/14F
catheter stylet indexed to guidewire. Total
wire guide length is 110 cm. (11F accommo-
date 4 mm ID and 14F accommodate 5 mm ID
endotracheal tubes, respectively.)

3. Tapered tip radio opaque antegrade hollow
guide catheter with side ports.

4. Hemostat to stabilize guidewire catheter.

5. Rapi-Fit adapters (15 mm and luer lock con-
nectors) to attach with external oxygen source.

The pediatric retrograde intubation set has 50 cm
long 0.97 mm diameter guidewire with 6F cath-
eter stylet accommodating 2.5 mm ID endotra-
cheal tube.
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Steps in Using Cook Retrograde Intubation

Set

1. Cricothyroid puncture by 18G introducer nee-
dle followed by advancement of introducer
needle sheath and removal of needle.

2. Confirmation of correct entry by aspiration of
continuous air bubbles into the saline filled
syringe.

3. Disconnecting the syringe, flexible J tip
guidewire is advanced cephalad at 45° angle.

4. The black proximal positioning mark on the
guidewire should be visible at the skin access
site, to be held by hemostat, ensuring enough
length of the guidewire has entered the
pharynx.

5. The guidewire is retrieved either by nose or
mouth with finger or forceps.

6. The tapered radio opaque guiding catheter is
advanced anterograde over the wire, by way
of the mouth or nose into the trachea.
Advancement of antegrade guide results in
tenting at the cricothyroid access site which
would be the endpoint of advancement.

7. The endotracheal tube is then railroaded over
the wire and guiding catheter into position
below the level of the vocal cords.

8. The hemostat unclamped along with the
guidewire and antegrade guiding catheter
removed from above after securing the endo-
tracheal tube which is advanced to final
position.

9. Endotracheal tube cuff inflated and confirma-
tion of tube placement by capnography and
auscultation (Ultrasound guidance would be
described as a modification) [3, 31].

2.9 Ultrasound Guided Technique

The use of ultrasound for RI has enhanced the
safety and success of the technique by providing
a real-time guidance in the identification of the
structures, point of entry for needle puncture,
identification of vessels near the puncture site,
and improving the accuracy of airway blocks.
Use of ultrasound converts the RI from blind to a

guided one [32]. Ultrasound is recommended in
time critical cannulation needed for airway man-
agement of potentially hemorrhagic laryngeal
tumors and distorted airway with unidentifiable
neck anatomy [22, 25, 33, 34].

2.10 Fiberoptic Bronchoscope

Aided Retrograde Intubation

Two different methods for fiberoptic guided ret-
rograde intubation have been described. In the
first technique, the retrograde guidewire is
retrieved through the suction port of working
channel of flexible endoscope preloaded with
endotracheal tube. Alternately, the flexible endo-
scope can be passed down parallel alongside the
retrograde guidewire under vision until rail-
roaded intubation has been achieved [35-38].

Retrograde and fiberoptic intubation tech-
niques are recommended for patients with diffi-
cult airway in patients with laryngeal cancer as
sole independent techniques. Retrograde passage
of a guidewire through the cricothyroid mem-
brane to guide an antegrade fiberoptic broncho-
scope would result in advantageous synergism.
Intubation becomes easy over a road map pro-
vided by the retrograde guidewire and fiberscope
would provide direct visual control of intubation.
The fiberoptic bronchoscope also doubles up as a
lighted stylet from transillumination on front of
neck guiding endotracheal tube advancement.
Blind passage of fiberoptic bronchoscope with-
out a retrograde roadmap could lead to trauma,
laryngospasm, bleeding, and further worsening
of an already compromised airway. The com-
bined method, which can be considered as a
hybrid technique, has been extremely successful
in patients with obstructive laryngeal tumors [24,
39-44]. Failed fiberoptic intubation despite mul-
tiple attempts in an airway bleed scenario with
anatomical distortion has been secured by retro-
grade intubation used in combination with ultra-
sound guidance and passing an antegrade guide
in the form of Cook airway exchange catheter for
added stability [32].
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2.11 Videolaryngoscope Assisted

Retrograde Intubation

Most indications for retrograde intubation arise
from alimited mouth opening. Videolaryngoscope
assisted retrograde intubation has been described
sparsely in literature probably owing to the wider
mouth opening required to position the blade,
where in a retrograde guidewire technique may
not be considered. However, in complex airway
scenarios of concomitant supraglottic and sub-
glottic narrowing, innovative and out of the box
thinking is required where in hybrid techniques
combining different airway intubation assist
devices and techniques would be beneficial. RI,
with other difficult airway techniques may be
potentially lifesaving for patients in whom surgi-
cal cricothyroidotomy would be primarily unde-
sirable or difficult to perform in the presence of
granulomatous vascular neck mass. Successful
combination of retrograde intubation with vide-
olaryngoscope (e.g., Glidescope) after a failed
fiberoptic intubation attempt has been described.
Awake upright fiberoptic intubation and subse-
quent percutaneous cricothyrotomy were both
unsuccessful secondary to obstructive neck mass
and retrograde intubation had to be performed
with video laryngoscope assistance to deploy a
smaller diameter endotracheal tube. The advan-
tage of using video laryngoscope to assist retro-
grade intubation would be to directly visualize
the endotracheal tube entering the laryngeal inlet
as well as manipulation of the anterior oropha-
ryngeal structures impeding it otherwise [15].

2.12 Retrograde Intubation

with Light Guidance

Light guided trans-illumination from anterior
neck has been utilized to guide endotracheal tube
into the glottis during retrograde intubation from
a light wand or trach light in patients with cervi-
cal spine instability. After the retrograde guide-
wire retrieval by nose or mouth, the light wand
mounted on an endotracheal tube has been
advanced utilizing the wand as an antegrade
guide. The bright glow on the anterior neck has

been used as a guide for further advancement of
the lighted stylet mounted endotracheal tube
under vision improving the success of the tech-
nique [9].

2.13 Supraglottic Airway Device
Assisted Retrograde

Intubation

The initial description reported a modification of
retrograde intubation wherein the retrograde
guidewire was retrieved through an already posi-
tioned laryngeal mask airway. Subsequently, an
anterograde guide catheter was advanced over an
orally retrieved retrograde guidewire and endo-
tracheal tube railroaded after removal of laryn-
geal mask retaining the guides [45]. Failed airway
management after rapid sequence induction in
emergency room led to a combination of intubat-
ing laryngeal mask airway (ILMA) used as a ven-
tilating device and retrograde guidewire assisted
intubation for procuring definitive airway. Failure
of blind passage of endotracheal tube due to
repeated resistance led to the retrograde guide-
wire assistance [46].

Laryngeal mask airway inserted as a rescue
airway device after initial failure of conventional
intubation with direct laryngoscope has been
retained to accommodate a retrograde guide from
cook retrograde intubation set and an antegrade
fiberoptic bronchoscope advanced to guide intu-
bation in order to obtain a definitive airway for
the surgical procedure and replacing the laryn-
geal mask airway over an exchange stylet [31].
Retrograde intubation has been reported utilizing
laryngeal mask airway in syndromic pediatric
airway. This method could enable maintaining
ventilation until the laryngeal mask gets replaced
with an endotracheal tube [47].

2.14 Complications of RI

Generally considered safe in experienced hands,
several major and minor complications have been
reported in the literature [2, 3, 8, 13, 16, 17, 19,
28, 48-57]. Cough, sore throat, nose pain, and
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pain near the needle puncture site are among the
reported minor complications. In addition, soft
tissue infection, laryngospasm, and broncho-
spasm have been reported. Lastly, major compli-
cations include injury to larynx, posterior tracheal
wall, esophagus, hemorrhage during the proce-
dure (from tumor, aberrant vessels, or epistaxis),
subcutaneous emphysema, pneumomediastinum,
ethmoidal perforation with CSF leak due to
guidewire coiling, caudal migration of guidewire,
and hypoxemia. Failure to stablish a definitive
airway and increased procedural time are tech-
nique related drawbacks.

Steps to minimize the complications include
the a) use of inferior margin of cricothyroid or
superior margin of cricotracheal membrane, use
of antegrade guide sheath or AEC over guide-
wire, and use of hybrid techniques and retrieving
the guidewire proximally instead of from the
insertion site.

Pit Falls and Best Practices
(Lessons from Past to Present)

2.15

Failed retrograde intubation with the use of tradi-
tional blind technique, attributed to the narrow
confluence of the vestibular folds, laryngeal
sinus, and vocal cords, has paved way to modifi-
cations of the technique, resulting in improved
safety and success (Fig. 22.2). Earlier descrip-
tions of retrograde intubation suggest that the
equipment readily available (Tuohy needle, epi-
dural catheter, indigenous guide wire) were often
used. Lack of rigidity of the thin guidewire and
non-versatility prevented maneuvering. Epidural
needles and vascular needles had higher rates of
posterior tracheal wall puncture which paved
way for sheathed introducer needles [58—60].

As part of efforts to modify the classical tech-
nique, several guides were tried which included
epidural catheters and central venous catheter
guidewires among others described previously.
An epidural catheter passed through a 16-G
Touhy needle with the antegrade addition of a
plastic sheath, over the catheter was described

first by Waters and has been widely in use his-
torically ever since [2, 5, 21, 60-64]. Similarly,
epidural catheter also did not get much popular
due to high failure rates. A significant step for-
ward came with the introduction of commercial
purpose made kit, increasing the success as well
as safety. The J-tipped guidewire used is 70 cm
long, kink-resistant and can be kept either lax or
torque to facilitate easy navigation in the nar-
rowest available path with least resistance [44,
65, 66]. Recent introduction of the guided tech-
niques like FOB and USG assistance have not
only improved the success rate, but also the
safety of the procedure [2, 3, 19, 28, 29,
67-72].

2.16 Troubleshooting During
Retrograde Intubation

Most of the issues related to the techniques have
been addressed in detail previously. Following
are the few additional concerns in occasional
patients.

2.16.1 The Guidewire Is not Going
in and not Emerging Inside Oral
Cavity?

Guidewire should be directed cephalad at an
angulation of 45° to the skin puncture. It may
either enter distally into the trachea or become
coiled in the pharynx. Hence, it is advisable to
take deep breaths to make abduction of the vocal
cords, thus facilitation retrograde movement of
guidewire. Coiled pharyngeal guidewire may
need assistance for retrieval either by pharyngeal
loop or by suction retrieval. Further modifica-
tions may be needed like use of videolaryngo-
scope or supraglottic airway device to retrieve.
The J tipped guidewires generally exit directly
via the nose. Hence, they can be preferred over
other guidewires like epidural catheters. Some
mouth opening is essential to use these
approaches. If absolutely no mouth opening is
present, a pharyngeal catheter or fiberoptic bron-
choscope may be used.



364

S. Ramkiran and P. U. Bidkar

Epidural catheter set
(Tuohy neede, catheter)

Sheathed needles, Stiffer
guidewires like J tipped
(commercially available)

Introduction of the
guidewire through
Murphy’s eye

Commercially available
kits
(Cook’s)

Guided intubations

1. Antegrade guide (AEC)
2.FOB/USG/SGA

Fig. 22.2 The success story of Retrograde intubation

2.16.2 Which Guidewire Should
Be Used for Retrieving by
Bronchoscope?
The retrograde guidewire utilized for fiberoptic
bronchoscope feed should be sufficiently long,
stiff (approximately 100 cm), and easily negoti-
ate the narrow working channel. Otherwise, the
guidewire could end up damaging the fiberscope.
Antegrade guide catheters such as cardiac cathe-
ter, intervention vascular J tip guidewires, cook
retrograde intubation set J tip guidewire.

1. Fragile guidewire
2. Risk of posterior tracheal wall
puncture

1. Stiffer guide wire — easy railroading
2. Reduced risk of posterior wall
puncture

1. Improved margin of safety
2. Avoids entrapment of guidewire
while removal

1. Al in one set
2. Improves safety margin and success

The gadgets help in improved success

Alternatively, an Aintree catheter can be passed
over the guidewire, which can accommodate a
pediatric  fiberoptic ~ bronchoscope. Central
venous catheter guidewires are not found suitable
as they are not sufficiently long.

2.16.3 Endotracheal Tube Is Passed,
but Capnography Trace Is not
Obtained?
Failed intubation commonly occurs as inability
to pass the endotracheal tube over the guide wire
into the trachea or accidental extubation during
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removal of the guidewire. Endotracheal tube
springing into the esophagus after guidewire
removal is also common. This can be avoided by
threading the guidewire through Murphy’s eye of
ETT. Retained guidewire due to slippage of wire
further distally into trachea also have been
reported for failure.

3 Blind Nasal Intubation

Nasal intubation technique was described first by
Kuhn in 1902 [73]. The concept of blind nasal
intubation (BNI) was coined by Rowbothom and
Magill [74]. The technique became popular dur-
ing World War I but faded with the advances in
airway management subsequently [75-78]. It has
now become limited to medical trainee teaching
on intubating mannequins [79]. BNI still remains
an useful airway adjunct in resource limited set-
tings, especially among skilled practitioners [80].

Performance of an awake blind nasal intuba-
tion has been considered “a dying art” and the
impetus shall be on the airway practitioners to
preserve it further for the future [81]. Unfortunately
blind nasal intubation has been an antiquated
technique even in a less resourceful setup and has
not been recommended for the re-introduction in
the modern era of advanced airway management
[82, 83]. BNI although been disregarded, has res-
urrected its way in airway skill training on intuba-
tion mannequins [79, 84]. BNI can still be a
lifesaving technique when other airway options
have become exhausted [79].

3.1 Technique of BNI

BNI is performed in a spontaneously breathing
patient [85]. Pre-operative preparation of the
patient dedicatedly improves the success of
BNI. Anti-sialagogue, nasopharyngeal deconges-
tion, topicalization (combination of 4% ligno-
caine, phenylephrine, 10% lignocaine spray,
local anesthetic soaked nasal pledgets), and local
anesthetic nebulization would result in blunting
the airway reflexes [75]. Performance of trans-

laryngeal block along with superior laryngeal
nerve block either landmark based or utilizing
ultrasound, along with sedation would add fur-
ther to the procedural comfort. Care must be
taken not to exceed the total dose of topical and
nebulized lignocaine beyond 9 mg/kg.

Well lubricated thin-walled endotracheal tube
preferably ivory soft seal cuff made of phthalate
(DEHP) directed inferior and posterior to the tur-
binate, negotiated gently and progressed along
the floor of the nose would minimize trauma.
Once the tube is in the oral cavity, as indicated by
loss of resistance, it is gently pushed forward and
tip is positioned close to the laryngeal inlet, as
indicated by the feeling air movement across the
tube. At this point patient should be asked to take
a deep breath and at maximum inspiration, when
the glottic opening is maximum, tube can be
passed into the trachea.

Various methods have been proposed for
improving success during BNI. They include (a)
close observation, front of neck palpation and
utilizing cuff inflation technique for guiding easy
navigation of endotracheal tube [75, 86-88], (b)
listening to breath sounds originating from the
endotracheal tube (poses an infective risk espe-
cially in the post-covid era) [75, 89, 90], (c) Mist
formation and moisture condensation in the wall
of the endotracheal tube during exhalation (not
specific to localizing the tube position) [75, 89,
90], (d) attaching a reservoir breathing bag from
modified Mapleson breathing circuit. (A tech-
nique of blind nasal intubation for anesthesia
using the Samson modification of the Mapleson
“A” circuit has been described by Veliotes.
Adequate depth of anesthesia would be main-
tained by continuous fresh gas flow insufflation
associated with concomitant anesthetic gas scav-
enging. The movement of the reservoir bag would
assist as an intubation guide), (e) adapting a Beck
Airway Airflow Monitor (BAAM), whistle or
microphone magnifying the breath sounds [89—
93], (f) stethoscope attached with an indigenous
connector (Binaural or Monaural) [80, 85], (g)
mainstream capnography and audio capnometry
[82, 85, 89], (h) light guidance using the trans-
illumination technique [94-96], (i) SCOTI
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device-Sonomatic Confirmation of Tracheal
Intubation (70.8% sensitivity due to its limitation
being a static assessment) [97-99], and (j)
dynamic ultrasound localization. [The visualized
glottic structures on real time ultrasound simulate
turbulence when the endotracheal tube traverses
across the vocal cords]. The linear probe placed
over the anterior neck detects an air shadow rip-
ple on translaryngeal window [82, 100]. Blind
nasal intubation may often result in esophageal
placement of the tube because of reflex swallow-
ing by the patient. Tongue extrusion would result
in shifting the supra-laryngeal structures anteri-
orly, thereby facilitating successful placement of
the nasotracheal tube.

3.1.1 Techniques to Minimize Trauma
During Blind Nasal Intubation
During nasotracheal intubation, the nasal pathway
between the inferior turbinate and the hard palate
is chosen to prevent trauma during nasotracheal
tube insertion. This has been termed as the “lower
pathway.” However, selecting the lower pathway
could become challenging especially when BNI is
being performed blindly. A cephalad oriented
bevel of the endotracheal tube aids in the prefer-
ential negotiation into the lower pathway, thereby
reducing trauma and epistaxis. The various tech-
niques to reduce trauma during BNI include naso-
gastric tube guide insertion prior to performance
of BNI for better navigation and less manipula-
tion [102, 103], red rubber catheter guide over
which endotracheal tube would be trailing [101],
nasopharyngeal airway serial dilatation [101],
nasopharyngeal airway path finder [104], nasal
decongestants, softening of endotracheal tube
with warm water/saline at 40 °C [75, 101, 102],
use of dexmedetomidine to enable patient to toler-
ate the endotracheal tube better [105], and maneu-
vering the endotracheal tube through the lower
pathway in the nasal cavity along the nasal floor
underneath the inferior turbinate which would
minimize trauma (when compared as against
passing it through upper pathway between the
middle and inferior turbinate) [75]. Furthermore,
polyurethane uncuffed tubes, ivory soft seal cuff,

and tubes made of phthalate material also mini-
mize nasal bleeding [102].

3.2 Indications

and Contraindications

BNI was traditionally being used, in the absence
of appropriate alternate devices, in trauma vic-
tims with suspected cervical spine injury, wherein
basilar skull fracture has been ruled out, present-
ing for airway control in the emergency room.
The common indications are trismus, temporo-
mandibular joint ankylosis, difficult laryngos-
copy and intubation, impending airway
obstruction, presence of contraindications for
front of neck procedures, and postirradiation of
head and neck region. In fact, any clinical condi-
tion wherein other techniques are contraindicated
or failed, or facilities are lacking, BNI can be
considered.

Contraindications include acute epiglottitis,
basal skull fracture, CSF rhinorrhea, bleeding
diathesis, nasal polyps, previous nasal surgery,
paranasal abscess, hypertrophic adenoids, apneic
patients with impending respiratory arrest supra-
glottic and laryngeal growth.

3.3 Complications

BNI has a high success rate of 90-92%, even
when the operator is relatively inexperienced and
is associated with fewer complications (less than
10%) [106, 107]. Reported complications include
epistaxis (most common), trauma, bacteremia
secondary to mucosal erosion, avulsion of turbi-
nate and septal tear, retropharyngeal dissection
leading to perforation, injury to adenoids causing
bleeding, fracture of middle turbinate, massive
bleeding, olfactory dysfunction, laryngeal
trauma, and paranasal sinusitis.

Utility of transnasal humidified rapid insuffla-
tion ventilatory exchange (THRIVE) would pre-
vent hypoxemia, if administering sedation
becomes inevitable during BNI performance.
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4 Digital Tracheal Intubation

The utility of digital tracheal intubation (DTI)
assumes utmost importance in an austere environ-
ment with limited equipment, when other conven-
tional methods of intubation become impractical,
impossible or have failed [108, 109]. The success
percentage varies with the skill set reaching up to
89% although often requiring multiple attempts
[109]. Just beyond being limited as a historical
curiosity, DTI further adds up as an important
valuable intubation teaching tool in emergency
medicine [109]. With limited equipment and mini-
mal training, an acceptable degree of success
could be achieved to secure airway in an uncon-
scious patient. DTI is especially a useful technique
among paramedics working in out of hospital sce-
nario with no readily available resources, military
medical personnel performing field intubations,
clinicians with wilderness skills, disaster manage-
ment, and emergency medical services [109, 110].

4.1 Historical Perspective

DTI was described initially by Vesalius and later
by James Curry in 1792 but was first demon-
strated by William MacEwan in 1880 along with
chloroform anesthesia performed through a metal
tube inserted by blind tactile method [109, 111].
With the discovery of laryngoscope by Chevalier
Jackson in 1907, digital intubation became
largely out of favor. With further improvements
in laryngoscope by Magill in 1920, it almost
became an obsolete technique [109].

4.2 Technique

During digital intubation, the epiglottis is pal-
pated digitally, and the endotracheal tube
advanced blindly which is guided anteriorly by
the fingers providing a navigating landmark
[108]. Bougie, internal stylets facilitate intuba-
tion and add to the success when performed on
airway mannequins.

The index and long fingers of non-dominant
hand hold the soft tissues of oral cavity in align-
ment with the endotracheal tube, which is then
passed over the base of the tongue and directed
into the trachea. The fingers are extended beyond
the base of the tongue, sweeping across to reach
the epiglottis. The epiglottis is then lifted by the
fingers like a Miller laryngoscope blade and
guiding the endotracheal tube between the fin-
gers into the trachea. The endotracheal tube is
advanced by the dominant hand, ensuring the dis-
tal tip of endotracheal tube brushes across the
volar surface of the fingers used for guiding [109,
112-114].

4.3 Indications

and Contraindications

Indications are out of hospital emergency sce-
narios (Entrapment in collided vehicle preventing
traditional airway management) [109], airway
trauma with copious blood and vomitus prevent-
ing a laryngoscope/fiberscope view [109], inabil-
ity to visualize vocal cords with conventional
laryngoscope in maxillofacial polytrauma vic-
tims needing emergency airway control prior to
an attempted surgical airway [109]. Fixed flexion
deformity in ankylosing spondylitis with failure
to position the patient supine needing assistance
(awake video laryngoscope guidance facing the
patient along with DTT has been described) [115],
and limited extension at atlanto occipital joint
(DTI with Bougie guided intubation described)
[116]. Neonatal DTI in labor room also has been
reported [117].

DTI is contraindicated in patients with intact
oro-pharyngeal and gag reflexes [110].

4.4 Complications

The success rate of DTI depends on the familiar-
ity of the procedure and the skill set of the clini-
cian. Complications include soft tissue injury and
creation of false passage due to avulsion injury.
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