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EVALUATING THE APPLICATION OF CRICOID PRESSURE DURING RAPID
SEQUENCE INDUCTION AND INTUBATION
JIN DENG
ABSTRACT

Cricoid pressure is a widely accepted, yet highly questionable maneuver
employed by airway management specialists. The function of cricoid pressure is to help
prevent gastric regurgitation and pulmonary aspiration when intubating high-risk patients.
Although initially well-received by the medical community, the status of cricoid pressure
as a standard of care has been challenged by arguments that this procedure is ineffective,
unsafe, and generally unfit for clinical practice. Moreover, the lack of a standardized
protocol has contributed to significant discrepancies in the way cricoid pressure is
applied.

A literature analysis reveals insufficient data to determine whether or not cricoid
pressure decreases the risk of regurgitation. However, the maneuver can still be deemed
effective because of its anatomical basis. Advanced imaging studies affirm the ability of
cricoid pressure to occlude the lumen of the postcricoid hypopharynx, physically
impeding passage of gastric or esophageal content through the point of compression.

An evaluation of cricoid pressure protocol is done in an effort to establish a
standardized set of guidelines. Although a general consensus has been reached regarding
certain aspects of the maneuver, such as force and timing, further research is required to
thoroughly understand its additional intricacies. In the meantime, a cautious approach to

applying cricoid pressure is strongly advised.

1Y



TABLE OF CONTENTS

DI L. . 1
COPYRIGHT PAGE. ... oo 11
READER APPROVAL PAGE. ... ..o 111
ABSTRACT ...ttt st v
TABLE OF CONTENTS ...ttt v
LIST OF TABLES ... .ottt vii
LIST OF FIGURES ....ooiiiiiii ettt viii
LIST OF ABBREVIATIONS ......oiitiiiiiiieien ettt ix
INTRODUCTION ..ottt ettt st 1
SPECIFIC AIMS ..ottt st s 13

EFFICACY OF CRICOID PRESSURE IN PREVENTING GASTRIC

REGURGITATION ..ottt sttt et st 14
EFFICACY OF CRICOID PRESSURE IN OCCLUDING THE ESOPHAGUS............ 20
EVALUATION OF CRICOID PRESSURE PROTOCOL .......ccccoceevviviiniiiiniinieieenens 29
DISCUSSION AND FUTURE DIRECTIONS ......cccioiiiiiiiiiiiienicitceeeesiececseeieeen 41
CONCLUSION ...ttt ettt sttt ettt st bbb b e 47
REFERENCES ... oottt 49



CURRICULUM VITAE

Vi



LIST OF TABLES

Table Title Page

1 Cricoid Force in Pediatric Patients 34

vii



Figure

LIST OF FIGURES

Title
Anatomy of the cricoid cartilage
Demonstration of cricoid pressure
Histogram of esophageal displacement
Lateral displacement of the esophagus
Cricoid pressure laterally displaces the esophagus

Cricoid pressure compresses the postcricoid hypopharynx

viil

Page

22
23
25

27



LIST OF ABBREVIATIONS

0 e ettt ettt Sixth Cervical Vertebra
CF ettt et ettt et ettt aee e Cricoid Force
P ettt ettt ettt Cricoid Pressure
L SR Computed Tomography
LOC . et e Loss of Consciousness
MR ..o Magnetic Resonance Imaging
PPV e Positive Pressure Ventilation
RSIL.ccie e Rapid Sequence Induction and Intubation

1X



INTRODUCTION

Significance of Cricoid Pressure During Intubation

The need to induce general anesthesia and perform endotracheal intubation on
patients undergoing certain operations presents many potential risks for patients and
healthcare providers alike. One of the most prevalent risks occurs during the intubation
process whereby insufflation of air into the stomach can cause gastric distension. The
buildup of pressure in the stomach is especially dangerous because it increases the
likelihood of regurgitation of gastric content into the lungs, which can cause pulmonary
aspiration. Gastric distension can also interfere with respiratory functions by restricting
lung expansion (Moynihan et al., 1993). These complications can ultimately lead to
infection or even death (Algie et al., 2015). Numerous studies from around the world
have identified pulmonary aspiration as one of the most common causes of anesthesia-
related fatality, and the risk remains a major area of concern for airway management
specialists (Auroy et al., 2009; Cook et al., 2011; Robinson & Davidson, 2014).

For procedures that are planned in advance, complications associated with gastric
content are normally circumvented by having the patient abstain from eating or drinking
for several hours beforehand. Of course, these restrictions cannot be enforced for
patients who must undergo urgent, unplanned operations such as trauma surgery or
emergency caesarean section. Many times, additional risks are present even in non-
emergency situations. For example, patients with intestinal obstruction or

gastroesophageal reflux disease naturally have an increased risk of pulmonary aspiration



by virtue of their health condition (Guirro et al., 2012). Therefore, extra precautions must
be taken when caring for these high-risk patients. Over the years, numerous procedures
have been developed in order to ensure these patients’ safety, including a maneuver

called cricoid pressure.

Initial Evidence for Application of Cricoid Pressure

First publicized by anesthesiologist Brian Arthur Sellick in 1961, cricoid pressure
(CP), also known as Sellick’s maneuver, is a procedure that results in temporary
occlusion of the esophagus by the cricoid cartilage, one of the three unpaired cartilages in
the neck. Figure 1 illustrates the position of the cricoid cartilage in relation to other
anatomical components within the tracheobronchial tree. To perform CP, Sellick
instructed that the cricoid cartilage should be loosely held between the thumb and second
finger while the index finger is used to apply backward pressure (Sellick, 1961). A
demonstration of cricoid pressure is shown in Figure 2. Because the upper end of the
esophagus lies directly behind the cricoid cartilage, applying pressure to the cricoid
cartilage should compress the esophagus against the vertebral body of the sixth cervical
vertebra (C6) (Landsman, 2004; Sellick, 1961).

According to Sellick, cricoid pressure has two main functions: (1) to prevent
inflation of the stomach with air and (2) to impede the passage of any gastric content
from entering the respiratory tract (Landsman, 2004; Sellick, 1961). Both functions

should discourage the occurrence of regurgitation and aspiration.
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Figure 1. Anatomy of the cricoid cartilage. The cricoid cartilage is situated anterior to
the esophagus at the level of C6. It marks the superior end of the trachea and is the only
complete ring of cartilage in the upper respiratory tract. Because it is composed of

hyaline cartilage, the cricoid cartilage may become increasingly ossified with age. Figure
taken from (Drevet, Conti, & Deslauriers, 2016).

In his first publication, Sellick (1961) promoted the use of CP by describing its
efficacy on a cadaver with a stomach filled with water. Applying a certain amount of

pressure to the cricoid cartilage sufficiently prevented regurgitation of liquid into the



pharynx, even when the body was placed in a Trendelenburg tilt (body in supine position
with feet elevated above the head) (Sellick, 1961). Furthermore, it was observed that the
rate of water flowing into the respiratory tract could be controlled by altering the amount
of force exerted (Sellick, 1961).

After the initial success with the cadaver, additional tests were completed on 26
surgical patients deemed to be at high risk of aspiration (Sellick, 1961). These patients
were scheduled to undergo a variety of different procedures, including laparotomy,
gastrectomy, and forceps delivery. Each patient was placed in a supine position with
head and neck fully extended and pointing slightly downward. Of the 26 patients, 23 did
not experience any gastric regurgitation before, while, or after CP was performed
(Sellick, 1961). For the remaining three patients, no regurgitate occurred before or
during CP application. However, these three patients did immediately regurgitate upon
release of pressure, implying that the technique had indeed been effective in preventing

reflux (Sellick, 1961).



Figure 2. Demonstration of cricoid pressure. This image demonstrates the three fingers
CP technique originally recommended by Sellick. In today’s healthcare landscape,
different clinicians perform CP with alterations in technique. However, the primary
purpose of anteroposteriorly compressing the esophagus remains the same. Figure taken
from (Stewart, Bhananker, & Ramaiah, 2014).

Although these demonstrations of CP seem to suggest that it is an effective
maneuver, this observational study by Sellick (1961) must be viewed and analyzed within
its limitations. For many reasons, Sellick’s research methods were unsound and
unreliable. The study featured a small sample size, did not randomize patients, and
lacked a control group. The study also failed to standardize subjects or include precise
descriptions of the induction and intubation process. For example, Sellick (1961) wrote
only that “firm” or “moderate” pressure should be exerted on the cricoid without

specifying a precise, measurable force. Additionally, few details were included regarding



the specific dosage and sequence of administration of drugs. In their published form,
Sellick’s instructions on how to perform the maneuver omitted significant details that
allowed for immense variability in technique. Addressing these deficiencies would have
bolstered the credibility of the study and enabled other researchers and clinicians to
replicate the results.

Nevertheless, despite these numerous limitations, the study by Sellick (1961)
became highly influential. Upon its introduction, the cricoid pressure maneuver was well
received and widely adopted by the medical community because it was viewed as a
potentially lifesaving maneuver that required little additional effort. In Sellick’s own
words, “The nurse or midwife accompanying the patient can be shown in a few seconds
how to do [cricoid pressure]” (Sellick, 1961). Thus, buoyed by its straightforward logic
and seemingly simple technique, cricoid pressure quickly became an integral component
of airway management (Algie et al., 2015). Shortly thereafter, the technique was even
included as a core feature of a new procedure known as rapid sequence induction and

intubation.

Advent of Rapid Sequence Induction and Intubation

Rapid sequence induction and intubation (RSII) is a method of preparing patients
for surgery and was originally developed in 1970 by anesthesiologists Dr. William Stept
and Dr. Peter Safar. The purpose of RSII is to intubate high-risk patients while
minimizing the chance of pulmonary aspiration. In order to accomplish this goal, the two

authors established RSII as a 15-step procedure that minimizes the period of time from



when the patient loses protective airway reflexes until the trachea is fully intubated (EI-
Orbany & Connolly, 2010). As such, RSII significantly differs from the normal process
of induction and intubation in many ways, including its application of cricoid pressure.

Although the study by Sellick (1961) on the merits of cricoid pressure helped it to
become a commonly used procedure in the years following, many clinicians were
erroneously performing the maneuver on patients (Stept & Safar, 1970). Specifically,
Stept and Safar (1970) noted that airway management specialists frequently applied CP
with incorrect timing. According to their recommendations, pressure should be applied
to the cricoid after the patient loses consciousness. Cricoid pressure should then be
released once two conditions are met: (1) the trachea has been successfully intubated and
(2) the endotracheal cuff has been inflated (Stept & Safar, 1970). However, any further
information on the specifics of CP technique, such as the amount of force to apply or
which hand to use, was not provided.

In addition to cricoid pressure, Stept and Safar (1970) also described other
methods and techniques that would improve patient outcomes. Notably, during RSII,
clinicians are advised to pre-oxygenate the patient with 100% oxygen in order to saturate
the functional residual capacity of the lungs (Algie et al., 2015; Stept & Safar, 1970).
Furthermore, following rapid administration of the induction and paralytic medication,
positive pressure ventilation (PPV) is avoided until after the patient experiences full
paralysis, the larynx is exposed, and the trachea is intubated (Stept & Safar, 1970). These
modifications are undertaken to avoid insufflating the stomach with air, which could lead

to gastric regurgitation.



The RSII procedure, as outlined by Stept and Safar (1970), proved to be quite
effective. During the two years prior to publication, the authors used their RSII
procedure to successfully intubate 80 patients with full stomachs, none of whom suffered

any complications.

Current Use of Cricoid Pressure During Rapid Sequence Induction and Intubation

Today, rapid sequence induction and intubation is a routine procedure employed
by airway management specialists around the world. In fact, a multicenter study of 31
academic and community hospitals across the United States documented a total of 8,937
intubations performed by emergency department personnel (Walls et al., 2011). These
authors determined that RSII was the first method of intubation chosen in 69% of these
cases and was ultimately used in 84% of all recorded encounters (Walls et al., 2011).
The results of this particular publication are corroborated by other studies which have
concluded that RSII is the single most commonly used method of intubation in
emergency situations (Sakles et al., 1998).

Similarly, cricoid pressure is also extremely commonplace. A survey of
anesthetic assistants in the United Kingdom found that the majority (69%) of participants
reported performing cricoid pressure at least once every day and that an additional 16%
reported performing CP several times a week (Meek et al., 1999).

Furthermore, RSII and cricoid pressure are now heavily intertwined — CP is most
frequently performed as part of RSII and almost all instances of RSII involve the use of

CP. In arecent study of 55 anesthesiologists at a major teaching hospital in Brazil, all of



the responding physicians reported using CP during RSII (Guirro et al., 2012). Another
survey of clinicians at 255 National Health Service hospitals in the United Kingdom
showed that 92% of anesthesiologists always perform CP during RSII (Sajayan et al.,
2016). The remaining 8% were more discriminate in that they chose to apply cricoid
pressure only in certain cases (Sajayan et al., 2016). Regardless, it is evident that the use
of cricoid pressure during RSII has become the standard of care when intubating patients

who face a high risk of gastric regurgitation (Stewart et al., 2014).

Discrepancies in Cricoid Pressure Technique

Although cricoid pressure has enjoyed widespread acceptance, it has not enjoyed
widespread standardization. The same studies that demonstrate the prevalence of CP also
affirm the fact that significant variations exist between the ways different healthcare
providers are taught to perform the maneuver. A clear example can be found in the
aforementioned study of anesthesiologists in Brazil. When asked at what point during the
RSII process they begin applying CP, 49% reported starting to exert force once the
patient was unconscious (Guirro et al., 2012). However, almost the same number
(47.2%) said they apply CP when the patient was sleepy, and 3.8% reported applying CP
while the patient was still awake (Guirro et al., 2012). As for when the anesthesiologists
release CP, 69.2% of respondents aligned with Stept and Safar’s guidelines. That is, they
release pressure after the endotracheal cuff has been inflated and intubation has been
confirmed (Guirro et al., 2012). However, a considerable portion (30.8%) reported

releasing pressure when only the cuff was inflated (Guirro et al., 2012). Finally, when



questioned about exactly how much force in newtons (N) should be applied to the cricoid
cartilage, almost 80% admitted that they did not know the right answer (Guirro et al.,
2012). Other studies that have delved into this issue on force returned results ranging
anywhere from 10 to 50 N (Meek et al., 1999).

Unfortunately, these discrepancies in CP technique are not only limited to
Brazil. Another study of attending physicians, residents, and nurses of the Emergency
Department at the University of Michigan (Ann Arbor, MI) uncovered large deficits in
theoretical knowledge and practice of CP. Of the 83 participants, close to 30%
inaccurately believed that the cricoid pressure maneuver is applied to both the cricoid and
the thyroid cartilages, instead of just the cricoid cartilage (Nafiu, Bradin, & Tremper,
2009). Like their counterparts in Brazil, most were not able to cite the recommended
amount of force that should be exerted. Perhaps even more surprising, a significant
majority (78.3%) disclosed that they had never received any formal training on the proper
way to apply CP (Nafiu et al., 2009). Similar studies of airway management specialists
in the United Kingdom concur with the fact that many of the healthcare providers who
are tasked with administering cricoid pressure either are not adequately trained or are not

fully aware of all the intricacies of the maneuver (Meek et al., 1999; Sajayan et al., 2016).

Current Controversies of Cricoid Pressure
In addition to the wide variations in cricoid pressure technique, there is now
increasingly more debate regarding the benefits, the efficacy, and even the safety of the

maneuver. The various limitations inherent in the study by Sellick (1961) are now
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widely recognized and documented (Bhatia, Bhagat, & Sen, 2014; Priebe, 2009). Recent
reports have surfaced of instances in which gastric regurgitation and aspiration occurred
even when CP had been applied (Fenton & Reynolds, 2009; Robinson & Thompson,
1979; Schwartz, Matthay, & Cohen, 1995). Moreover, the availability of modern
imaging techniques has allowed healthcare providers and other researchers to take a
closer, evidence-based look into the merits of cricoid pressure. Accordingly, many are
disputing the original anatomical basis of the procedure: its ability to adequately occlude
the esophagus (Boet et al., 2012; Smith, Dobranowski, Yip, Dauphin, & Choi, 2003;
Smith, Ladak, Choi, & Dobranowski, 2002).

As a result, the medical community is now frequently at odds over almost every
aspect of the procedure, perhaps contributing to the perceived lack of sound theoretical
and practical knowledge among healthcare providers. For example, few can agree on the
appropriate amount of pressure to exert. Peer-reviewed recommendations estimate that
the applied force should be anywhere from 10 N to over 44 N (Vanner & Asai, 1999;
Wraight, Chamney, & Howells, 1983). Further disagreements revolve around how to
adapt CP for pediatric patients, which hand to use, and even whether or not CP should be
used at all.

Opponents of the maneuver argue that it is not necessarily beneficial. In their
view, the advent of cricoid pressure was primarily based on intuition and is currently
lacking in scientific validation, associating CP with “pseudoscience” (Jackson, 1996;
Maltby & Beriault, 2002). They also contend that because cricoid pressure is seldom

performed correctly, it can result in injures to the neck and throat. Some healthcare
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providers have even gone so far as to personally refrain from applying cricoid pressure in
their own practices (Priebe, 2005).

Conversely, proponents proclaim that application of cricoid pressure is the
“lynchpin of physical prevention” of regurgitation (Rosen, 1981). Although they
acknowledge that controversy surrounds many aspects of the procedure, they believe the
evidence rules in favor of its continued use. That is, cricoid pressure should still be
viewed and treated as the standard of care. They argue that to deprive patients of the
maneuver places them at increased risk of pulmonary aspiration and essentially
constitutes malpractice (Priebe, 2005).

Perhaps unsurprisingly, these debates are remarkably polarized and have even
permeated into legal proceedings. Most notably, a judge in the United Kingdom sided
against an anesthesiologist who chose not to apply CP to a patient who ultimately
suffered pulmonary aspiration (Vanner, 2009). In the decision, the judge argued, “We
cannot assert that CP is not effective until trials have been performed, especially as it is
an integral part of anesthetic technique that has been associated with a reduced maternal
death rate from aspiration since the 1960’s” (Vanner, 2009).

Modern advancements in intubation protocol and recent publications
contradicting the reliability of CP have engendered the need to reevaluate its true
effectiveness and safety. Therefore, this thesis will review the ongoing controversy

surrounding the use of cricoid pressure during rapid sequence induction and intubation.
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SPECIFIC AIMS

The use of cricoid pressure to prevent pulmonary aspiration is a standard, yet
highly questionable procedure. In order to evaluate the use of cricoid pressure during
rapid sequence induction and intubation on high-risk patients, this thesis will:

(1) Analyze the current literature to determine the effectiveness of the cricoid
pressure maneuver.

(2) Examine available data to establish a standardized protocol for cricoid
pressure application that optimizes patient outcomes.

(3) Assess the current state of the cricoid pressure controversy to determine

whether or not cricoid pressure should continue to be applied to patients.
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EFFICACY OF CRICOID PRESSURE IN PREVENTING GASTRIC

REGURGITATION

Evidence in Favor of the Use of Cricoid Pressure

The primary purpose of the cricoid pressure maneuver is to minimize the chances
of gastric regurgitation during the intubation process, especially for high-risk patients.
Initial evidence that CP is apt to accomplish this goal came from the likes of Sellick
(1961) and Stept and Safar (1970). These anesthesiologists demonstrated its reliability
and helped pioneer its widespread use by successfully applying CP in a combined total of
106 surgical patients, all without any complications. Similar studies followed. Further
demonstrations of CP were shown to be effective in adult cadavers (Fanning, 1970),
infant cadavers (Salem, Wong, & Fizzotti, 1972), and in the presence of a
nasogastric/orogastric tube (Salem et al., 1985). Individual reports of live patients
immediately regurgitating upon release of CP also helped to establish credibility
(Neelakanta, 2003).

However, much of the aforementioned evidence is based on either cadaver
demonstrations or case reports (Vanner, 2009). Although these studies associate the use
of CP with successful intubation sans the occurrence of regurgitation, they are not
experimentally conclusive. Therefore, one group of experts attempted to isolate the
effects of CP by reviewing published studies in which the same patient was evaluated

both with and without CP (Salem, Khorasani, Zeidan, & Crystal, 2017). The authors
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excluded studies in which gastric insufflation did not occur in the absence of CP and
determined that CP prevented gastric insufflation in 87 of 88 cases (Salem et al., 2017).
Nevertheless, it is important to note that Salem et al. (2017) analyzed the effect of
CP on gastric insufflation, not gastric regurgitation. Gastric insufflation is known to
cause gastric regurgitation. The authors argue that there is no reason to believe CP is not
bidirectional, so if CP is effective in preventing air from entering the stomach, it should
also be effective in preventing gastric content from leaving the stomach and entering the

pharynx (Salem et al., 2017).

Evidence Against the Use of Cricoid Pressure

Much of the evidence against the use of cricoid pressure stems from reports of
regurgitation and aspiration occurring even when CP was applied (Vanner, 2009). Initial
instances of this phenomenon were recorded and published as case studies (Robinson &
Thompson, 1979). Later studies with larger sample sizes soon followed. For example,
one group of investigators collected data from 4,891 caesarean sections performed in 27
hospitals across Malawi (Fenton & Reynolds, 2009). All analyzed operations involved
intubation, and 61% of all intubations involved cricoid pressure. In total, 30 (0.6%) of
the patients regurgitated or vomited upon induction of anesthesia. Of these 30 patients,
24 (80%) had been given cricoid pressure (Fenton & Reynolds, 2009). Furthermore, a
total of 10 deaths were caused by issues associated with regurgitation. Nine of these 10

operations featured cricoid pressure (Fenton & Reynolds, 2009). With the results from
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this investigation, the authors concluded that cricoid pressure had not been effective in
decreasing the risk of gastric regurgitation (Fenton & Reynolds, 2009).

Many other studies also lend credence to the argument that CP is not entirely
effective in preventing regurgitation. In a study of 297 critically ill adults who underwent
intubation, researchers uncovered signs of aspiration in 12 patients, or about 4%
(Schwartz et al., 1995). Pressure had been exerted on the cricoid cartilage in 9 of the 12
patients (Schwartz et al., 1995).

Other investigators have sought to determine the prevalence of regurgitation
during use of CP through another method: asking healthcare providers directly. In a
questionnaire given to anesthetists from both the United States and the United Kingdom,
participants were asked if they had ever witnessed a patient regurgitate while CP was
applied (Howells, Chamney, Wraight, & Simons, 1983). Of the anesthetists from the
UK, 14% answered affirmatively; 11% of their US counterparts concurred (Howells et
al., 1983). These numbers are in line with data from a more recent survey featuring 20
anesthetic assistants, 3 of whom (15%) disclosed that they had seen regurgitation during
CP (Cook, Godfrey, Rockett, & Vanner, 2000).

However, of those who answered positively in the two aforementioned surveys, it
is unclear how many times or with what frequency these healthcare providers witnessed
the phenomenon. Some researchers suggest the phenomenon is quite rare, usually only
occurring once in a career (Salem et al., 2017). Regardless, these types of data are
frequently referenced by opponents of cricoid pressure who argue that the maneuver is

largely ineffective.
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Of course, the fact that regurgitation occasionally coincides with CP application
does not necessarily prove that CP is ineffective in preventing regurgitation. Cricoid
pressure is generally only used on high-risk patients who naturally face higher chances of
regurgitation. Therefore, the issue is not whether CP can completely eliminate the
incidence of regurgitation, but whether CP can simply lessen its frequency of occurrence.
Nevertheless, some researchers believe that cricoid pressure can actually increase the risk
of regurgitation (Brimacombe & Berry, 1997). Data from the studies described above are

not particularly well-suited to resolve this issue.

Does Cricoid Pressure Reduce the Incidence of Gastric Regurgitation?

Even though some studies unequivocally fall on one side of the debate, many
others are still uncertain as to whether or not cricoid pressure prevents regurgitation. The
matter is quite complex and is further muddled by the quality of evidence and arguments
on both sides. Given the wide discrepancies seen in CP technique, it is unclear whether
procedural variations or improper technique had any influence on research findings.
Additionally, the majority of data cited by proponents as well as opponents of the
maneuver stems from individual case reports, cadaver studies, and observational studies.
Although these types of publications are important and can offer insight into the debate,
they are not experimentally reliable.

However, due to ethical concerns and practicality constraints, investigators are
unable to plan and conduct a randomized control experiment featuring either a within-

subjects or between-subjects design. Plus, even if such an experiment were to be
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conducted, it would likely not yield any definitive or illuminative results because the
incidence of regurgitation and aspiration is already quite low (Bhatia et al., 2014). By
some calculations, pulmonary aspiration affects approximately 1 in every 2000-3000
patients undergoing general anesthesia (Mellin-Olsen, Fasting, & Gisvold, 1996;
Neilipovitz & Crosby, 2007; Warner, Warner, & Weber, 1993). Moreover, the rate is
approximately 4.1 times lower in elective surgeries (1:3303) than in emergency surgeries
(1:809) (Mellin-Olsen et al., 1996). With these numbers in mind, Neilipovitz and Crosby
(2007) estimated that a statistically significant study would easily require a sample size in
the tens of thousands.

In light of these potential problems, a number of experts have concluded that there
is insufficient evidence to either prove or disprove the effectiveness of CP (Ellis, Harris,
& Zideman, 2007) and have called for further studies (Brimacombe & Berry, 1997).
Meanwhile, they suggest that the decision to use CP be made on a case-by-case or
situational basis (Ellis et al., 2007; Neilipovitz & Crosby, 2007). That is, cricoid pressure
should initially be applied to high-risk individuals, but healthcare providers should
consider immediately reducing or removing pressure if they believe CP is causing any
complications in the intubation or ventilation process (Ellis et al., 2007; Neilipovitz &
Crosby, 2007).

Although a study to directly test the effect of CP on regurgitation and aspiration
rates seems generally infeasible, the ability of CP to enhance patient safety could
potentially be measured in other more indirect ways. After all, cricoid pressure is

fundamentally a maneuver based on human anatomy. Therefore, the following section
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will focus on the anatomical basis of cricoid pressure and its effectiveness in occluding

the esophagus.
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EFFICACY OF CRICOID PRESSURE IN OCCLUDING THE ESOPHAGUS

Cricoid pressure is fundamentally predicated on the assumption that applying
force to the cricoid cartilage will compress the esophagus against the C6 vertebra. This is
possible because the esophagus is narrow and flexible, whereas the cricoid is relatively
stiff and inflexible. When pressure is applied correctly, the cricoid should completely
occlude the esophagus and prevent passage of gastric and esophageal content in either
direction.

When Sellick (1961) introduced cricoid pressure to the medical community, little
research was completed to determine whether or not the esophagus was in fact occluded.
The reasoning behind CP was logical, and most in the field trusted that Sellick’s
demonstrations had aptly tested its potency. Hence, CP initially entered into mainstream
use on the back of common sense rather than scientific validation.

With the recent emphasis placed on evidence-based medicine and the advent of
imaging techniques such as computed tomography (CT) and magnetic resonance imaging
(MRI) scans, investigators have sought to confirm that the esophagus is truly occluded

during cricoid pressure. However, early studies cast doubt on this possibility.

Evidence Against the Use of Cricoid Pressure

If exerting backward force on the cricoid cartilage is to sufficiently occlude the

esophagus, then the underlying assumption is that the cricoid cartilage should be
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positioned directly anterior to the esophagus, which should be positioned anterior to C6.
All three structures should lie on the same horizontal plane.

Vanner and Pryle (1993) tested this hypothesis and noticed that during CP, the
amount of pressure behind the cricoid was not uniform. Lateral areas of the pharyngeal
lumen recorded substantially less pressure than medial areas. By analyzing CT scans of
the neck with and without CP, they discovered that the lumen of the pharynx is crescent-
shaped (Vanner & Pryle, 1993). For this reason, backward pressure on the cricoid
cartilage only compresses part of the pharyngeal lumen. The authors also discovered that
applying CP can laterally displace the cricoid cartilage (Vanner & Pryle, 1993).

Following a similar research thread, subsequent studies examined the anatomical
relationship between the cricoid cartilage and the esophagus. Specifically, Smith et al.
(2002) conducted a retrospective analysis of 51 CT scans of the neck. Together, their
patient sample had a mean age of 53 years, a mean esophageal diameter of 23.7 mm, and
a relatively even split between males and females (Smith et al., 2002). In the absence of
CP, Smith et al. (2002) found that the cricoid cartilage and the esophagus were laterally
misaligned in 25 subjects, or about 49%. Among those 25 subjects, the esophagus was
laterally displaced relative to the midline of the cricoid cartilage by an average of 3.3 mm
(Smith et al., 2002). Figure 3 displays a histogram of lateral displacement as a

percentage of total esophageal width.
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Figure 3. Histogram of esophageal displacement. Close to half (25/51) of all analyzed
subjects showed an esophagus that was laterally deviated from the midline of the cricoid
cartilage. The mean deviation was measured at 3.3 = SD 1.3 mm. The mean esophageal
diameter was 23.7 £ SD 5.8 mm. This histogram shows the frequency and extent of
lateral deviation as a percentage of the total esophageal diameter. Of those who exhibited
displacement, almost half had at least 15% of their esophageal diameter displaced.

Figure adapted from (Smith et al., 2002).

Another interesting finding is that when displacement of the esophagus was
present, it was toward the left side of the body for 92% of patients (Figure 4); the
remaining 8% showed displacement toward the right (Smith et al., 2002). No statistically
significant differences in age, sex, or esophageal diameter were detected between those

who exhibited lateral displacement and those who did not (Smith et al., 2002).

22



Figure 4. Lateral displacement of the esophagus. This CT scan of the neck shows 1.5
mm of lateral esophageal displacement toward the left side of the body, measured from
the midline of the cricoid cartilage to the midline of the esophagus. AJ = anterior jugular
vein; C = carotid artery; Cr = cricoid cartilage; E = esophagus; 1J = internal jugular vein;
SCM = sternocleidomastoid muscle; Th = thyroid gland; VB = vertebral body. Figure
taken from (Smith et al., 2002).

Additionally, Smith et al. (2002) analyzed a number of CT scans that were
excluded from their study because of extreme pathology. These included patients with
masses in the neck, such as thyroid tumor or lymphoma, which caused nearly complete
displacement of the esophagus. The authors concluded that for these patients, the use of
CP not only would be ineffective but could actually distort the airway and create potential
problems during intubation (Smith et al., 2002).
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Although Smith et al. (2002) returned many remarkable results, their study was
unable to determine the efficacy of CP. The following year, Smith et al. (2003)
conducted another study using MRI scans to examine the effect of CP on the anatomy of
the esophagus. The authors concluded that applying CP increased the esophageal
diameter by 1.0 £ 4.9 mm and moved the esophageal midline to the left by 3.5 + 5.4 mm
(Smith et al., 2003). In line with the previous study, Smith et al. (2003) also confirmed
lateral displacement of the esophagus in 53% of subjects without CP. However, this
number increased to 90.5% when CP was applied (Smith et al., 2003). Figure 5
illustrates how CP affects the position of the esophagus.

Lateral deviation of the esophagus is significant because it could cause
incomplete occlusion of the esophagus and could explain why gastric regurgitation might
still occur during CP. Boet et al. (2012) used MRI scans on conscious volunteers to
determine that incomplete esophageal occlusion was always associated with lateral
displacement of the esophagus. In fact, none of their subjects who had their esophagus
fully occluded showed any lateral displacement (Boet et al., 2012). They concluded that
lateral displacement of the esophagus can hinder the ability of CP to occlude the

esophagus, directly questioning the anatomical basis of cricoid pressure.
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Figure 5. Cricoid pressure laterally displaces the esophagus. Image (A) is an MRI
scan of the neck without cricoid pressure. The application of cricoid pressure during
image (B) causes the esophagus to be displaced 12.1 mm toward the left side of the body.

C = cricoid cartilage; E = esophagus; VB = vertebral body. Figure taken from (Smith et
al., 2003).
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Evidence for the Use of Cricoid Pressure

The study by Smith et al. (2003) was also remarkable for its conclusion that the
esophagus is not technically posterior to the cricoid cartilage. Of the 19 MRI scans that
were available, only one clearly showed the esophagus at the level of the cricoid. In the
other 18 individuals, the esophagus was 10.3 + 4.5 mm inferior to the cricoid (Smith et
al., 2003). This evidence helped determine that the part of the alimentary canal which
lies directly behind the cricoid cartilage is actually the cricopharyngeus muscle, not the
esophagus.

The cricopharyngeus muscle (or postcricoid hypopharynx) refers to the entrance
of the esophagus and forms part of the upper esophageal sphincter. Because the
postcricoid hypopharynx lies behind the cricoid cartilage, the position of the esophagus is
more or less inconsequential to the efficacy of CP (Rice et al., 2009). In other words, the
anatomical basis of CP depends on occlusion of the postcricoid hypopharynx and not
occlusion of the esophagus as previously believed.

Rice et al. (2009) examined MRI scans of the neck and confirmed that the
hypopharynx sits directly posterior to the cricoid cartilage. Moreover, they determined
that the position of the hypopharynx is fixed relative to the cricoid, which results in the
two components moving and functioning as a single anatomical unit (Rice et al., 2009).
This structure is referred to as the CP unit. As shown in Figure 6, applying pressure to
the cricoid cartilage occludes the hypopharyngeal lumen, even when the CP unit is

laterally displaced from the vertebral body (Rice et al., 2009).
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Figure 6. Cricoid pressure compresses the postcricoid hypopharynx. Image (A) is an
MRI scan of the postcricoid hypopharynx (arrow) without CP application. Image (B)
shows compression of the postcricoid hypopharynx (arrow) during CP. The application
of CP in image (C) demonstrates that the hypopharynx is compressed even when the CP
unit s lateral to the midline of the vertebral body. Image (D) is an MRI of the neck 2 cm
inferior to the hypopharynx that indicates the esophagus (arrow) is laterally displaced
relative to the vertebral body. Interestingly, image (D) corroborates the conclusion of
Smith et al. (2003) that CP laterally displaces the esophagus. However, because the
esophagus is inferior to the cricoid cartilage, its position is irrelevant to the efficacy of
CP. Figure taken from (Rice et al., 2009).
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According to Rice et al. (2009), the hypopharynx has a mean anteroposterior
diameter of 7.3 £ 1.9 mm without CP. With CP, the diameter decreases by an average of
35%, which corresponds to a range of 2.6 + 1.2 mm (Rice et al., 2009). Based on
previous estimates of the thickness of the hypopharynx walls, Rice et al. (2009) were able
to conclude that CP sufficiently occludes the hypopharynx lumen.

Therefore, initial assessments that CP occludes the esophagus are technically
incorrect. However, what is correct is the assumption that applying force to the cricoid
cartilage occludes the alimentary canal behind it. Ultimately, this means that CP is still
anatomically capable of preventing gastric regurgitation, and further evaluation and

discussion of its protocol are warranted.
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EVALUATION OF CRICOID PRESSURE PROTOCOL

The evidence that cricoid pressure can occlude the conduit between the pharynx
and stomach is surely encouraging to proponents of the maneuver. However, this does
not displace the fact that clinicians today perform CP with considerable and many times
unsafe variations in technique. For example, Brisson and Brisson (2010) observed 32
different healthcare providers applying CP and recorded 10 different techniques. Some
of the misapplications they noted, such as exerting pressure on the wrong structure, had
the potential to harm patients (Brisson & Brisson, 2010).

A possible contributing factor to this variation is that researchers in the field have
published protocols which offer conflicting recommendations. Continued acceptance and
use of CP depend on the ability of researchers to update and disseminate a standardized
protocol by which clinicians can adhere. This section will analyze competing
recommendations pertaining to some of the more pressing aspects of CP and attempt to

establish a consensus protocol.

Beginning Cricoid Pressure

Regarding when CP should begin, Sellick (1961) wrote that moderate pressure
can be applied on a conscious patient and firm pressure can be applied once the patient
experiences loss of consciousness (LOC). In their publication on RSII, Stept and Safar
(1970) echoed part of these recommendations and instructed that firm pressure be applied

with LOC. Unlike Sellick, Stept and Safar did not specify that any force should be
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exerted while the patient is still conscious. Understandably, the discrepancies between
Sellick (1961) and Stept and Safar (1970) helped breed confusion.

Although there was previously much disagreement, there seems to at least be a
general consensus in the literature today. In what is frequently cited as the definitive
recommendation for safe use of CP, Vanner and Asai (1999) argue that cricoid pressure
should be lightly applied immediately before induction of anesthesia while the patient is
still awake. Full pressure should be exerted once the patient loses consciousness (Vanner
& Asai, 1999).

There are many reasons for this two-tier approach. The patient is especially
susceptible to aspiration after LOC because this condition coincides with the loss of
protective airway reflexes (ElI-Orbany & Connolly, 2010). Therefore, full-pressure CP is
needed as soon as LOC occurs. However, it has been shown that the upper esophageal
sphincter reduces in tone before LOC (Vanner, Pryle, O’Dwyer, & Reynolds, 1992).
This reduction in tone also leaves the patient susceptible to aspiration. Hence, CP should
be initiated simultaneously or just prior to injection of the induction agent. Additionally,
this method presumably readies the healthcare providers and places them in a better
position to act once LOC occurs. Another reason will be discussed in the following

section on cricoid force.

Releasing Cricoid Pressure
Regarding when CP should end, there is little disagreement. Recommendations in

the literature agree that CP can be released once intubation is confirmed and the
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endotracheal cuff is inflated (El-Orbany & Connolly, 2010; Sellick, 1961; Stept & Safar,

1970).

Determining Cricoid Force in Adult Patients

The issue of how much cricoid force (CF) patients should receive is quite
complex. The simple answer is that enough CF should be exerted to sufficiently prevent
regurgitation. However, the issue is further complicated because of individual
differences in anatomy and the fact that most problems associated with CP occur when
too much force is used (Vanner & Asai, 1999). Of course, too little force would
essentially render the maneuver meaningless. The safest solution would be for airway
management specialists to personalize and tailor CF to each individual patient. However,
the impractical nature of this setup during emergency situations justifies the need for
general guidelines that could apply to a wide range of patients.

Initial reports of CP are vague and unspecific about how much CF to use, with
ambiguous words such as “firm” and “moderate” (Sellick, 1961; Stept & Safar, 1970).
For many years, research into the matter revolved around intragastric pressure.
Investigators worked on the premise that regurgitation only occurs when the intragastric
pressure exceeds the pressure of the lower esophageal sphincter, which caused estimates
to err on the high side. Specifically, Wraight et al. (1983) recommended applying at least
44 N, which they determined would be adequate for most patients. High-risk patients, or
those with especially high intragastric pressure, would require even more force, perhaps

66 N (Wraight et al., 1983).
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However, later studies concluded that intragastric pressures for patients in the
supine position rarely exceed 25 mmHg (Vanner & Asai, 1999). Even during emergency
obstetric surgery on a full stomach, the mean intragastric pressure is about 11 mmHg and
99% of patients will have an intragastric pressure below 25 mmHg (Hartsilver, Vanner,
Bewley, & Clayton, 1999). According to some studies, 20 N can prevent regurgitation in
a stomach up to 25 mmHg of pressure and 30 N can prevent regurgitation up to 40
mmHg (Vanner & Pryle, 1992).

Later studies also uncovered the harmful effects of excessive force. A force over
20 N is uncomfortable for conscious patients and can lead to retching (Vanner, 1992). A
force over 40 N can obstruct the airway and make intubation more difficult (Allman,
1995; Vanner, 1992). These complications reaffirm the need for a two-tier approach in
which full CF is not exerted until the patient is unconscious.

Although previous research on CF has focused on intragastric pressure, new
studies on the matter are increasingly relying on imaging technology. That is,
investigators are using MRI scans and laryngoscopes to pinpoint the CF necessary to
occlude the hypopharynx. In their study that concluded cricoid pressure adequately
occludes the postcricoid hypopharynx, Rice et al. (2009) reportedly applied a force of 20
to 40 N. Initial data using imaging appear to be in line with previous data obtained
through studying intragastric pressure.

Traditionally, very few published studies regarding CF have separated subjects on
the basis of sex. However, one group of investigators recently sought to determine if

there is a difference between males and females in the CF necessary to effectively
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perform CP (Zeidan et al., 2017). In this study, CP was considered effective if a gastric
tube could not be inserted through the alimentary canal and was considered ineffective if
a gastric tube could be inserted. By measuring applied CF with a cricometer, Zeidan et
al. (2017) concluded that there was indeed a sex difference. Males recorded a median CF
of 30.8 N, and females recorded a median CF of 18.7 N, suggesting that a lesser force
could be applied to females (Zeidan et al., 2017). However, the authors did not account
for other possible causes besides simply sex. Further research is needed to determine the
effect of potential third variables such as neck circumference or weight.

Meanwhile, the literature appears to have settled on an appropriate
recommendation regarding cricoid force. Currently, the protocol widely cited in the
literature is that 10 N should be applied while the patient is awake and 30 N should be
applied once the patient loses consciousness (Salem et al., 2017; Vanner & Asai, 1999).
Exerting 10 N of force is not uncomfortable for conscious patients to experience and 30
N occludes the hypopharyngeal lumen for most people. Thus, this guideline is a suitable
middle ground that maintains the airway while balancing patient comfort with patient
safety. However, it is important to note that this is simply a general recommendation and

that individual health conditions should still be taken into account.

Determining Cricoid Force in Pediatric Patients
When cricoid pressure first entered mainstream use, healthcare providers assumed
that the same force used on adult patients could also be used on pediatric patients. Given

what is now known about the dangers of excessive CF, this assumption does not seem
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reasonable. Once the potential harms of excessive force were realized, more focus was
given to determining an appropriate CF for use in children.

One study in particular studied 30 children ranging in age from 3 months to 15
years and ranging in weight from 4 to 66 kilograms (Walker, Ravi, & Haylett, 2010).
The authors performed CP on each subject and recorded the CF necessary to compress
50% or more of the airway (Walker et al., 2010). Their results were grouped according

to age and are displayed in Table 1.

Table 1. Cricoid Force in Pediatric Patients.

Age Range | Number of Patients | Mean Age | Mean CF
(yr) (yr) N)
Group A 0to<l 7 0.43 7.88
Group B 1 to<4 9 2.29 9.19
Group C 4to<8 8 4.72 10
Group D >8 6 12.41 16.22

Table adapted from (Walker et al., 2010).

According to the study’s results, there is a direct linear relationship between age
and CF as well as between weight and CF (Walker et al., 2010). The study also
confirmed that the 30 N exerted on adults is excessive for children and teenagers. For
patients weighing less than 10 kg, a CF of 10 N is enough to significantly distort the
airway. Even in maturing teenagers, a CF over 20 N is rarely necessary. Thus, on the
basis of this study, Walker et al. (2010) concluded that children over 10 years of age

could appropriately be given 15 N of cricoid pressure.
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A more contentious issue is the question of how much CF, if any, should be
applied to younger pediatric patients whose smaller body frames introduce other
problems. On these patients, applying CP with an adult-sized hand can impede the mouth
from opening and hamper proper positioning of the laryngoscope (Salem et al., 2017).
Many in the medical community are of the mindset that applying any CP on these
patients is inappropriate. Along these lines, a pediatric RSII protocol has been proposed
that avoids the use of CP altogether (Weiss & Gerber, 2008). Other healthcare providers
have taken matters into their own hands and personally stopped using CP on children. In
a survey returned by 3098 German anesthetists, only 1.1% still continued to apply CP to
children under 8 years of age (Priebe, 2010). As more studies are published on the use of
CP in pediatric patients, this is sure to be a continuously evolving discussion. However,
until the medical community reaches a consensus, it would be appropriate to avoid

applying CP on younger pediatric patients.

Applying an Accurate Cricoid Force

Theoretical knowledge of how much CF to apply to a specific patient does not
automatically translate into the ability to apply that force. Even if clinicians are aware
that 30 N should be applied to an unconscious adult, it is unlikely that they will be able to
accurately produce 30 N of force every time. Technology to measure real-time CF as it is
being exerted onto a patient is unavailable. Consequently, investigators suggest using a

number of training and calibration techniques.
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Kopka and Crawford (2004) designed a training device that provides users with
real-time biofeedback about applied CF. In their study, 36 anesthesia assistants were
asked to apply 10 and 30 N of force while blinded to the actual force they produced. This
task was repeated after training with the biofeedback device. Before training, 44%
correctly applied 10 N and 28% correctly applied 30 N (Kopka & Crawford, 2004).
After training, these numbers increased to 92% and 100%, respectively (Kopka &
Crawford, 2004).

Similarly, a study by Owen, Follows, Reynolds, Burgess, and Plummer (2002)
proposed a training regimen featuring a force transducer inside a constructed model of a
larynx. Before and after training data from 50 trained healthcare providers showed an
80% improvement in the number of subjects who were able to apply the correct CF
(Owen et al., 2002). For those who may not have access to a specially designed model,
even depressing the plunger of a simple 50-mL syringe has demonstrated success in
improving CF estimation (Flucker, Hart, Weisz, Griffiths, & Ruth, 2000).

Therefore, whatever the training method, it is important for airway management
specialists to regularly calibrate their CP technique. Cricoid pressure is a procedural
skill, and developing an ingrained sense of appropriate CF requires improving muscle

memory through consistent and focused practice.
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Handedness of Cricoid Pressure

When determining which hand to apply cricoid pressure with, there are three
options. CP can be applied with the right hand, with the left hand, or with both hands.
This section will weigh the advantages and disadvantages of each option.

A bimanual technique is the same as a single-handed CP maneuver, but the
procedure features an additional hand on the posterior of the neck. The posterior hand
generates an equal and opposite force to the anterior hand (Hartley, 1993). Use of two
hands is popular on trauma or obstetric patients because it stabilizes the cervical spine
and limits neck movement (Crowley & Giesecke, 1990). However, a bimanual technique
can also complicate laryngoscopic visualization and make intubation more difficult
(Cook, 1996). Therefore, a two-handed CP maneuver is preferred when a patient requires
extra stability, but the technique may be abandoned in favor of single-handed CP if
difficulties arise.

As for the single-handed CP maneuver, the decision to use the right or left hand is
often based on multiple variables, including the handedness/dexterity of the clinician, the
clinician’s training, and even the layout of the room. Most airway management
specialists apply CP with their right hand from the right side of the patient. In a survey of
over 200 anesthetists, 76% reported using their right hand and 17% their left hand; the
other 7% varied their technique (Cook et al., 2000).

However, applying CP with the right hand could make intubation more difficult
because the right arm interferes with the laryngoscope handle (Veall & Swinhoe, 1994).

It has been suggested that this problem could be avoided by applying CP with the left
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hand from the left side of the patient. Of course, the left hand is the non-dominant hand
for the majority of the population, and doing so means clinicians may not have as precise
control over their movements.

Cook et al. (2000) attempted to determine if there was an advantage to using one
hand over the other for applying force over a sustained period of time. They recruited 20
anesthetic assistants. One was left-handed, and 19 were right-handed, but all 20 routinely
applied CP with their right hand. Each subject was asked to apply CP to a roll of
Elastoplast, first with one hand and then with the other. Their applied CF was monitored
continuously for five minutes.

Altogether, the left hands produced an average CF that was 0.4 N less than the
force produced by the right hands (Cook et al., 2000). Although statistically significant,
this difference is not clinically significant. On an individual basis, most participants were
remarkably evenhanded, not displaying a clear difference between left and right. For
those who did record notable differences, the left hand was generally inferior (Cook et
al., 2000). When the handedness of the assistants was factored in, there still was not a
clear distinction between the dominant and non-dominant hand (Cook et al., 2000).
However, this conclusion would be fortified by using a larger sample size with more left-
handed subjects.

Overall, the literature does not indicate a clear preference for either hand in terms
of effectively performing the single-handed CP maneuver. The decision to choose a hand

can be made by the clinician.
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Contraindications Against the Use of Cricoid Pressure

Thus far, the discussion has centered on establishing a safe and standardized
protocol according to which CP should be applied. However, it is equally as important to
understand when to avoid using cricoid pressure.

One of the earliest recognized contraindications against CP is active vomiting.
Sellick (1961) warned that compressing the cricoid cartilage to control vomiting might
damage the esophagus. The pressure that rapidly builds up inside the esophagus would
eventually cause it to rupture at its weakest point, usually in the posterior wall toward the
inferior end (Ralph & Wareham, 1991). Some patients may not show any signs that
indicate they are at risk of vomiting beforehand (Ralph & Wareham, 1991). However, if
vomiting does occur, CP should be removed immediately.

Other conditions that elicit concern are any injury to or pathology associated with
the cervical spine. These include diagnoses such as cervical trauma/fracture, cervical
arthritis, thyroid tumor, or an otherwise immobile neck (Crowley & Giesecke, 1990). For
patients with these health conditions, the fragile nature of the cervical vertebrae warrants
avoidance of CP, or at the very least, prudent application. Specifically, clinicians should
take precautions to avoid worsening the neck by considering a bimanual technique and
applying less than the normally recommended 10N/30N of force.

Another potential contraindication is the presence of a sharp foreign object in the
esophagus. Logically, it would make sense to avoid CP in this situation. However, the
evidence is not as definitive. There have been individual case reports detailing instances

of patients who had an animal bone lodged in their throat being successfully intubated
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using CP (Lewis & Magee, 2003). Additionally, one study found that when a sharp
object was inserted into the postcricoid region of 15 cadavers, intubation with CP did not
result in any damage visible to the naked eye (Canter, Gath, & Harris, 1985).
Nevertheless, it is possible that CP caused microscopic tears that could not have been
visualized without equipment. For that reason, the decision to apply CP in the presence
of a sharp object can be made by the clinician after weighing advantages and

disadvantages.
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DISCUSSION AND FUTURE DIRECTIONS

In determining if and when cricoid pressure should continue to be used, the
medical community needs to address three main criteria. First, CP should be proven as
an effective maneuver that can help prevent gastric regurgitation. Second, there should
be a safe and otherwise harmless method of applying CP. Third, healthcare providers
need to perform CP according to established guidelines. If the medical community can

sufficiently meet all three criteria, then the continued use of CP on patients is justified.

Effectiveness of Cricoid Pressure

One of the foremost issues in evaluating the overall efficacy of cricoid pressure is
determining whether or not CP successfully achieves its main purpose of lowering the
risk of gastric regurgitation and pulmonary aspiration. To this end, it is clear that CP is
incapable of completely eliminating all risk. There are a myriad of publications that
detail the occurrence of regurgitation even when CP is applied. Although eliminating all
instances of regurgitation would be ideal, meeting this high threshold is not necessary in
proving the efficacy of CP. As long as CP can be shown to decrease the incidence of
regurgitation, while not causing any other adverse side effects, the procedure can
continue to be characterized as an effective maneuver.

The trouble then remains in definitively proving that CP can reduce the risk of
regurgitation. To date, there is insufficient evidence to determine this matter one way or
the other. Although there have been plenty of insightful case reports and observational

studies published to support and oppose CP, the one glaring omission in the literature is
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the lack of a randomized controlled experiment. Because of ethical constraints, such an
experiment is highly unlikely to be approved. Even if such an experiment were
conducted, it would not reveal much information on account of practical constraints.
Consequently, the efficacy of CP must then be assessed through other means.

A good place to start is examining the anatomical basis behind cricoid pressure.
At its core, CP is a procedure that impedes passage of gastric and esophageal content
through the alimentary canal by completely occluding the hypopharyngeal lumen. It
makes sense to reason that if the esophagus is occluded with enough force, then content
cannot physically pass through the point of compression in either direction. This
anatomical basis is not only logical and intuitive, but it has also been corroborated by
advanced imaging techniques. Ultimately, this fact is one of the single most convincing
pieces of evidence in support of CP. The ability to compress the superior end of the
esophagus is an observable, tangible effect that offers considerable credibility to the
maneuver. Based on currently available evidence, cricoid pressure can be considered an
effective procedure that helps prevent regurgitation.

At this point, opponents and skeptics of CP may wonder why there is so much
evidence to the contrary if cricoid pressure truly is an effective maneuver. One possible
reason is the very nature and history of CP research. Sellick first publicized CP in 1961.
However, a safe and consistent CP protocol was not widely accepted or even discovered
until the twenty-first century at the earliest. For the almost 40 years after Sellick’s
publication, many investigators debated the effectiveness of CP without first having

developed a standardized technique. As investigators tried to build on previous studies,
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they often did so with varying and imprecise amounts of cricoid force, with erroneous
start/stop times, and with patients who today would be ineligible for the maneuver.
Therefore, early studies on CP should be scrutinized to ensure that these extraneous

factors did not affect the overall conclusion.

Safety of Cricoid Pressure

If cricoid pressure is to be used during rapid sequence induction and intubation,
the procedure must be done in a safe and appropriate way that minimizes harm to the
patient. This goal can best be realized by studying the various differences in CP protocol
and creating a set of guidelines for clinicians to follow.

Historically, experts differed over many aspects of the procedure. However, after
decades of research, there appears to be a general consensus in the literature regarding
some of the more pressing issues. Investigators now agree that for adult and maturing
teenagers, 10 N of CP should be applied just prior to induction while the patient is still
awake. Upon loss of consciousness, the cricoid force should be increased to no more
than 30 N and held until intubation is completed.

Of course, these are simply broad recommendations that do not factor in
individual or situational concerns. Safe use of cricoid pressure should also account for
the patients’ health conditions. For example, it seems prudent to avoid using CP on
younger children and to alter the CF for individuals with neck injuries. CP should not be
used if a patient is vomiting or predicted to vomit. Clinicians should also not hesitate to

relinquish CP if it is suspected to make intubation more difficult. Additionally, there are
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numerous other issues that have not been extensively covered in the literature, such as the
appropriate CF for morbidly obese patients or the use of CP in combination with other
anesthetic techniques.

For these reasons, it is extremely difficult to conclude that cricoid pressure is a
safe maneuver. Conversely, it is extremely difficult to conclude that cricoid pressure is
an unsafe maneuver. Although there are many contraindications and complications
associated with CP, there are also many patients who would truly benefit from this
procedure. Ultimately, the best way to resolve this matter is to devote further research
into the intricacies of cricoid pressure.

In the meantime, the medical community must decide whether or not to continue
applying cricoid pressure. All things considered, it seems reasonable for clinicians to
continue using cricoid pressure as warranted by an individualized risk-benefit analysis of
each patient. That is, cricoid pressure can be employed unless there is a reason not to. If
any difficulties arise during intubation, the immediate abandonment of cricoid pressure

should be considered.

Dissemination of Cricoid Pressure Protocol

Another important issue is the dissemination of a cricoid pressure protocol. In
order for cricoid pressure to be a clinically safe and effective procedure, it is not enough
for researchers in the literature to agree on a standard protocol. Healthcare providers in
the field must also be adequately trained and continually educated about the latest

updates. Many of the current recommendations regarding aspects of CP (such as force,
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timing, and contraindications) have been published in the literature for over a decade.
However, clinicians on the front line still perform cricoid pressure with inconsistent and
sometimes inappropriate variations in technique.

For example, regarding the timing of cricoid pressure, it is currently recognized
that light pressure should be applied just prior to induction. However, almost half of
healthcare providers wait to begin pressure until the patient is fully unconscious (Guirro
et al., 2012). Perhaps more alarming is that over 30% of surveyed anesthesiologists
reported releasing CP prematurely before intubation has even been confirmed (Guirro et
al., 2012).

Similarly, theoretical knowledge in the literature regarding cricoid force has not
always translated into practical knowledge among clinicians. It has been well-
documented that a remarkable percentage of fully licensed and certified airway
management specialists do not know how much cricoid force they should be applying
(Guirro et al., 2012; Meek et al., 1999; Morris & Cook, 2001; Nafiu et al., 2009). Even
among those who do know, many are not regularly calibrating their technique to ensure
accurate force production. These misapplications are not supported by current
guidelines.

Of course, the blame does not solely lie with healthcare providers. There have
been so many debates and so many competing viewpoints published in the past half-
century that it has been hard to separate truth from falsehood. However, as increasingly
more aspects of CP protocol become standardized, healthcare providers have a

responsibility to stay abreast of the most recent updates and bridge the divide between
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research and practice. After all, if the medical community as a whole is unable to
consistently perform cricoid pressure according to established guidelines, whether or not

those guidelines are safe and effective becomes inconsequential.
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CONCLUSION

Cricoid pressure is a widely used technique among airway management
specialists in which force is exerted onto the cricoid cartilage in the neck in order to
occlude the upper end of the esophagus. Its purpose is to prevent the passage of gastric
or esophageal content through the alimentary canal.

Since first being publicized in 1961, cricoid pressure has become the standard of
care when intubating patients who have a full stomach or are otherwise at increased risk
of gastric regurgitation and pulmonary aspiration. However, initial evidence to support
its use was tenuous at best. Furthermore, the lack of a detailed and specific protocol
regarding its application led to widespread and unsafe discrepancies among healthcare
providers. These inconsistencies, combined with an increasing focus on evidence-based
medicine, have caused researchers to devote more attention to studying the overall
effectiveness and safety of cricoid pressure.

Currently, it is not feasible to determine whether the use of cricoid pressure
clearly and explicitly lowers the incidence of regurgitation. However, cricoid pressure
has been proven by advanced imaging technology to successfully occlude the postcricoid
hypopharynx. The confirmation of its anatomical basis is strong evidence that cricoid
pressure is indeed an effective maneuver.

Although attempts have been made to standardize cricoid pressure protocol

among healthcare providers worldwide, this is still an ongoing field of research and the
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source of continuing controversies. At this point in time, a clear and comprehensive set
of guidelines for applying cricoid pressure has not yet been achieved.

Historically, cricoid pressure has had a contentious past and has incited numerous
debates within the medical community. Unfortunately, this is still currently the case and
will be until further research resolves these issues. Although cricoid pressure can be an
effective maneuver, investigators are unsure about the specific conditions under which
this procedure can be considered safe and beneficial or risky and inimical. In light of

these considerations, a cautious approach to applying cricoid pressure is most warranted.

48



REFERENCES

Algie, C. M., Mahar, R. K., Tan, H. B., Wilson, G., Mahar, P. D., & Wasiak, J. (2015).
Effectiveness and risks of cricoid pressure during rapid sequence induction for

endotracheal intubation. In Cochrane Database of Systematic Reviews. John
Wiley & Sons, Ltd. https://doi.org/10.1002/14651858.CD011656.pub2

Allman, K. G. (1995). The effect of cricoid pressure application on airway patency.
Journal of Clinical Anesthesia, 7(3), 197-199.

Auroy, Y., Benhamou, D., Péquignot, F., Bovet, M., Jougla, E., & Lienhart, A. (2009).
Mortality related to anaesthesia in France: analysis of deaths related to airway
complications. Anaesthesia, 64(4), 366-370. https://doi.org/10.1111/j.1365-
2044.2008.05792.x

Bhatia, N., Bhagat, H., & Sen, 1. (2014). Cricoid pressure: Where do we stand? Journal
of Anaesthesiology, Clinical Pharmacology, 30(1), 3—6.
https://doi.org/10.4103/0970-9185.125683

Boet, S., Duttchen, K., Chan, J., Chan, A.-W., Morrish, W., Ferland, A., ... Hong, A. P.
(2012). Cricoid pressure provides incomplete esophageal occlusion associated
with lateral deviation: a magnetic resonance imaging study. The Journal of
Emergency Medicine, 42(5), 606—611.
https://doi.org/10.1016/j.jemermed.2011.05.014

Brimacombe, J. R., & Berry, A. M. (1997). Cricoid pressure. Canadian Journal of
Anaesthesia = Journal Canadien D anesthesie, 44(4), 414-425.
https://doi.org/10.1007/BF03014464

Brisson, P., & Brisson, M. (2010). Variable application and misapplication of cricoid
pressure. The Journal of Trauma, 69(5), 1182—1184.
https://doi.org/10.1097/TA.0b013e3181d2793e

Canter, R. J., Gath, A. M., & Harris, D. (1985). Cricoid pressure and sharp foreign
bodies. Clinical Otolaryngology and Allied Sciences, 10(6), 343-344.

Cook, T. M. (1996). Cricoid pressure: are two hands better than one? Anaesthesia, 51(4),
365-368. https://doi.org/10.1111/j.1365-2044.1996.tb07750.x

Cook, T. M., Godfrey, L., Rockett, M., & Vanner, R. G. (2000). Cricoid pressure: which
hand? Anaesthesia, 55(7), 648—653.

49



Cook, T. M., Woodall, N., Harper, J., & Benger, J. (2011). Major complications of
airway management in the UK: results of the Fourth National Audit Project of the
Royal College of Anaesthetists and the Difficult Airway Society. Part 2: intensive
care and emergency departments. BJA: British Journal of Anaesthesia, 106(5),
632-642. https://doi.org/10.1093/bja/aer059

Crowley, D. S., & Giesecke, A. H. (1990). Bimanual cricoid pressure. Anaesthesia,
45(7), 588-589.

Drevet, G., Conti, M., & Deslauriers, J. (2016). Surgical anatomy of the tracheobronchial
tree. Journal of Thoracic Disease, 8(Suppl 2), S121-S129.
https://doi.org/10.3978/}.1ssn.2072-1439.2016.01.69

Ellis, D. Y., Harris, T., & Zideman, D. (2007). Cricoid pressure in emergency department
rapid sequence tracheal intubations: a risk-benefit analysis. Annals of Emergency
Medicine, 50(6), 653—665. https://doi.org/10.1016/j.annemergmed.2007.05.006

El-Orbany, M., & Connolly, L. A. (2010). Rapid sequence induction and intubation:
current controversy. Anesthesia and Analgesia, 110(5), 1318—1325.
https://doi.org/10.1213/ANE.0b013e3181d5ae47

Fanning, G. L. (1970). The efficacy of cricoid pressure in preventing regurgitation of
gastric contents. Anesthesiology, 32(6), 553-555.

Fenton, P. M., & Reynolds, F. (2009). Life-saving or ineffective? An observational study
of the use of cricoid pressure and maternal outcome in an African setting.
International Journal of Obstetric Anesthesia, 18(2), 106—-110.
https://doi.org/10.1016/j.ij0a.2008.07.006

Flucker, C. J., Hart, E., Weisz, M., Griffiths, R., & Ruth, M. (2000). The 50-millilitre
syringe as an inexpensive training aid in the application of cricoid pressure.
European Journal of Anaesthesiology, 17(7), 443—-447.

Guirro, U. B. do P., Martins, C. R., & Munechika, M. (2012). Assessment of
Anesthesiologists’ Rapid Sequence Induction Technique in an University
Hospital. Brazilian Journal of Anesthesiology, 62(3), 335-345.
https://doi.org/10.1016/S0034-7094(12)70134-4

Hartley, M. (1993). Cricoid pressure and potential spine injuries. Anaesthesia, 48(12),
1113.

Hartsilver, E. L., Vanner, R. G., Bewley, J., & Clayton, T. (1999). Gastric pressure
during emergency caesarean section under general anaesthesia. British Journal of
Anaesthesia, 82(5), 752—754.

50



Howells, T. H., Chamney, A. R., Wraight, W. J., & Simons, R. S. (1983). The application
of cricoid pressure. An assessment and a survey of its practice. Anaesthesia,
38(5), 457-460.

Jackson, S. H. (1996). Efficacy and safety of cricoid pressure needs scientific validation.
Anesthesiology, 8§4(3), 751-752.

Kopka, A., & Crawford, J. (2004). Cricoid pressure: a simple, yet effective biofeedback
trainer. European Journal of Anaesthesiology, 21(6), 443-447.

Landsman, I. (2004). Cricoid pressure: indications and complications. Pediatric
Anesthesia, 14(1), 43—47. https://doi.org/10.1046/j.1460-9592.2003.01202.x

Lewis, S., & Magee, P. (2003). Contraindications to cricoid pressure. Anaesthesia,
58(12), 1243—1244. https://doi.org/10.1046/j.1365-2044.2003.03545.x

Maltby, J. R., & Beriault, M. T. (2002). Science, pseudoscience and Sellick. Canadian
Journal of Anaesthesia = Journal Canadien D anesthesie, 49(5), 443—447.
https://doi.org/10.1007/BF03017917

Meek, T., Gittins, N., & Duggan, J. E. (1999). Cricoid pressure: knowledge and
performance amongst anaesthetic assistants. Anaesthesia, 54(1), 59—62.
https://doi.org/10.1046/j.1365-2044.1999.00706.x

Mellin-Olsen, J., Fasting, S., & Gisvold, S. E. (1996). Routine preoperative gastric
emptying is seldom indicated. A study of 85,594 anaesthetics with special focus
on aspiration pneumonia. Acta Anaesthesiologica Scandinavica, 40(10), 1184—
1188.

Morris, J., & Cook, T. M. (2001). Rapid sequence induction: a national survey of
practice. Anaesthesia, 56(11), 1090-1097.

Moynihan, R. J., Brock-Utne, J. G., Archer, J. H., Feld, L. H., & Kreitzman, T. R. (1993).
The effect of cricoid pressure on preventing gastric insufflation in infants and
children. Anesthesiology, 78(4), 652—656.

Nafiu, O. O., Bradin, S., & Tremper, K. K. (2009). Knowledge, attitude, and practice
regarding cricoid pressure of ED personnel at a large U.S. teaching hospital.

Journal of Emergency Nursing, 35(1), 11-15.
https://doi.org/10.1016/j.jen.2008.01.009

Neelakanta, G. (2003). Cricoid pressure is effective in preventing esophageal
regurgitation. Anesthesiology, 99(1), 242.

51



Neilipovitz, D. T., & Crosby, E. T. (2007). No evidence for decreased incidence of
aspiration after rapid sequence induction. Canadian Journal of Anaesthesia =
Journal Canadien D anesthesie, 54(9), 748—764.
https://doi.org/10.1007/BF03026872

Owen, H., Follows, V., Reynolds, K. J., Burgess, G., & Plummer, J. (2002). Learning to
apply effective cricoid pressure using a part task trainer. Anaesthesia, 57(11),
1098-1101.

Priebe, H. J. (2009). Cricoid pressure: an expert’s opinion. Minerva Anestesiologica,
75(12), 710-714.

Priebe, H.J. (2005). Cricoid pressure: an alternative view. Seminars in Anesthesia,
Perioperative Medicine and Pain, 24(2), 120—126.
https://doi.org/10.1053/j.sane.2005.04.005

Priebe, H.J. (2010). Cricoid force in children. British Journal of Anaesthesia, 104(4),
511. https://doi.org/10.1093/bja/acq048

Ralph, S.J., & Wareham, C. A. (1991). Rupture of the oesophagus during cricoid
pressure. Anaesthesia, 46(1), 40—41.

Rice, M. J., Mancuso, A. A., Gibbs, C., Morey, T. E., Gravenstein, N., & Deitte, L. A.
(2009). Cricoid pressure results in compression of the postcricoid hypopharynx:
the esophageal position is irrelevant. Anesthesia and Analgesia, 109(5), 1546—
1552. https://doi.org/10.1213/ane.0b013e3181b05404

Robinson, J. S., & Thompson, J. M. (1979). Fatal aspiration (Mendelson’s) syndrome
despite antacids and cricoid pressure. Lancet (London, England), 2(8136), 228—
230.

Robinson, M., & Davidson, A. (2014). Aspiration under anaesthesia: risk assessment and
decision-making. Continuing Education in Anaesthesia Critical Care & Pain,
14(4), 171-175. https://doi.org/10.1093/bjaceaccp/mkt053

Rosen, M. (1981). Anesthesia for obstetrics. Anaesthesia, 36(2), 145—146.
Sajayan, A., Wicker, J., Ungureanu, N., Mendonca, C., & Kimani, P. K. (2016). Current
practice of rapid sequence induction of anaesthesia in the UK - a national survey.

BJA: British Journal of Anaesthesia, 117(suppl 1), 169-174.
https://doi.org/10.1093/bja/aew017

52



Sakles, J. C., Laurin, E. G., Rantapaa, A. A., & Panacek, E. A. (1998). Airway
management in the emergency department: a one-year study of 610 tracheal
intubations. Annals of Emergency Medicine, 31(3), 325-332.

Salem, M. R., Joseph, N. J., Heyman, H. J., Belani, B., Paulissian, R., & Ferrara, T. P.
(1985). Cricoid compression is effective in obliterating the esophageal lumen in
the presence of a nasogastric tube. Anesthesiology, 63(4), 443—446.

Salem, M. R., Khorasani, A., Zeidan, A., & Crystal, G. J. (2017). Cricoid Pressure
Controversies. Anesthesiology, 126(4), 738-752.
https://doi.org/10.1097/ALN.0000000000001489

Salem, M. R., Wong, A. Y., & Fizzotti, G. F. (1972). Efficacy of cricoid pressure in
preventing aspiration of gastric contents in paediatric patients. British Journal of
Anaesthesia, 44(4), 401-404.

Schwartz, D. E., Matthay, M. A., & Cohen, N. H. (1995). Death and Other Complications
of Emergency Airway Management in Critically 1l Adults A Prospective
Investigation of 297 Tracheal Intubations. Anesthesiology, 82(2), 367-376.

Sellick, B. A. (1961). Cricoid pressure to control regurgitation of stomach contents
during induction of anesthesia. The Lancet, 278(7199), 404—406.
https://doi.org/10.1016/S0140-6736(61)92485-0

Smith, K. J., Dobranowski, J., Yip, G., Dauphin, A., & Choi, P. T.-L. (2003). Cricoid
pressure displaces the esophagus: an observational study using magnetic
resonance imaging. Anesthesiology, 99(1), 60—64.

Smith, K. J., Ladak, S., Choi, P. T.-L., & Dobranowski, J. (2002). The cricoid cartilage
and the esophagus are not aligned in close to half of adult patients. Canadian
Journal of Anaesthesia = Journal Canadien D anesthesie, 49(5), 503-507.
https://doi.org/10.1007/BF03017931

Stept, W. J., & Safar, P. (1970). Rapid induction-intubation for prevention of gastric-
content aspiration. Anesthesia and Analgesia, 49(4), 633—636.

Stewart, J. C., Bhananker, S., & Ramaiah, R. (2014). Rapid-sequence intubation and
cricoid pressure. International Journal of Critical Illness and Injury Science, 4(1),

42-49. https://doi.org/10.4103/2229-5151.128012

Vanner, R. (2009). Cricoid pressure. International Journal of Obstetric Anesthesia, 18(2),
103-105. https://doi.org/10.1016/].ij0a.2009.01.002

53



Vanner, R. G. (1992). Tolerance of cricoid pressure by conscious volunteers.
International Journal of Obstetric Anesthesia, 1(4), 195-198.

Vanner, R. G., & Asai, T. (1999). Safe use of cricoid pressure. Anaesthesia, 54(1), 1-3.

Vanner, R. G., & Pryle, B. J. (1992). Regurgitation and oesophageal rupture with cricoid
pressure: a cadaver study. Anaesthesia, 47(9), 732-735.

Vanner, R. G., & Pryle, B. J. (1993). Nasogastric tubes and cricoid pressure. Anaesthesia,
48(12), 1112—-1113.

Vanner, R. G., Pryle, B. J., O’Dwyer, J. P., & Reynolds, F. (1992). Upper oesophageal
sphincter pressure and the intravenous induction of anaesthesia. Anaesthesia,
47(5), 371-375. https://doi.org/10.1111/1.1365-2044.1992.tb02215.x

Veall, G. R., & Swinhoe, C. F. (1994). A good reason to employ ambidextrous ODAs?
Anaesthesia, 49(6), 556-557.

Walker, R. W. M., Ravi, R., & Haylett, K. (2010). Effect of cricoid force on airway
calibre in children: a bronchoscopic assessment. British Journal of Anaesthesia,
104(1), 71-74. https://doi.org/10.1093/bja/aep337

Walls, R. M., Brown III, C. A., Bair, A. E., & Pallin, D. J. (2011). Emergency Airway
Management: A Multi-Center Report of 8937 Emergency Department
Intubations. The Journal of Emergency Medicine, 41(4), 347-354.
https://doi.org/10.1016/j.jemermed.2010.02.024

Warner, M. A., Warner, M. E., & Weber, J. G. (1993). Clinical significance of pulmonary
aspiration during the perioperative period. Anesthesiology, 78(1), 56—62.

Weiss, M., & Gerber, A. C. (2008). Rapid sequence induction in children -- it’s not a
matter of time! Paediatric Anaesthesia, 18(2), 97-99.
https://doi.org/10.1111/j.1460-9592.2007.02324 .x

Wraight, W. J., Chamney, A. R., & Howells, T. H. (1983). The determination of an
effective cricoid pressure. Anaesthesia, 38(5), 461-466.

Zeidan, A. M., Salem, M. R., Bamadhaj, M., Mazoit, J.-X., Sadek, H., Houjairy, H.,
Abdulkhaleq, K., Bamadhaj, N. (2017). The Cricoid Force Necessary to Occlude
the Esophageal Entrance: Is There a Gender Difference? Anesthesia and
Analgesia, 124(4), 1168—1173. https://doi.org/10.1213/ANE.000000000000163 1

54



CURRICULUM VITAE




