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Abstract

Hypoxemia during one-lung ventilation (OLV) occurs frequently.
It is a challenge all thoracic anesthesiologists will have to face and
deal with. A thorough understanding of the physiology of oxygen
delivery and tissue utilization is paramount in optimizing these
patients during OLV. Oxygen delivery is recently discovered to be
not correlated directly with peripheral oxygen saturation during
OLV. Though the traditional means such as increasing FiO2,
applying PEEP, adjusting I:E ratio, recruiting more alveoli to
participate in oxygenation, and minimizing shunt are still important,
the importance of hemoglobin concentration and cardiac output is
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more emphasized in minimizing hypoxia at tissue level. We as the anesthesiologists will need to
individualize the appropriate level of hemoglobin, assess the need for augmentation of cardiac
output based on individual patients, and balance the relationship of oxygen supply and demand
in order to optimize the clinical outcomes.

Keywords
Hypoxia, Hypoxemia, Oxygen delivery, One-lung ventilation, Thoracic anesthesia
Background

One-lung ventilation (OLV), facilitated by either a double-lumen tube (DLT), bronchial
blocker, or other techniques, is utilized to exclude ventilation to the operative thorax in various
cardiothoracic surgical procedures 23, OLV leads to an obligatory shunt as circulatory
perfusion to the operative, non ventilated lung is mostly maintained > 3. Although hypoxic
pulmonary vasoconstriction (HPV) redirects a portion of this shunt to the ventilated side 2* and
modern anesthetic agents impair HPV to a lesser degree 24, about 4-10% of patients will still
experience a transcutaneous oxygen saturation of less than 90% 2. This level of oxygen
desaturation usually triggers anesthesia providers’ intervention due to concerns that organ system
and cellular functions may be compromised or injured by the reduction in oxygen delivery 2.
The traditional interventions usually include an increase in inspired fraction of oxygen (FiO2), a
recruitment maneuver, an increase in positive end expiratory pressure (PEEP) to the ventilated
lung, adjustment of inhalation: exhalation (I:E) ratio, and suctioning of the endotracheal tube 2. If
all these maneuvers fail to improve the peripheral oxygen saturation to an acceptable level
(which is dependent upon the individual patient’s medical condition and the providers’
assessment of the situation), a low-level continuous positive airway pressure (CPAP) may be
considered to be applied to the operative lung, after discussion with the surgery team *-2,
Resumption of intermittent two-lung ventilation sometimes becomes the last resort to maintain
acceptable oxygen saturation level 24, In recent decades, differential lung ventilation (DLV) is
being utilized by some clinical anesthesia providers 5. Keep in mind that among these corrective
steps, each potentially has negative consequences/complications that may be overlooked. The
anesthesia providers may develop a higher level of anxiety and discomfort towards a low
peripheral oxygen saturation. Furthermore, oxygen delivery is not only dependent upon
saturation but rather considered in context of hemoglobin level and more importantly cardiac
output (CO) 2°. Therefore, hypoxemia reflected by peripheral oxygen saturation readings will
result in degrees of tissue level hypoxia that are highly patient-dependent. This review will
briefly discuss: the factors determining tissue hypoxemia during OLV; the critical level of
oxygen delivery; differential lung ventilation; and the optimal range of pulse oximetry.

Determinants of hypoxemia during OLV

Hypoxemia is traditionally defined as oxygen saturation lower than 90%, while Hypoxia is
defined as inadequate oxygen level at the targeted tissues and organs. Hypoxia can be medically
classified into four types: hypoxic hypoxia, anemic hypoxia, stagnant hypoxia, and histotoxic
hypoxia 8. Hypoxia is painless and signs and symptoms can be individually various. Hypoxemia
during OLV is mainly attributable to the shunting process, which usually improves with time as
long as HPV is mechanistically intact.
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Oxygen delivery (DO2) is calculated as following: DO2= CO*[Hb*Sa02*1.34 +
(0.003*Pa02)].

Based on this formula, we can obviously tell that oxygen delivery is largely determined by
hemoglobin concentration, CO, and hemoglobin saturation (SaO2) *2. Any decline of these
factors will decrease oxygen delivery (DO2) and will potentially cause end organ dysfunctions.
This formula also suggests that decreased CO will decrease DO2, and that reduced hemoglobin
level and/or hemoglobin saturation can be compensated by increased CO. Further extrapolating
this will unveil that an oxygen saturation of less than 90% can be offset by normal or higher than
normal CO. So theoretically we may need to focus on more than simple SpO2 when considering
D02, we may need to target an oxygen saturation in the clinical context of hemoglobin and
cardiac output so global oxygen delivery will meet or exceed the physiological demand. Local
and regional microvascular tone, tissue edema, and dissolved oxygen content (to a much lesser
degree) can also significantly influence the rate that transported oxygen will be able to reach the
mitochondria of target organs 2. During OLV, the factors in the formula affected include
hemoglobin saturation and dissolved oxygen content. Basically, optimizing ventilation,
improving oxygenation at the ventilated lung, and minimizing the shunt will be critical to
maintain oxygen delivery during OLV.

The critical level of oxygen delivery

The paucity of large-scale clinical investigations in the perioperative and thoracic surgery
setting makes this question very difficult to answer. There is lack of studies assessing the
minimum tolerable level of hypoxemia during OLV, or the consequence of the “transient but
multiple” intraoperative hypoxemia on clinical outcomes, such as incidence of pulmonary
complications, surgical infection, renal insufficiency, myocardial dysfunction, or postoperative
cognitive dysfunction, and length of hospital/ICU stay. Hypoxemia is a common issue in all
patients undergoing general anesthesia. Roughly 6.8% of surgical patients will experience a
peripheral saturation lower than 90%, and 3.5% of surgical patients experience peripheral
saturation lower than 85% for 2 min or longer 2. Tissue hypoxia is driven by oxygen
consumption (V0O2)/D0O2) mismatch. There usually exists a safety margin under normal
physiologic circumstances where VO2 is relatively independent of DO2 via an increased
extraction until a critical VO2/D0O2 mismatch is reached, at which point hypoxia will ensue 2.
The VO2/DO2 relationship is organ and context specific and various factors such as temperature,
intercurrent illness, and anesthetic agents can influence the critical value of VO2/D0O2 mismatch
2, General anesthesia per se can reduce VOZ2, thus creating a larger safety margin
intraoperatively. Studies have shown that brief episodes of profound hypoxemia to a saturation
of 50-70% in healthy humans are well tolerated without lasting consequences ’. The range of 50-
70% is far below the comfort and acceptance zones during OLV in patients of acute surgical
stress and chronic comorbid conditions. A mildly hypoxic environment might be an emerging
therapy applied to treat various illnesses from mitochondrial disease to spinal cord injury 2.
Studies seemed to indicate that short episodes of moderate (80—90% saturation) hypoxic
exposures are well tolerated in awake patients with various comorbidities 2. Hypoxemia during
OLV is largely due to intrapulmonary shunt. DO2 was not well correlated with SaO2 during
OLV. VO2/DO02 ratio of 0.3 does not seem to cause harm and continues to meet the oxygen
requirements of the body.
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Differential lung ventilation (DLV)

As mentioned above, traditionally hypoxemia during OLV is managed with increasing FiO2,
More PEEP, higher I:E ratio, suctioning of endotracheal tube, recruiting more alveoli to
participate in oxygenation, low level continuous positive airway pressure (CPAP) to the non-
ventilated lung, and intermittent two lung ventilation. Here we discuss a technique as an
alternative for CPAP or intermittent two lung ventilation °. DLV has been reported as a rescue
strategy for patients with unilateral lung pathology °. However, these are mostly case reports or
small case series. OLV involves anatomical and physiological separation of each lung into
separate units, and is used in thoracic surgical procedures to either facilitate lung surgeries or to
improve surgical exposure during other intrathoracic procedures 8. Berg et al studied 30 patients
and found that the use of DLV technique during OLV may improve patient’s oxygenation better
than CPAP to the non-ventilated lung. DLV may be applied when CPAP has failed during OLV
8 as a rescue strategy. Nakamori et al also found that DLV technique using two single-lumen
tubes had several advantages in terms of safety and efficacy over the conventional double-lumen
tube during the long period of DLV use ®.

What is the optimal range of pulse oximetry?

There is no consensus in regards to the optimal range of pulse oximetry. However, the trend
is more and more acceptable to have a lower pulse oximetry reading. It is up to the
anesthesiologist who will take care of the specific patient to determine the best range of
acceptable oxygen saturation for the specific patient with unique pathophysiological conditions.
And we should and could evaluate oxygen delivery to important vital organs selectively and
continuously 2. Beasley et al also proved that targeting SpO2 in the range of 92-96% may be
more preferable to 94-98% . It seems to be well tolerated when SpO2 is transiently in the range
of 85-90% 2. Regardless, it is very likely that most anesthesia providers will continue to maintain
oxygen saturation SpO2 greater or equal to 90% 2.

Conclusion

Oxygen delivery in the status of general anesthesia during OLV is very complicated. Many
factors, such as hemoglobin, cardiac output, and oxygen saturation, are all critical in maintaining
adequate oxygen delivery. During OLV, optimizing ventilation and improving oxygenation at
the ventilated lung while minimizing the shunt will be critical to maintain oxygen saturation and
oxygen delivery. If oxygen delivery does not exceed oxygen consumption, cellular and tissue
hypoxia will ensue. Though studies showed episodes of transient profound hypoxemia to 50—
70% oxygen saturation in healthy patients are well tolerated ’, this range is beyond most
anesthesia providers’ comfort zone. Pulse oximetry reading in the range of 85-90%, with
adequate cardiac output and hemoglobin level, will be more practical targets for the
anesthesiologists. And most anesthesiologists will make all efforts to maintain SpO2 over 90%
with all traditional measures, such as increased FiO2, increased I:E ratio, higher PEEP, to
achieve adequate minute ventilation and oxygen saturation.
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Abstract

Airway management is a landmark of medical modernization.
Lung isolation with double-lumen tube is a critical development
in thoracic surgery. Lung isolation can be achieved with various
equipment in current anesthesia practice. The techniques for lung
isolation have been evolving for the last century. This article
briefly reviewed the history of Double-lumen tube and its
importance in thoracic surgery. Newer and better technology will
be developed and integrated into anesthetic management in the
future.

Key words

Airway, Double lumen tube, Lung isolation, Bronchial blocker

Dr. Manxu Zhao

The history of first airway management probably goes back to the year of 1543 when Belgian
anatomist Andreas Vesalius performed a preliminary tracheotomy on a pig with reed or cane as a
tube placed into the trachea and artificially ventilated by blowing down the tube. After slow
advancement over the next 300 years, simultaneous developments in equipment and techniques
facilitated evolution of the double lumen tube accompanying thoracic surgery and anesthesia

advancement.
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Freidrich Trendelenburg as assistant surgeon in Berlin produced the first inflatable cuffed
tube with delicate double-walled Indian rubber tube surrounding slightly curved metal
tracheotomy tube in 1869 *. It was placed through tracheostomy and the cuff prevented aspiration
of blood and debris during surgical procedures of the upper respiratory tract. Surgeon William
Macewen devised the very 1% orotracheal tube made with flexible metal to administer anesthetic
with a sponge collar in 1880 2. The endotracheal tube was introduced by finger touch with a
sponge occupying the laryngopharynx to prevent aspiration. Although physician Victor
Eisenmenger was probably the first to use an inflatable cuff attached to an orotracheal tube in
1893, the cuffed orotracheal tube was not popularized till 1933 by head and neck surgeon Franz
Kuhn who was the first to suggest the use of suction catheters down endotracheal tubes 3 4.

Double-lumen tube (DLT) was initially developed in the physiology laboratory and
progressed slowly and introduced into clinical practice over the course of the last century.
Renowned physiologists Eduard Pfliiger and Claude Bernard studied gas exchange with
bronchospirometry in dogs. They designed a lung isolation catheter to separate the airways into
two lungs while Wolffberg performed the study of how gases crossed into the blood from the
lung using the catheter. It is the first conceptualized 'One Lung' ventilation in 1871 and
essentially constituted an early example of endobronchial single-lumen tube °. Physiologists
Head, Wolffberg, and Werigo performed further pulmonary physiology studies on dogs by
intubating the left and right main bronchi separately using separate tubes. Head cleverly designed
probably the first precursor of modern-day double lumen tube with two cannulas - a short
tracheal cannula and a longer curved metal endobronchial one with an inflatable balloon while
experimenting differential spirometry physiology in dogs and rabbits in 1889 ©. Following this
work, Werigo described a coaxial double-lumen tracheostomy cannula for dogs in 1892, which
was later adapted by physiologists Hermann von Schrétter and Adolf Loewy in 1905 in devising
the first double-lumen endobronchial catheter to achieve airway separation on humans while
studying pulmonary hemodynamics and measuring cardiac output .

Since the first successful pneumonectomy for tuberculosis was performed in multiple stages
by Macewen in 1895, high mortality rate remained a major challenge following surgery.
Preoperative assessment to predict postoperative outcome was performed by physiologist Hans
Christian Jacobaeus using invasive bronchoscopic catheterization on isolated lung in 1932 to
allow unilateral bronchospirometry. Together with HC Jacobaeus, Dr. Paul Frenckner designed
rigid metal coaxial double-lumen bronchoscope with a cuff at the distal end to cannulate either
bronchus in 1933 & Not only it measured regional ventilation but also provided information
about regional perfusion. However, the technique never gained widespread popularity because
of its technical difficulty and invasive nature. With emerging new material of rubber and plastic,
left-sided latex rubber DLT for bronchospirometry was designed by surgeon Paul Gebauer in
1939 and William Zavod in 1940 °. The steel plate in its tip to guide positioning under X-ray was
challenged to manipulate with inaccurate measurement due to high resistance.

Bjork and Carlens developed an improved left-side DLT with carinal hook in 1949 again for
bronchospirometric studies and provided a significant role in anesthesia for thoracic surgery .
The tube provided better control of ventilation with separation of the two lungs and prevented
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spillover of secretion while maintaining stability. The tube is molded to the shape of the trachea
with a long left main bronchus tube and shorter tracheal tube terminating above the carina and a
carinal hook to facilitate correct position. The Bjork/Carlens DLT was shaped anatomically with
side-by-side 2 “D-shaped” tracheal and bronchial tubes on the cross section and round tracheal
part of the tube externally. DLT is blindly inserted with a bronchial tube first negotiated beyond
the vocal cord with the help of curved metal stylet in it followed by 180° counterclockwise
turning to bring the hook anterior and pass it beyond the vocal cord. The moistened silk thread
slipknot, which tied the carinal hook to the tube preventing it from getting trapped at the vocal
cords, was released after passing the tube through the larynx. The metal stylet was withdrawn
followed by the tube rotating back 90° clockwise to bring the bronchial tube leftward and the
hook rightward. The tube was pushed down the left main bronchus until resistance met with the
hook hinging on the carina to provide stability and prevent tube advancing too far down into the
unilateral bronchus without the need for radiograph for proper tube positioning. The left
bronchus tube had anatomically angled distal bevel allowing easy entry into the left main
bronchus and it was sealed off with a cuff on distal end. The right tracheal tube had an opening
for ventilation and above this was the tracheal cuff. Its clinical potential was quickly realized and
was introduced for the first time for resection of a tuberculous abscess in the same year. Since
then, the value of the double lumen tubes has become widely appreciated in anesthesia for
surgeries involving thorax, chest, mediastinum, and major vessels including aorta. Although a
major advance, it complicated left pneumonectomy when the tube needed to be withdrawn to
tracheal leading to ventilation difficulties. Together with increased risk of carina hook being
truncated during surgery, other limitations from difficulty of intubation along with inadequate
suction and high airflow resistance led to further attempt to improve on Carlens design.

With the introduction of a "slotted"” cuff near the distal end of a single lumen tube by Green
and Gordon in 1955 and 1957 12| it has made practical possible with right endobronchial
intubation. White in 1960 designed a right DLT with carinal hook and slit endobronchial cuff
with orifice overlying right upper lobe bronchus *3. The placement of the right-sided double
lumen tube is similar to Carlens left DLT with opposite orientation. The bronchial cuff is gently
inflated until no air leak can be heard when the right lung is ventilated. A two-way union devised
by Salt and White 1959 was connected to the DLT to allow both lungs ventilated simultaneously
or individually with quick and easy control of the gas flow. It also permits suction secretions
from one lung while ventilating the other lung %,

Around the same time Roger Bryce-Smith simplified left DLT tube by removing the carinal
hook but adding pilot tubes for cuff inflation for easier placement and manipulation in 1959. He
also re-oriented the tracheal and bronchial portion of the tracheal part anteroposteriorly in the
anatomical position with less trauma to the vocal cords on insertion compared to Carlens side-
by-side DLT. However tracheal opening of the tube sitting over the anterior aspect of the carina
rather than the right main bronchus made suction difficult.

Frank Robertshaw combined features of Carlens’ side-by-side lumen, Green-Gordon’s
slotted bronchial cuff of the right-sided tube, and Bryce-Smith’s pilot tubes for cuff inflation into
the rubber walled tubes in 1962. This prototype tube increased lumens diameter and had
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undergone trial and error over two and half years including considerable experimentation with
the curve of the tube. Emerging new cheaper rubber compound made the tube slightly firmer
and less easily damaged by boiling. He finalized his design of left-sided tube posteriorly angled
at 45° related to carina and right-sided slotted cuff tube at an angle of 20° at the carina. The
Robertshaw tube not only allowed large bore suction but also proved less resistance to airflow ¥'.
His choice of blue colored bronchial cuff continued to this day because it contrasts well with the
pink bronchial mucosa. The significant development of the Robertshaw DLT tubes established
widespread clinical practice. While addressing the problems of cuff herniation and mucosal
damage from red rubber reaction and rigidity, manufacture has changed from rubber to plastic
polyvinyl chloride (PVC) based on the Robertshaw design. Disposable plastic Robertshaw DLT
has been developed and used since the 1980s.

Modern DLT based on the design by Robertshaw advances with modifications. The right-
sided Broncho-Cath DLT has a unique S shaped bronchial cuff that increases the area of the right
bronchial orifice .

Patients with very short-right mainstem bronchus may benefit from Cliny® right-sided DLT
featuring two ventilation slots with a long oblique bronchial cuff *°. In contrast, Sher-1-Bronch
developed two bronchial cuffs on right-sided DLT, one above and one below the slot with
distance of 13 to 14 mm long in between for ventilation of the right upper lobe bronchus for
anatomic variations.

Fuji Systems developed Silbroncho DLT made from 100% silicone with flexible wire-
reinforced short endobronchial tip. This feature decreases kinking and allows X-ray verification
of the DLT placement %,

Dr. Sunit Ghosh invented Papworth BiVent tube in 2008 with two side-by-side D-shaped
lumens which split into a fork that fits onto the carina with bronchial blocker being inserted
down the lumen to isolate the lung without FOB guidance. It may facilitate lung isolation by
anesthesiologists who occasionally perform OLV 22,

Correct position of DLT has always concerned clinical practitioners during initial placement,
subsequent reposition, and during surgical manipulation causing malposition and dislodgement.
Confirmation of correction position advanced from fluoroscopy, ultrasound, bronchoscopy to
fiberoptic bronchoscopy. VivaSight™ with continuous visualization of the airway with camera
initially was developed for the single-lumen tube by inventors including James Simon in 2010
and has been evaluated in the following years %. A high-resolution (76,800 pixels) 2 mm camera
with light source is embedded between the tracheal and bronchial cuffs of the VivaSight™ DLT
with a field of view of 100° diagonal with flushing system for in situ cleaning of the camera due
to heavy secretions.

DLT has its limitations in small patients, lesion along pathway of DLT, difficult airway, or
critically ill patients with single-lumen endotracheal tube (ET) placed not tolerating brief tube
exchanging, etc. Bronchial blocker and intentional mainstem are alternative methods to achieve
lung isolation and provide one-lung ventilation for these patients. Bronchial blockers can use
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single-lumen endotracheal tube (ET) with intraluminal or extraluminal ballooned catheter such
as Univent, Arndt, Cohen, or EZ-blocker although they tend to deflate the isolated lung slowly.
Fiberoptic bronchoscopy is often used to facilitate the bronchial blocker placement and adjust
position when dislodged or misaligned.

In summary, DLTs were introduced from early animal and human physiology experiments
and have evolved into clinical practice (Table 1). These developments will continue with new
technology and material in the modern era with real-time visualization, built-in suctioning
capacity, easily converting to single-lumen tube, and minimized airway trauma.
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What you see is not always what you get.
Controversies on video-assisted laryngoscopy

Mi Wang, MD
Department of Anesthesiology, Cleveland Clinic

Video-assisted laryngoscopy (VL) was invented in 2000 by
Dr. John Pacey. Superior glottis visualization and ease to learn
have surged VL popularity ever since for 2 decades. Some
airway experts even advocate VL replacing traditional direct
laryngoscopy (DL) completely for intubation. Debate aside, there =~
are limitations associated with VL. One of them is apparently -
underappreciated and worthy of discussion.

It is not uncommon to encounter the situation that an
endotracheal tube (ETT) cannot be inserted into the trachea
despite a good view on the VL screen. (1) Not being aware of this limitation creates a false sense
of security when anesthesiologists are dealing with a difficult airway. Airway injury and
complications ensue when the anesthesiologists fixate on repeating the futile intubation attempts,
under the delusion that “what you see are what you get”. The truth cannot be any further.

Before discussing the underlying reason for the VL limitation, revisiting the fundamental
mechanism of DL is warranted. To visualize the glottis, it is important to align the 3 axes of the
mouth, pharynx, and larynx. After sniffing position, tongue displacement toward the left, the
Macintosh blade is then inserted further into the oral pharynx and lifted as leverage to expose the
glottis to sight. If a Miller blade is utilized, tongue displacement is not indicated. Therefore, the
passage for ETT insertion is created linear, as it follows the trajectory of eyesight from above the
patient’s upper incisors to the glottis.

Another important contribution of DL facilities intubation can be explained by the 2-curve
theory (2), which divides the patient’s upper airway into a primary curve (from teeth to vocal
cords) and then a secondary curve (from vocal cords to carina). The vocal cords are the inflection
point between the primary and secondary curves. It is the most critical point for intubation. (see
figure) DL not only aligns the 3 axes as mentioned above, more importantly, it actively flattens
the inflection point and makes it more straightened out. Therefore, once the ETT has reached the
glottic opening, passing through it along the secondary curve encounters less tortuosity.

Despite the optimal sniffing position and DL techniques, the rate of successful DL is about
85%. Unable to secure the airway has been the primary anesthesia complication for decades.
Compared to DL, VL revolutionized laryngoscopy by two key elements, 1) the built-in camera in
the blade; 2) hyperangulation of the blade (about 60 degrees). This hyperangulation is a double-
edged sword. It facilitates the visualization of glottis at the expense of being more difficult to
intubate. The blade of VL is not able to actively align the 3 axes of the upper airway, and more
importantly, there is no flattening of the inflection point of VL compared to DL. Therefore, the
trajectory of ETT is not linear. Instead, it must follow the primary curve of the upper airway and
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then climb over the inflection point and finally accommodate the secondary curve. That is the
root cause of the limitation of VL: What you see is not always what you get.

In clinical practice, there are some tips to help with this situation, in an acronym CUP2
Holder.

1) Curve of the style matters.

2) Pull back the scope 1-2 cm.

3) Pull stylet 1-2 cm while simultaneously keep advancing ETT through the glottis.
4) Hold ETT at the distal end instead of the middle of ETT like the traditional DL.

1) The closer the curve of the style matches the primary curve of the patient, the easier it is
to intubate.

2) Pulling back the laryngoscope slightly gives more room to intubate at the small
compromise of the glottic view on the screen.

3) When the ETT tip is in the vicinity of VC, ask a helper to slightly pull back the stylet
while simultaneously advancing the ETT through the VVC. The style pulling creates a
subtle upward momentum of the ETT tip.

4) Holding the ETT more distal translates into a more efficient maneuver of the tip of ETT.

TWO CURVE THEORY
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Permission of reuse of the image is granted by The Protected Airway Collaborative - Complete
Learning Space on Dynamic Tracheal Access
https://theprotectedairway.com/dynamic-tracheal-access-with-sean-runnels/
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Extubation Criteria: When should you pull the tube?

Ren Ariizumi MD !, Sandra Orfgen MD 2, Andrew Mannes MD 2
1CA3/PGY4 Anesthesiology, Walter Reed National Military Medical Center, National Capital Consortium

2 Department of Perioperative Medicine, Clinical Center, National Institute of Health

According to the Fourth National Audit Project (NAP4) of the
Royal College of Anesthetists and the Difficult Airway Society,
major airway complications occurred during emergence or in
recovery in approximately one third of the reported cases relating to
anesthesia 2. Factors contributing to these major adverse events
included poor airway management strategies, inadequate assessment
of risk factors for airway difficulty, and overall failure to plan *3.
Since the introduction of the Difficult Airway Algorithm by the
American Society of Anesthesiologists in 1993, which has
traditionally focused heavily on intubating and securing the airway,
several authors have noted a significant reduction in the number of severe outcomes related to
tracheal intubation 245, During the same period, there has not been a significant decrease in the
rate of severe airway adverse events related to extubation *# €. One study by Asai et. al even
found that the incidence of respiratory complications associated with tracheal extubation was
7.4% higher than during tracheal intubation .

While there is no consensus on the definition for extubation failure, it has traditionally been
defined as the need for reintubation within 24-72 hours of a planned extubation "8 %1, However,
this does not differentiate between two distinct subcategories of extubation failure. More
recently, several authors have used the definition of “Inability to tolerate removal of the
endotracheal tube,” for extubation failure * . This is in contrast to weaning failure, which is
defined as “inability to tolerate spontaneous ventilation without mechanical support” *7. Rates of
extubation failure in the operating room and recovery is reported at 0.1-0.45% with certain types
of procedures, specifically endoscopy and various head and neck procedures, reporting
significantly higher reintubation rates *8*. In contrast, extubation and weaning failure in the ICU
is reported at much higher rates of 2-25% %21°. Regardless of location, reintubation typically
occurs within 2 hours of planned extubation and rarely occurs more than 24 hours after 8.
According to a 2005 analysis of the ASA Closed Claims Project, nearly one in six deaths related
to anesthesia (17%) occurred after extubation in the operating room or PACU “.

Factors that increase the risk for extubation failure can be divided into two categories:
patient factors and surgical factors. Patient factors include anatomic abnormalities of the head
and neck; conditions such as obesity and/or obstructive sleep apnea; respiratory muscle weakness
such as myasthenia gravis, amyotrophic lateral sclerosis (ALS), or muscular dystrophies;
permanent respiratory insufficiency which may require supplemental oxygen at home due to
COPD, interstitial lung disease, or restrictive lung disease; pregnancy; rheumatoid arthritis which
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may involve deviation of the larynx, arthritis of the cricoarytenoid joints, laryngeal tumors, and
limited TMJ motion; and Parkinson’s disease which may involve laryngeal tremor, vocal fold
bowing, and abnormal glottic opening and closing. Surgical risk factors include surgeries of the
head and neck, cervical spine, upper airway, maxillofacial procedures, and obstetrics. Duration
of surgery is also a factor with longer surgeries being at higher risk for extubation failure "1,

There are four general techniques for extubation: awake, deep, staged, or delayed. Each has
associated risks and benefits.

Awake extubation: Removal of the endotracheal tube occurs when the patient is
“fully awake” with return of airway reflexes. Benefits of this technique include return of
airway tone, reflexes, and respiratory drive which allows the patient to maintain their
own airway. Disadvantages include patient discomfort and agitation which can lead to
throat pain, possible pulling of lines, and disruption of surgical sutures as well as other
patient or provider harm. This technique may be favored in patients with obesity,
obstructive sleep apnea, or other conditions that place them at increased risk for airway
obstruction, as well as in patients with anatomic abnormalities of the head or neck which
may make reintubation more challenging.

Deep extubation: Removal of the tracheal tube occurs before return of airway
reflexes. Benefits of this technique include possible decreased incidence of coughing,
bucking, and hemodynamic effects of tracheal tube movement. Deep extubation is
associated with an increased risk of upper airway obstruction and is contraindicated when
mask ventilation is likely to be difficult, there is an increased risk of aspiration, history of
difficult intubation, or suspected airway edema . This technique may be favored in
patients undergoing head and neck surgery where coughing and bucking at extubation
may cause disruption of sutures leading to bleeding and hematoma formation as well as at
surgical centers with rapid turnover and PACU staff experienced with recovering patients
after deep extubation.

Staged extubation: Replacement of the tracheal tube with another airway device
which may be less stimulating to the patient while also providing some insurance against
airway obstruction or a conduit to facilitate rapid reintubation. Replacement devices
include laryngeal mask airway, airway exchange catheter, or elective tracheostomy.

Delayed extubation: Deferring extubation in order to optimize hemodynamic,
respiratory, metabolic, and logistical factors. This may be the safest choice in unstable
patients or when the time of day or location do not provide adequate equipment or
support personnel to facilitate safe extubation. It is generally recommended to have the
same level of support equipment and personnel available at both intubation and
extubation.

Extubation Guidelines and Algorithms
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For routine extubation of the normal airway, similar criteria, parameters, and expected values
are mentioned by multiple authors 78 °121314  They include the following:

Stable vital signs: stable heart rate, blood pressure, respiratory rate, oxygen saturation, and
temperature within accepted ranges relative to the patient’s baseline values

Adequate reversal of neuromuscular blockade: Typical goals include four strong twitches on
train-of-four testing and sustained tetany at 50Hz. Strong handgrip and unassisted head lift
for >5 seconds has also been described. It is important to note that even with four strong
twitches on ToF, up to 70% of receptors can still be blocked by residual neuromuscular blocking
agents.

Adequate respiratory mechanics: spontaneous respiratory effort and adequate tidal volume
which some sources list as 5Sml/kg, though closer to 3ml/kg, especially in obese patients, is likely
adequate. Negative inspiratory force of -20cmH20 or better is also listed, though this is more
commonly measured in the ICU than in the operating room.

Acceptable arterial blood gas on 40% FiO2: Can be done if readily available with goal
pH >7.3, Pa02>60mmHg and PaCO2<50mmHg. Again, this is more commonly measured in the
ICU. End Tidal CO2 is sometimes used as a surrogate for PaCO2, though the reliability of this is
questionable.

Cuff leak test and airway inspection: Recommended if there is increased risk or concern for
airway edema.

If performing an awake extubation, the patient should be awake, alert, and able to follow
commands. Sustained eye opening may be substituted for pediatric patients and patients unable
to understand commands. There should also be evidence of return of airway reflexes such as
swallowing, cough, or gag reflex. If performing a deep extubation, these signs should be absent.

Guidelines for Extubation of the Difficult Airway

2022 ASA Practice Guidelines for Management of the Difficult Airway: Latest update of the
guidelines that provide more extensive guidelines for extubation than previous iterations. They
include having a preformulated strategy for extubation and subsequent airway management
depending on the surgery or procedure, other perioperative circumstances, condition of the
patient, and skills and preferences of the clinician; assessing patient readiness for extubation;
ensuring that a skilled individual is present to assist with extubation when feasible; selecting an
appropriate time and location for extubation when possible; assessing the merits and feasibility
of short-term use of an airway exchange catheter and/or supraglottic airway that can serve as a
guide for expedited reintubation; evaluating the risks and benefits of an elective surgical
tracheostomy; evaluating the risks and benefits of an awake extubation versus extubation before
the return of consciousness; using supplemental oxygen throughout the extubation process
whenever feasible; and assessing the clinical factors that may produce an adverse impact on
ventilation after the patient has been extubated *°.

19 | 74



Vol. 9, No 2, 2022

The guidelines can be summarized by the mnemonic OPERA

e O: Oxygen — Give supplemental oxygen whenever feasible

e P: Plan — Have a plan for extubation and post-extubation airway management, as well
as awareness of clinical factors that may have an adverse impact on post-extubation
ventilation

e E: Extubation technique — Consider the merits of awake, asleep, or staged extubation,
as well as surgical tracheostomy

e R: Readiness — Assess patient readiness for extubation

e A: Available — Select the right time and place so that help is available

2012 Difficult Airway Society Guidelines for the Management of Tracheal Extubation:
Guidelines that «. . . discuss the problems arising during extubation and recovery and promote a
strategic, stepwise approach to extubation” 2. A basic extubation algorithm is described, with
specialized sub-algorithms for low-risk versus at-risk extubations, as well as detailed
descriptions of several advanced and staged extubation techniques 2. The four steps of the
algorithm are as follows:

Step 1: Plan Extubation — Assess for airway risk factors such as known difficult airway,
airway deterioration, restricted airway access, obesity, OSA, or aspiration risk; as well as general
risk factors such as baseline cardiovascular instability, impaired respiratory function,
neurological or neuromuscular impairment, metabolic abnormalities, special surgical
requirements, and/or special medical conditions.

Step 2: Prepare for Extubation — Optimize patient and other factors and ultimately select
the low-risk vs. at-risk algorithm depending partially on the factors found in Step 1 and partially
on real-time evaluation. Optimization includes correction of cardiovascular instability,
neuromuscular blockade reversal, adequate fluid balance, adequate analgesia, and optimization
of temperature, acid/base status, electrolytes and coagulation status, as well as ensuring an
appropriate location with skilled assistance, monitoring, and equipment available. Real-time
assessment includes an upper airway assessment for edema, blood clots, trauma, foreign bodies,
and airway distortion, preferably under direct or indirect laryngoscopy; larynx assessment via
cuff leak test; and lower airway assessment which may require chest radiography in addition to
evaluation of respiratory mechanics and auscultation.

Step 3: Perform Extubation — Done according to the low-risk vs. at-risk algorithm.
General guidelines applicable to both algorithms include minimizing interruption of oxygen
delivery to the patient’s lungs via pre-oxygenation; proper positioning such as supine, reverse
Trendelenburg, or left side down depending on patient risk factors; suctioning of the airway prior
to extubation to remove secretions; utilizing alveolar recruitment maneuvers; placing a bite
block; and avoiding sequelae of airway stimulation. Pharmacologic agents that may be used to
attenuate the effects of airway stimulation include lidocaine, which may reduce coughing and
can be administered topically at intubation, into the cuff of the endotracheal tube, or
intravenously before extubation; opioids such as remifentanil, which can suppress the cough
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reflex; and ketamine, beta blockers, calcium channel blockers, magnesium, or clonidine which
can all be used to attenuate cardiovascular and respiratory changes associated with extubation ¢,

According to the low-risk algorithm, the clinician must choose between a deep extubation vs.
an awake extubation. According to the at-risk algorithm, the clinician must first determine
whether or not it is safe to remove the endotracheal tube. If yes, an awake extubation vs. an
advanced technique such as a laryngeal mask exchange, remifentanil infusion, or airway catheter
exchange should be chosen. If not, the choice must be made between postponing extubation or
tracheostomy.

Step 4: Post-extubation care — Close monitoring in recovery of levels of consciousness,
vital signs, pain scores, and concerning airway signs such as stridor, agitation, and obstructed
breathing problems. Signs of surgical complications such as increased drain losses, decreased
flap perfusion, airway bleeding, and expanding hematomas should also be monitored closely. It
is also important to remember that life-threatening complications following extubation are not
restricted to the immediate postoperative period. For example, mediastinitis secondary to airway
perforation or other airway injury often presents with severe throat pain, deep cervical pain, chest
pain, dysphagia, fever, or crepitus after the patient has left the PACU and returned to their
hospital room.

Advanced Extubation Techniques

The Difficult Airway Society Guidelines describe several different advanced extubation
techniques in detail. The first is replacement of an endotracheal tube with a laryngeal mask
airway, also referred to as the Bailey Maneuver. When the patient is at a deep plane of
anesthesia and breathing 100% oxygen, a laryngeal mask airway should be deflated (if possible)
and placed in the mouth between the endotracheal tube and the palate under laryngoscopy with
the tip of the LMA properly positioned over the upper esophageal sphincter. Once properly
placed, the LMA should be inflated, the endotracheal tube cuff deflated, and then the
endotracheal tube removed while maintaining positive pressure. At this point the circuit should
be switched from the endotracheal tube to the LMA. Benefits of this technique include
maintaining a patent, unstimulated airway for emergence with an emergence profile reportedly
superior to both awake or deep extubation "8 1%, This technique may be beneficial in patients
with increased risk for bronchospasm, such as severe asthma, with concurrent risk for
obstruction such as history of obstructive sleep apnea and/or obesity. It should be avoided in
patients in whom reintubation would be difficult or if there is an increased risk of regurgitation.

Another technique described is the remifentanil extubation technique. Remifentanil can be
used to suppress cough and cardiovascular changes upon extubation, allowing for a smooth and
comfortable emergence. Other anesthetic agents, such as volatile anesthetic, nitrous oxide, or IV
infusion should be stopped once the remifentanil infusion has been started and with enough time
left before the end of the procedure to allow for adequate washout or elimination. Ventilation
should be continued and extubation should not be performed until the patient opens their eyes to
command and is maintaining adequate spontaneous respiration. The challenge of this technique
is titrating the remifentanil infusion to avoid apnea or hypoventilation while maintaining an
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adequate depth of anesthesia. It is also important to remember that remifentanil has no long-term
analgesic effects, but can still be antagonized with naloxone if necessary. Patients who may
benefit from this technique include those undergoing septorhinoplasty where awake extubation
should be performed since positive pressure ventilation with face mask is contraindicated, but
coughing and bucking can disrupt surgical sutures.

A third advanced extubation technique described involves leaving a catheter in the airway
after extubation, such as a bougie or airway exchange catheter, to facilitate rapid reintubation or
jet ventilation if a hollow catheter is used. Placement of this catheter should occur through the
endotracheal tube just prior to extubation, and extubation should be performed carefully to
ensure the catheter tip remains mid trachea at all times. The duration of time this catheter should
remain in place is not specified, though one study by Mort et. al. noted the duration to be a range
of 5 minutes to 72 hours with a mean of 3.9 hours post-extubation ?. Evidence shows a
significantly increased first-pass success rate of reintubation with this technique (87% vs. 14%)
as well as decreased rates of complications during reintubation including hypoxemia,
bradycardia, and multiple intubation attempts 2. Patient tolerance of this technique varies,
though there is some evidence that smaller bore catheters tend to be less stimulating to the
airway 2. Of note, utilizing the Cook airway exchange catheter in this manner is an off-label
use, but Cook makes a specific staged-extubation catheter set that is available outside the United
States & 22, This technique may be beneficial in patients with significant comorbidities that
necessitated an awake fiberoptic intubation.

Extubation in Children

Differences in psychological development, ability to follow commands, and anatomical
differences necessitate a different set of extubation criteria for children. Templeton et. all found
that of nine commonly utilized criteria for awake extubation in infants and children, five were
positively associated with successful intubation: Eye opening, facial grimace, conjugate gaze,
purposeful movement, and tidal volume > 5ml/kg. While none of these five criteria was superior
to the others, the presence of greater than one of the predictors conferred a stepwise increase in
the likelihood for successful extubation. With only one of the predictors present there was an
88.3% chance for successful extubation, but with all five they found a 100% chance for success.
The greatest increase occurred between 2 and 3 factors, with an increase from 88% to 96%
chance for successful extubation .

Summary

Extubation is an elective procedure, and a preformulated plan should always be in place
before attempting extubation. Evaluation of patient readiness for extubation and optimization
should be performed and include stable vital signs, reversal of neuromuscular blockade, adequate
respiratory mechanics, suctioning of secretions and placement of bite block. Blood gas
evaluation and airway inspection may be performed if there are concerns for laboratory
abnormalities or airway edema. If performing an awake extubation, the patient should be awake,
alert, and able to follow commands, with return of airway protective reflexes. If performing a
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deep extubation, airway protective reflexes should be absent to avoid an increased risk of
laryngospasm. While complications encountered during basic extubation of the normal airway
are typically minor, a small but significant number have serious consequences 2.

For extubation of the difficult airway, the 2022 update of the ASA Guidelines for
Management of the Difficult Airway provides expanded extubation guidelines emphasizing
supplemental oxygen throughout the procedure, having a plan for extubation and post-extubation
airway management, selecting the appropriate extubation technique given the patient’s status and
comorbidities, ensuring patient readiness for extubation, and selecting an appropriate time and
location to perform the extubation where appropriate equipment and personnel are available *°.
The Difficult Airway Society Guidelines for the management of tracheal extubation, published in
2012, provides a step-wise approach to extubation emphasizing planning, preparation, clear
identification of “at-risk™ patients, and the use of adjunct equipment and techniques as
appropriate. Specific advanced extubation techniques described in the Difficult Airway Society
Guidelines include replacement of the endotracheal tube with a laryngeal mask airway prior to
extubation, known as the Bailey maneuver; extubation under a continuous remifentanil infusion;
and exchanging the endotracheal tube with an airway exchange catheter to allow extubation but
with a device to facilitate rapid reintubation during the immediate post-extubation period 2.

Current existing guidelines do not specifically address extubation of the pediatric airway and
adaptation of the guidelines to pediatric patients is impractical in some cases. Recent research
has suggested that certain commonly used extubation criteria in children are associated with
higher successful extubation rates 2. These include eye opening, facial grimace, conjugate gaze,
purposeful movement, and tidal volume >5 ml/kg. None of the criteria was found to be superior,
but the presence of one or more had a step-wise increase in the likelihood of success. The largest
increase occurred between the presence of two and three of the relevant criteria where the
likelihood of success increased from 88.4% to 96.3%.

While extubation is successful the majority of the time in the operating room, complications
are commonly associated with extubation and a significant number of serious complications have
been reported. There has recently been an increased focus on providing more robust guidance,
training, and skills in regards to extubation. However, further research is needed to determine
the impact of these guidelines, as well as their applicability to special populations.
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ASA DIFFICULT AIRWAY ALGORITHM: ADULT PATIENTS

Pre-Intubation: Before attempting intubation, choose between either an awake or post-induction airway strategy.
Choice of strategy and technique should be made by the clinician managing the airway.?
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Abstract

Advances in thoracoscopic equipment and surgical
techniques made possible thoracoscopic repair of some
congenital abnormalities such as congenital esophageal
atresia/tracheoesophageal fistula and congenital diaphragmatic
hernia. It is very challenging for pediatric anesthesiologists to
manage these patients going through the surgical procedures
perioperatively. Preoperatively, thorough preparation including
fasting, gastrointestinal decompression, maintaining
normothermia, infection prevention/management, oxygen
supplementation, assisted ventilation if needed, hemodynamic
optimization, and application of pulmonary surfactant if
indicated. Intraoperatively, adoption of “Low-pressure slow insufflation technique”,
management of hypoxemia, hypercarbia, hypothermia and potential pulmonary hypertension.
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Postoperatively, delicate weaning of mechanical ventilatory support and comprehensive
metabolic and hemodynamic control will achieve a smooth recovery and good clinical outcome.

Key words:
Thoracoscopic procedure, neonate, congenital esophageal atresia, tracheoesophageal fistula,
congenital diaphragmatic hernia

I. Background

Advances in medical techniques and equipment in recent decades, primarily miniaturization
of equipment, have enabled minimally invasive surgery (MIS) to be increasingly used in the
pediatric population. Believed almost impossible two decades ago, the repair of certain
congenital abnormalities in neonates, such as congenital esophageal atresia/tracheoesophageal
fistula (EA/TEF) and congenital diaphragmatic hernia (CDH), are now commonly repaired by
thoracoscopic procedures 23, MIS has the advantages of causing less trauma to the rib cage,
resulting in less postoperative pain to the patient, faster recovery, shorter hospital stay, and lower
incidences of scoliosis caused by thoracic and papillary asymmetry and rib fusion 34°, Parents
and their families are gradually more in favor of minimally invasive surgical management of
these abnormalities . More importantly, the thoracoscopic management of these neonatal
congenital diseases could lead to better clinical outcomes *22. Thus, the growth in pediatric
thoracoscopic surgery has been enormous. This trend also poses challenges to the anesthesia
providers because these thoracoscopic procedures in neonates demand very delicate/meticulous
perioperative management.

I. Anesthetic challenges in pediatric/neonatal thoracoscopic surgery

The challenges of managing neonatal patients for their thoracoscopic procedures come from
the following reasons. The small size and immature physiological systems of neonates. The
pulmonary functions in neonate are far away from maturity, yet the thoracoscopic procedures
pose a direct negative impact on the respiratory function. The principal physiological impasse in
thoracoscopic surgery results from intraoperative CO2 insufflation, which limits lung excursions
and decreases lung compliance. In addition to the risks of hypoxemia and hypercarbia secondary
to CO2 insufflation, venous return to the heart can also be compromised resulting in a reduction
in cardiac output. The appropriate minute ventilation volume is critical. Hyperventilation can
potentially lead to the V/Q ratio mismatch, and thus, further aggravate the ventilation and
oxygenation problem. Also, high tidal volume automatic ventilation perioperatively may cause
damages to the neonatal lungs. The inhaled anesthetic agents may inhibit hypoxic pulmonary
vasoconstriction, which is a very important feature maintaining V/Q balance and minimizing
shunting. And, the neonates can easily develop hypothermia, if the inhaled air is not heated and
humidified 3 4.

I11. Preoperative considerations:

CDH is a syndrome that includes pulmonary hypoplasia, lung immaturity, left heart
hypoplasia, and persistent pulmonary hypertension of the newborn 7. CDH is commonly
believed to be a physiological emergency rather than a surgical emergency. There are 5 EA/TEF
subtypes as illustrated in Figure 1, with Type 11l being the most common subtype 3. Many
patients with EA/TEF probably also suffer from aspiration or aspiration pneumonia as well as
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electrolyte disturbances. Currently, there are no widely accepted criteria to assess the suitability
of neonates for thoracoscopic surgery. Detailed preoperative preparation in principle includes
fasting and gastrointestinal decompression, maintaining normothermia, infection
prevention/management, oxygen supplementation, assisted ventilation if needed, hemodynamic
optimization, and application of pulmonary surfactant if indicated. These patients should always
be closely monitored and assessed to provide the best assessment/optimization of the
preoperative conditions possible 38,

IV. Intraoperative considerations
1. Adoption of “Low-pressure slow insufflation technique”

Continuous insufflation of CO2 to establish artificial pneumothorax frequently increases the
intrathoracic pressure and potentially causes clinical presentations similar to tension
pneumothorax. Thoracoscopy can frequently lead to hypercapnia and acidosis if high insufflation
pressures are used *%1°, We have demonstrated this problem can be overcome by minimizing the
insufflation pressure required to maintain the pneumothorax ° ., The insufflation pressure is
gradually and slowly increased to 4-6 mmHg with the CO2 flow rate controlled at 1-2 L/minute.
This technique allows the neonate more time to adapt to the gradual CO2 insufflation-induced
pneumothorax, reducing the impact on respiratory and circulatory functions. In our experience,
this technique was effective at minimizing the potential adverse effects of pneumothorax on the
respiratory and circulatory systems 3.

2. Management of intraoperative hypoxemia

FiO2 was adjusted according to oxygenation status. The literature does not seem to provide
consensus as to the ideal FiO2 in these neonates during induction and maintenance of general
anesthesia. Some studies have shown that neonates should not receive 100% oxygen to avoid
oxidative injury. However, a too low FiO2 may be problematic because it can lead to hypoxemia
12 We recommend maintaining oxygen saturations at less than or equal to 96% to prevent both
hyper- and hypoxemia. Thus, the FiO2 during thoracoscopy was maintained at 60—80%, which
was adjusted as needed based on the ventilation and oxygenation status. The respiratory
frequency was adjusted according to PETCO2 and PaCO2, usually set at 3035 breaths /minute.
The I:E ratio was set at 1:1 to 1.5 to allow enough time for adequate exhalation. If hypoxemia
and/or hypercapnia occurred, mechanical obstruction of the ETT must first be ruled out.
Frequent airway suction can often correct this problem. Intermittent lung expansion may be
needed. If somehow the ventilation and oxygenation status does not improve with these
maneuvers, bilateral two-lung ventilation should be resumed until the etiology of hypoxemia is
identified and resolved. Strategies for the purposes of preventing and treating hypoxemia
included airway suctioning to remove secretions, adjustment of respiratory parameters such as
adjusting the I:E ratio, increasing FiO2, applying positive end-expiratory pressure (PEEP),
alveolar recruitment with a Valsalva maneuver, and bronchodilator therapy 3.

3. Management of intraoperative hypercapnia

Intraoperative hypercarbia can occur largely due to CO2 insufflation and is usually treated by
hyperventilation. Some studies have reported that infants who undergo thoracoscopic surgery are
more likely to develop hypercapnia ** 4. Other investigators have found that with careful patient
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selection and the use of low insufflating pressures and alternative ventilatory strategies, many
neonates can be safely managed during thoracoscopic repair of their congenital lesions 31516,

4. Management of hypothermia

The temperature regulating mechanisms in neonates are well known to be immature. The
etiologies for this hypothermia include blood loss during surgery, low ambient temperatures in
the OR, cold fluids (both irrigation and intravenous), and continuous insufflation of a large
amount of cold CO2 without humidification into the thoracic cavity. Some or all of these can
contribute to a decrease in body temperature intraoperatively. Hypothermia can potentially
increase the incidence of surgical complications and increase oxygen consumption * . Pre-
warming the OR by increasing the OR room temperature settings, using forced-air warming
devices, a radiant warmer, and fluid warmers are all important means in the prevention and
treatment of hypothermia.

5. Endotracheal tube obstruction

If the tracheal tube is obstructed, we need to suction the ETT frequently to correct this
problem. After repeated suctioning and no improvement in ventilation, the ETT should be
replaced and ventilation will often be improved 3.

6. Pulmonary hypertension

CDH distinctive features are pulmonary hypoplasia and postnatal pulmonary hypertension.
However, the pathogenesis of pulmonary hypertension has not been fully clarified yet 18120, In
addition, the degree of postnatal respiratory and cardiovascular compromise are key determinants
of prognosis 222, We reported a neonate who developed persistent pulmonary hypertension
postoperatively 3.

V. Postoperative considerations

Postoperative management should include admission of all neonate patients to the NICU,
these patients should remain intubated and mechanically ventilated. The neonates should also be
closely monitored. Delicate comprehensive postoperative management will allow for early
intervention to treat any potential hemodynamic, respiratory, or surgical complications in the
NICU 3,

Summary

Many factors determine the success of thoracoscopic procedures in neonates. Thorough
preoperative assessment and preparations, meticulous intraoperative management by adopting
well established strategies including precise airway and respiratory management, “low pressure-
slow insufflation technique” to create an artificial pneumothorax, the use of PCV with peak
airway pressure maintained at 20-25 mmHg, maintaining the respiratory rate at 35-55
times/minute, FiO2 at 60—80%, I:E ratio at 1:1-1.5, and intermittent ETT suctioning to clear
airway secretions, maintaining normal hemodynamic parameters, and maintenance of
normovolemia and normothermia.
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Summary: The article discusses the advancements of the laryngeal mask airway (LMA) and its
routine and non-routine uses. It analyzes the risk of aspiration with the LMA compared with the
endotracheal tube. It also reviews whether mechanical ventilation is safe with the new generation
of LMAs.

Introduction

The laryngeal mask airway (LMA) was invented in 1983 by Archie Brain, MD as an
alternative airway device to the facemask and endotracheal tube (ETT) L. Since the establishment

of the classical LMA, the device has undergone multiple improvements and modifications (Table
1). The LMA can provide a better quality of ventilation over a mask alone and with less
instrumentation to the airway than tracheal intubation.? Advantages of the LMA include the ease
of use and less injury to airway tissues than ETTSs, although trauma can result from forceful use
of LMAs *¢. With the LMA, there are fewer hemodynamic disturbances and postoperative
complications than with an ETT 2. The LMA has been widely used in surgery requiring general
anesthesia and as a rescue device for difficult airways ’. In the updated difficult airway
algorithm, developed by the American Society of Anesthesiologists, the LMA is a priority
apparatus for emergency noninvasive airway access.” Many clinical investigations and research
have demonstrated that the LMA is a safe and reliable airway device 258°. However, debate
continues regarding non-standardized use of the LMA in clinical settings, including with positive
pressure ventilation (PPV) and muscle relaxants, in laparoscopic surgery, and with obese patients
(Table 2). Concerns regarding LMA use can be categorized as follows: (1) inadequate seal of the
LMA due to malposition; (2) airway injuries ranging from throat discomfort to permanent tissue
damage; (3) aspiration risk; (4) safety of mechanical ventilation as opposed to spontaneous
ventilation; and (5) safety in obese patients. Non-routine uses of the LMA and potential safety
issues will be discussed in this review.

LMA Placement and size selection

The LMA may be easily placed following induction of general anesthesia, with or without a
muscle relaxant °. In a study by Hemmerling et al., the success rate of first attempt insertion was
92% with the use of muscle relaxant versus 89% without muscle relaxant *°. If the LMA size
selected is too small, it may not create an adequate seal, leading to leakage, which may result in
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insufficient ventilation . If the device is too large, it may lead to reduced adaptability, also
resulting in a poor seal or leak. This may also result in soft tissue, lingual nerve injury, or even
pharyngeal damage if it was forcefully placed. Size 4 and 5 LMAs are appropriate in most
average female and male adults, respectively. In a study by Asai et al., leaks were reduced with
placement of the larger size LMASs in both males and females . Minimal inflation volumes
were used to create an adequate seal, resulting in less pressure measured on the pharynx .
Brimacombe et al. investigated pharyngolaryngeal complaints in 300 patients comparing LMA
use with low cuff volumes and LMA with high cuff volumes and finding a higher incidence of
sore throat and dysphagia in the latter group 2. In a prospective study of 5,264 patients, Higgins
et al. found that the incidence of a sore throat with an ETT versus an LMA was 45.4% and
17.5% of patients, respectively *. Although the incidence of a sore throat may be higher with
ETTs compared with LMAs, inappropriate LMA size and high cuff pressures may also
contribute to significant pharyngolaryngeal complications; thus, importance should be placed
more on minimizing intracuff volume #5, In a Cochrane review, Mathew et al. pooled 15
randomized controlled trials with 2,242 patients to assess whether it was better to remove the
LMA under deep anesthesia or when patients are awake. The review concluded that there was
not sufficient high-quality evidence to determine if one method was superior to the other *2,

Aspiration risk with LMA

A frequent concern regarding LMA use is the risk for aspiration, particularly when PPV is
applied. The most common contraindications to LMA placement include patients at risk of
aspiration such as during pregnancy, trauma, preexisting gastroparesis, intestinal obstruction, or
emergency surgery in nonfasted patients. Table 3 provides an overview of absolute and relative
contraindications to the LMA. In appropriately fasted patients, several studies have identified the
risk of aspiration with an LMA is extremely low &°. Brimacombe et al. revealed the incidence of
pulmonary aspiration with an LMA to be 2 per 10,000 compared with 1.7 per 10,000 for an ETT
and facemask, in a similar patient cohort °. In a study performed by Bernardini and Natalini with
65,712 surgical procedures, including 2,517 laparoscopic surgeries and major abdominal
surgeries, there was no significant difference in the rate of aspiration for the classic LMA in
comparison with an ETT while using PPV 8. In a meta-analysis, Park et al. compared second-
generation LMAs to ETTs in 1,433 patients undergoing laparoscopic surgery and found no
difference in oropharyngeal leak pressure, gastric insufflation, or aspiration ©. The lack of
difference in oropharyngeal leak pressure suggests a degree of airway protection and sufficient
mechanical ventilation even against an insufflated abdomen . LMAs have been successful in
laparoscopic procedures, but caution with use is warranted. Second-generation devices may be
more appropriate for laparoscopic surgery with higher oropharyngeal seal pressure and gastric
suction port °.

Some second-generation LMAS contain a gastric channel for placement of an orogastric tube
to prevent aspiration (Table 1). In a large observational study, 700 appropriately fasted patients
underwent general anesthesia for cesarean section with the LMA Supreme™ . There were no
reported cases of aspiration using the LMA Supreme™ with placement of an orogastric tube
through the gastric port *°.

Positive inspiratory pressure greater than 15 cm H.O has been suggested to lead to
incompetence of the lower esophageal sphincter and result in insufflation of air into the stomach
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with the potential for aspiration °. Devitt et al. assessed the leak fractions, measured from
subtracting expiratory volume from inspiratory volume divided by inspiratory volume, and
gastric insufflation comparing classical LMASs versus standard endotracheal intubation at various
inspiratory pressures. The leak fraction increased with increasing positive pressure delivered
through the LMA and remained low and unchanged in the ETTs. At an inspired pressure of 15
cm H.0, the gastric insufflation with LMA use was 2.1%, while it was 35.4% with a pressure of
30 cm H,0 Y. In a Cochrane review comparing the ProSeal™ LMA, a second-generation LMA
with a gastric suction port and a posterior cuff for an improved seal, with Classical LMA with
PPV, Qamarul Hoda et al. concluded that there was no significant difference in rates of
regurgitation 8, Both older and newer generations of the LMA have been successfully used
without clinical signs of aspiration if inspiratory pressures are limited to 15 cm H.O or lower "8,

Spontaneous ventilation vs. Mechanical ventilation

A benefit of LMA use is that it is less stimulating to a patient than an ETT; therefore, less
anesthesia is often required *°. Due to increasing comfort with use and the