Review Article

The role of ultrasonography in anesthesia for bariatric surgery

ABSTRACT

Bariatric surgeries are effective long-term management for morbid obesity with its adverse sequelae. Anesthesia of bariatric
surgeries poses unique challenges for the anesthesiologist in every step starting with vascular access till tracheal extubation.
The usage of ultrasound in anesthesia is becoming more prevalent with a variety of benefits, especially in the obese
population. Ultrasound is successfully used for obtaining vascular access, with more than 15 million catheters placed in the
United States alone. Ultrasound can also be used to predict difficult intubation, as it can confirm the tracheal intubation and
assess the gastric content to prevent pulmonary aspiration. Ultrasound is also used in the management of mechanically
ventilated patients to monitor lung aeration and to identify respiratory complications during positive pressure ventilation.
Moreover, intraoperative echocardiography helps to discover the pulmonary embolism and guides the fluid therapy. Finally,
ultrasound can be used to perform neuraxial and fascial plane block with a less overall time of the procedures and minimal
complications. The wide use of ultrasound in bariatric anesthesia reflects the learning curve of the anesthesiologists and
their mounting efforts to provide safe anesthesia utilizing the updated technology. In this review, we highlight the role of

ultrasonography in anesthesia of bariatric surgery and discuss the recent guidelines.
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Introduction

Bariatric surgeries are the effective long-term management
for obesity with its secondary comorbidities such as
hypertension, diabetes mellitus, and obstructive sleep
apnea (OSA).""m Morbid obesity is defined as a body
mass index (BMI) greater than 35 kg/m?. Morbid obesity
has become a pandemic disease across the world with
approximately 252000 in the United States in 2018.% The
national institute of health guidelines in 1991 recommended
undergoing bariatric surgeries for patients with a BMI of
above 35 with comorbidity or with BMI above 40 kg/m?.P!
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Anesthesia of bariatric surgeries poses unique challenges
for anesthesiologists in every step from vascular access to
tracheal extubation. Ultrasound (US) guidance in anesthesia
is becoming more prevalent and helped to overcome
such difficulties. US guidance has a variety of benefits,
particularly with the employment of regional anesthetic
procedures. US guidance is used to conduct peripheral nerve
blocks, peripheral vascular accesses, and central vascular
accesses. This review article will discuss the different
applications of US and its role to provide safe anesthesia
in bariatric surgery.
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The Role of Ultrasound Guidance for Vascular Access

Obtaining vascular access in obese patients is challenging and
time-consuming, as it is difficult to determine the depth of
the vessel due to the thickness of the subcutaneous tissue.
In addition, the anatomical landmarks are ill-defined. For
instance, the neck region is usually concealed with fat that
obstructs the insertion of central venous catheters (CVC).
US is frequently used for obtaining vascular access, with more
than 15 million catheters alone in the United States.! It helps
to overcome vascular access-related mechanical complications
such as inadvertent arterial puncture and pneumothorax.®l
Pneumothorax is accounting for up to 30% of all mechanical
adverse events after CVC insertion.""” In the early 2000s, the
use of real-time US guidance was recommended by many
medical institutes including but not limited to the Center for
Disease Control and Prevention and the National Institute for
Health and Care Excellence."""¥ Randomized control trials and
observational studies reported improvement in the success
rate of procedures when US guidance was used in inserting
arterial catheters, peripheral intravenous lines (PIVs),
peripherally inserted central venous catheters (PICCs), and
CVC.'*'7I Unfortunately, the US guidance was not wildly
accepted, and it is estimated that up to 55% of the CVC
insertion through the internal jugular vein were performed
without an US guidance.!'s"!

Recently, the bedside US was confined to single plane imaging
for the installation of arterial, central, and peripheral lines,?"
and this limited the practitioners to only look at a vessel in
one of two directions at a time. On the other hand, biplane
US imaging allows the practitioner to see an artery in both the
short and long axis, potentially increasing procedural success,
efficiency, and safety.?!! Biplane imaging is not regularly used
for vascular access, but it has been recommended to improve
the visualization and decrease adverse events.?

Use of Ultrasound in Airway Management

Assessment of gastric content

Pulmonary aspiration of gastric contents is one of the
dangerous anesthesia-related complications. Pulmonary
aspiration of gastric contents occurs once every 2000-3000
elective general anesthesia, and it leads to about 20%
incidence of in-hospital mortality.”®! Pulmonary aspiration
causes significant morbidity including acute respiratory
distress syndrome, multiple organ dysfunction, and brain
damage among the survivors.?*l A patient undergoing
anesthesia with a full stomach is a major risk factor for
aspiration. Therefore, the feasibility of an objective tool
to assess gastric content before anesthesia is critical to

prevent pulmonary aspiration. Obesity can increase the risk
of aspiration pneumonia, pulmonary thromboembolism, and
respiration.” Mahajan et al.”* showed that patients suffering
from morbid obesity undergoing elective surgery were at
a higher risk for regurgitation and pulmonary aspiration
when compared with lean patients. Preoperative aspiration
prophylaxis decreases the gastric volume and gastric pH in
patients suffering from morbid obesity?®; however, gastric
content in obese patients must be assessed before any
general anesthesia. Gastric US assessment is an emerging
point-of-care tool that provides bedside information on
gastric content and volume.?”! Furthermore, bedside US can
determine the nature of gastric content (nil, clear fluid, thick,
fluid/solid), and this qualitative information may be useful
to assess the risk of aspiration, particularly in situations
where prandial status is uncertain.”® The study done by
Kruisselbrink et al.! indicates that a positive gastric US result
significantly increases the probability of a full stomach, and
the negative ratio is 0, which suggests the high sensitivity
of the gastric US.

Prediction of difficult intubation in obese patients

The intubation procedure has many coincident complications
both in the intensive care unit (ICU) and in the operating
room (OR). Intubation of difficult airways such in
obese population increases the risk of life-threatening
complications.® Prediction, assessment, and preparation
of difficult airways are an integral part of successful
intubation. Although the conventional measures are used for
this purpose, the incidence of difficult intubation is about
1.5% with an increased rate in some populations, such as
obese and pregnant patients.®!! Obesity is a significant risk
factor for morbidity and mortality related to intubation and
ventilation.’? In obese population, a decrease in functional
residual capacity (FRC) may lead to atelectasis formation and
airway closure which decrease the safe apneic period.*>3
Because intubating the trachea of the obese patients may lead
to an increased likelihood of life-threatening complications,
US is frequently used for airway management. Ji et al.*”
analyzed the diagnostic accuracy of radiologic methods in
adult patients with difficult airways using meta-analysis,
which provided that computed tomography (CT), X-ray, and
US could be regarded as effective methods. These objective
assessment tools significantly improved the specificity and
sensitivity in predicting difficult airways.

Confirmation of endotracheal intubation

Tracheal tube insertion is the conventional method of
airway protection during general anesthesia.* Because
of the significant morbidity and mortality associated with
the erroneous placement of the tracheal tube, reliable
confirmation of the endotracheal tube insertion is essential
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especially in the emergency setting.’” Visualization of the
endotracheal tube placement can be limited and should not
depend solely on the operator. US is likely to be available in
many hospitals and can provide an accurate and rapid bedside
procedure to confirm endotracheal intubation.*®*! In a study
conducted by Gottlieb et al.,*? US technique was accurate
and rapid to confirm endotracheal intubation, although the
technique was less accurate in obese patients compared to
thin patients. Also, results from Weaver et al.*! showed that
US imaging of the sliding lung sign in a cadaver model is
an accurate method for confirmation of endotracheal tube
placement.

The surgical airway in difficult airway management

Prediction and evaluation of a difficult airway are crucial
steps in airway management and avoiding its complications.
Life-threatening complications such as brain damage or
death have incidence 38 times higher in the emergency
departments (EDs) and 58 times higher in the intensive
care unit compared to cases in the OR.P Misidentification
of the cricothyroid membrane (CTM) is one of the leading
causes of airway device misplacement, which may lead
to fatal outcomes.*?! The Landmark palpation technique
alone is often inaccurate, especially in time-sensitive
emergency settings.”’ Also, patients frequently present with
difficult-airway anatomical characteristics such as obesity.
US provides an image of the structures which the physicians
would palpate when performing cricothyrotomy. US
improved physicians’ ability to locate the CTM in overweight
participants compared to using landmarks alone.*! However,
a study by Yildiz et al.*! did not show an improvement with
US. Furthermore, multiple studies show that the US technique
takes longer than landmark palpation alone.*3#l [n an
emergency setting, US would take longer and could add
pressure to already a stressful situation because physicians
would have to wait for the US machine to turn on, apply the
gel, and place the transducer upon the patient’s neck.

Use of Ultrasound in Ventilation

US has shown its utility for plain organs, but the concept of
whole-body US was established and extended to the lungs for
managing critical situations such as ventilation.*”! Pulmonary
US has become a standard bedside tool in many respiratory
care settings.*s! Lung US can immediately provide a diagnosis
of acute respiratory failure in up to 90.5% of cases."*!

Also, Elshazly et al.® found that using the US-guided
positive end-expiratory pressure (PEEP) approach improved
the intraoperative oxygenation, compliance, and P/F ratio
in the obese patients undergoing laparoscopic bariatric

surgeries. By improving postoperative oxygenation, US
reduced the incidence of early postoperative pulmonary
complications in the form of hypoxia and atelectasis without
causing hemodynamic instability in laparoscopic bariatric
surgeries.’% Lung aeration assessment can also be done with
US to assess PEEP-induced recruitment®® and even recovery
from ventilator-associated pneumonia.’?

Intraoperative Transthoracic Echocardiography Uses
in Bariatric Surgery

Obesity as a risk factor of cardiac disease

Obesity is a key risk factor for many cardiovascular
diseases, it predisposes to atrial fibrillation, heart failure
up to sudden cardiac death.’¥ Cardiac US is being used
at the bedside by acute care physicians from a variety
of disciplines, including emergency medicine, critical
care, anesthesiologists, and trauma surgery, to assess
hemodynamic instability.**>” Intraoperative cardiac US can
guide particular therapies such as inotropic or vasopressor
infusion and fluid bolus. This modality is known as rescue
transthoracic echocardiography (TTE), hemodynamic TTE,
focal cardiac ultrasonography (FOCUS), and point-of-care
ultrasound (POCUS).55&¢1

Intraoperative TTE may detect cardiovascular problems that
clinical evaluation or vital signs alone cannot detect. Diagnosis
of these disorders with TTE may guide the appropriate therapy
or particular hemodynamic monitoring. Intraoperative TTE
is very effective for assessing cardiovascular status where
transesophageal echo (TEE) is contraindicated when the
esophageal access is restricted due to the nature of the
bariatric operation.>®!l

Risk of pulmonary embolism in obese patients

Obesity increases the risk of perioperative venous
thromboembolism."*>%3 Due to restricted therapeutic
options, perioperative pulmonary embolism (PE) poses a
diagnostic difficulty and a significant risk of death. Despite
breakthroughs in imaging technologies and clinical care, total
mortality remains about 15%.1°4% Mortality approaches 50%
in individuals with major pulmonary embolism and cardiac
arrest.°>*’l Furthermore, the inflammatory reaction to surgery
causes a prothrombotic condition, which raises the risk
further when combined with postoperative hospitalization,
central venous catheterization, and immobilization. These
variables are responsible for the fivefold rise in perioperative
PE.°2 PE can be diagnosed via TTE by the presence of two
of the following criteria: right ventricular (RV) end-diastolic
diameter greater than 27 mm, RV hypokinesis, or tricuspid
regurgitation velocity greater than 2.7 m/sec.[’® The
sensitivity of TTE in diagnosis PE is up to 52%, while the
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specificity is up to 96%.°! The thoracic cage is accessible in
bariatric surgery which allows putting the probe in different
echocardiography views except for the subcostal one. Both
apical and parasternal views should be sufficient to diagnose
PE in cases of sudden intraoperative collapse.

Regional Analgesia

The pain management of bariatric surgery includes neuraxial
analgesia, fascial plane block, and conventional intravenous
analgesics such as, but not limited to opioid therapy. The
perioperative complications of opioid therapy especially
in obese patients with obstructive sleep apnea (OSA) may
include serious respiratory depression and delayed bowel
functions.” These complications raised the concept of
opioid-free anesthesia in bariatric surgery as part of the
enhanced recovery after surgery program (ERAS)."!

Implementing the ERAS in bariatric surgery improved the
composite outcome, specifically shorter hospital length of
stay and mortality.”>73! Sapin et al.”*! investigated the impact
of minimizing intraoperative opioids in favor of neuraxial
anesthesia, and the postoperative US-guided transverse
abdominis plane (TAB) block for sleeve gastrostomies.” The
study showed shorter hospital stay by 18%, a decrease in the
average use of morphine by 61%, and a decrease in average
direct costs per case. However, there was no significant
difference in the 30-day readmission rate between the pre-a
nd post-implementation period.

Neuraxial analgesia (Epidural analgesia)

Epidural analgesia has demonstrated its efficacy in
reducing the postoperative morphine needs, diminishing
the lung complications, postoperative ileus, and the
endocrine-metabolic response to surgical aggression./”
Ibrahim et al.”! has found that US-guided thoracic epidural
with opioid-free analgesia has shown a significant decrease
in pain scores within 24 hrs after bariatric surgery, also a
significantly shorter time for discharge from the postoperative
care unit along with higher patient satisfaction.

The classical palpation method for neuraxial analgesia (spinal,
epidural, or combined spinal-epidural (CSE)) may be
questioned though it remains the first choice for clinical
practice.” Especially, in bariatric patients where obesity
obscures anatomical landmarks along with positioning
challenges. Anesthesiologists can experience difficulty
in appreciating the midline and vertebral interspaces./”®
Multiple attempts are often required, and excessive adipose
tissue can increase the incidence of false-positive loss of
resistance during epidural placement. Furthermore, obese

patients are more likely to experience a longer procedure
time, a higher incidence of accidental dural puncture, a
higher incidence of epidural venous puncture, and higher
overall failure and complication rates during neuraxial
anesthesia placement.”®””! Neuraxial US (pre-procedural or
real-time) can be used to identify the intervertebral space(s),
the midline for insertion, determine the depth from the skin
to the epidural space, the best needle insertion point, and
the best angle for needle insertion.”” This leads to decrease
of the number of attempts required for epidural placement,
the risk for epidural hematoma, and post-surgical low back
pain.””l The use of pre-procedural US imaging has shown
a higher first-attempt success rate for epidural catheter
placement, less need for needle repositioning, which leads
to shorter total procedure time. A randomized controlled
study done by Vernon et al.”® regarding US-assisted epidural
labor analgesia in obese women stated that although US
assessment took more time than palpation method, this
assessment leads to less time to identify the space, fewer
trials, know the depth of the epidural or subarachnoid space
and avoid false sensation of loss of resistance. All that lead
to less total time of procedure with no affection of patients’
anxiety nor satisfaction. Moreover, Li et al.” showed that
the usage of pre-puncture US examination to guide spinal
anesthesia of cesarean delivery in the obese parturient leads
to a higher first-attempt success rate, fewer skin punctures,
significantly shorter total procedural time, and significantly
higher patient satisfaction than landmark group. Not only
the use of preprocedural US examination has helped the
anesthesiologists but also the use of real-time US. Ni et al."®!
compared the US-based system with computer-aided image
interpretation to traditional palpation technique for neuraxial
anesthesia placement in obese parturients undergoing
cesarean delivery. The study showed that the first insertion
success rate was significantly higher, and the time taken to
identify the needle puncture site was less in the US group.
The mean difference between the epidural depth measured
by the handheld US and needle depth was 0.29 cm.

Abdominal wall blocks

The usage of the fascial plane block had improved
perioperative pain management in bariatric surgery. Using
the US did not only improve the success rate of fascial plane
blocks but also decreased the overall time needed to perform
such procedures [Table 1].

Conclusion
The usage of ultrasonography has proven its beneficial

effects in bariatric anesthesia in many domains such as
obtaining vascular access, overcoming airway management
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Table 1: Fascial plane blocks in bariatric surgery and ultrasound role
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Block Author (year) Groups studied and interventions Results and findings Conclusion
Transversus Sapin et al. 1988 patients who underwent Mean hospital stay was 18% lower inthe  Using US-guided TAP block as
abdominus plane (2021)07s1 laparoscopic sleeve gastrectomy were postimplementation group. The average a part of the ERAS program
(TAP) block divided into two groups opioid morphine milligram equivalents improved pain control and
The pre-implementaion group administered in the postoperative decreased the need for opioids
received general anesthesia period was 61% less than that of the
The post-implementation group pre-implementation period. No significant
received general anesthesia with TAP  difference in 30 days readmission rate
block in the recovery room as a part between the two groups.
of the ERAS protocol.
TAP block Emile et al. 92 patients undergoing bariatric surgery  The mean pain score was significantly Using US-guided TAP block
(2019)e were classified into two groups lower in group | at 1, 6 hours, with no managed to achieve lower
Group | received US-guided TAB block  significant difference at 12 and 24 hrs. pain scores, lower opioid
after surgery before recovery from GA  PONV at 24 hrs was significantly lower in  requirements, lower PONV
Group Il didn’t receive TAB block group |. With a significantly shorter time scores, earlier ambulation, and
to full ambulation. comparable hospital stay.
Landmark based McDermott 36 patients received standard The study was terminated early due to US usage improved correct

TAP block etal. (2012)8"  landmark-based technique TAB block
bilaterally. The position of the needle
and the spread of local anesthesia was

then evaluated using US.

Transmuscular Shafeek et al. 60 patients undergoing laparoscopic

quadratus lumborum  (2018)®2 bariatric surgery were divided into

block (QLB) and TAP three groups. The first group received

block QLB after induction of anesthesia, the
second group received TAB and the
third group didn’t receive any form of
regional analgesia.

QLB Omran et al. 30 patients undergoing laparoscopic

(2021)@1 bariatric surgery were divided into

two groups. The first received bilateral
US-guided QLB while the second group
didn't.

Erector Spinae Zengin et al. 63 patients with morbid obesity who

Plane Block (ESPB)  (2021)®4 underwent laparoscopic bariatric

surgery were included. Patients were

randomly assigned to the bilateral
erector spinae plane block (ESPB)
group or the control group.

an unacceptably high level of peritoneal
needle placements. The needle tip and
local anesthetic spread were in the
correct plane in only (23.6%) of the
injections.

Results showed that the time to first
rescue analgesia postoperatively was
longer significantly in the QLB group than
the TAB group and significantly lower in
the GA group. Also, Total Morphine (mg.)
needed at 24 hrs was significantly less.

QLB group showed significantly less

HR and Mean arterial blood pressure
intraoperatively. Also, showed improved
pain scores till 12 hrs postoperatively
than the control group, with no
improvement till 24 hrs. QLB group also
showed a longer time to the first rescue
analgesia and early ambulation.

Total intraoperative remifentanil dose
was significantly lower in the ESPB
group when compared to controls. In
the ESPB group, none of the patients
required additional analgesia during
follow-up. In contrast, all control
patients required analgesia. ESPB
group had significantly lower VAS

scores at all postoperative time points.

placement of the needle during
performance of the TAB block
without needing a longer time to
perform.

Abdominal wall blocks especially
US-guided QLB provide better
analgesia for patients undergoing
laparoscopic bariatric surgery
with an opioid-sparing effect.

US-guided QLB improved
intraoperative and postoperative
analgesia in patients undergoing
laparoscopic bariatric surgery.

Bilateral US-guided ESPB
appears to be a simple and
effective technique to improve
perioperative pain control

and reduce the intraoperative
opioid need in patients
suffering from morbid obesity
undergoing bariatric surgery.

challenges, and decreasing the complications of positive
pressure ventilation. In laparoscopic bariatric surgery, the
US-guided vascular access had a safe profile especially in
the case of CVC placement. Applying the US in managing
the airway decreased the associated compilations of the
unanticipated difficult airway. The US-guided positive
end-expiratory pressure (PEEP) technique enhances
intraoperative oxygenation and compliance. In addition, the
use of US-guided neuraxial analgesia improved composite
outcomes and improved outcomes for the fascial plane
block, especially the TAP block. Finally, implementing the
FOCUS in intraoperative care showed a sensitivity of 52% and
a specificity of 96% in identifying pulmonary embolism. The
wide use of the US in bariatric anesthesia reflects the learning
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curve of the anesthesiologists and their mounting efforts to

provide safe anesthesia utilizing the updated technology.

Abbreviation list
e Us: Ultrasound
*  BMI: Body mass index

*  CTM: cricothyroid membrane

*  CSE: combined spinal-epidural

* CT: computed tomography

*  CVC: central venous catheter

* ERAS: enhanced recovery after surgery program
* ESPB: Erector Spinae Plane Block

*  FOCUS: Focal cardiac ultrasonography

* CU: intensive care unit

351



Diab, et al.: Ultrasonography for bariatric surgery

OSA: obstructive sleep apnea

OR: operating room

PICC: peripherally inserted central venous catheters
TAP: transverse abdominis plane

TTE: transthoracic echocardiography

TEE: transesophageal echocardiography

PE: pulmonary embolism

QLB: quadratus lumborum block

Financial support and sponsorship

Nil.

Conflicts of interest
There are no conflicts of interest.

References

10.

12.

13.

14.

352

Potential role of ultrasound in anesthesia and intensive care [Internet].
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4173359/. [Last accessed on 2022 Jan 18].

Estimate of Bariatric Surgery Numbers, 2011-2019 | American Society
for Metabolic and Bariatric Surgery. Available from: https://asmbs.org/
resources/estimate-of-bariatric-surgery-numbers. [Last accessed on 2021
Dec 20].

National Institutes of Health. Consensus statement: Gastrointestinal
surgery for severe obesity. Nutrition 1996;12:397-402.

Fox GS, Whalley DG, Bevan DR, Wyant GM. Anaesthesia for the
morbidly obese: Experience with 110 patients. Surv Anesthesiol
1982;26:90.

Intravascular-catheter-related infections - The Lancet [Internet].
Available from: https://www.thelancet.com/journals/lancet/article/
PIIS0140-6736(97)10006-X/fulltext. [Last accessed on 2022 Jan 18].
Central Vein Catheterization: Failure and Complication Rates by
Three Percutaneous Approaches | JAMA Internal Medicine | JAMA
Network [Internet]. Available from: https://jamanetwork.com/journals/
jamainternalmedicine/article-abstract/606564. [Last accessed on
2022 Jan 18].

Merrer J, De Jonghe B, Golliot F, Lefrant JY, Raffy B, Barre E, et al.
Complications of femoral and subclavian venous catheterization
in critically ill patients: A randomized controlled trial. JAMA
2001;286:700-7.

Gregg SC, Murthi SB, Sisley AC, Stein DM, Scalea TM.
Ultrasound-guided peripheral intravenous access in the intensive care
unit. J Crit Care 2010;25:514-9.

Schmidt GA, Blaivas M, Conrad SA, Corradi F, Koenig S, Lamperti M,
et al. Ultrasound-guided vascular access in critical illness. Intensive Care
Med 2019;45:434-46.

Mitchell S, Clark R. Complications of central venous catheterization.
Am J Roentgenol 1979;133:467-76.

Excellence NI for C. Guidance on the use of ultrasound locating devices
for placing central venous catheters. 2002. Available from: http: www
Nice Org UknicemediapdfUltrasound49GUIDANCEPdS. [Last accessed
on 2021 Dec 25].

O’Grady NP, Alexander M, Burns LA, Dellinger EP, Garland J,
Heard SO, et al. Guidelines for the prevention of intravascular
catheter-related infections. Clin Infect Dis 2002;35:1281-307.
Making health care safer: A critical analysis of patient safety
practices.-Abstract-Europe PMC [Internet]. Available from: https://
europepmc.org/article/NBK/nbk26966. [Last accessed on 2022 Jan 18].
Ultrasound guidance for difficult peripheral venous access: Systematic

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

review and meta-analysis | Emergency Medicine Journal [Internet].
Available from: https://emj.bmj.com/content/30/7/521.short. [Last
accessed on 2022 Jan 18].

Ultrasound-Guided Peripheral Venous Access: A Meta-Analysis and
Systematic Review-Lori A Stolz, Uwe Stolz, Carol Howe, Isaac J
Farrell, Srikar Adhikari, 2015 [Internet]. Available from: https://
journals.sagepub.com/doi/full/10.5301/jva. 5000346. [Last accessed
on 2022 Jan 18].

Sofocleous CT, Schur I, Cooper SG, Quintas JC, Brody L, Shelin R.
Sonographically guided placement of peripherally inserted central
venous catheters: Review of 355 procedures. Am J Roentgenol
1998;170:1613-6.

Nichols I, Humphrey JP. The efficacy of upper arm placement of
peripherally inserted central catheters using bedside ultrasound and
microintroducer technique. J Infus Nurs 2008;31:165-76.

Soni NJ, Reyes LF, Keyt H, Arango A, Gelfond JA, Peters J1, ef al. Use
of ultrasound guidance for central venous catheterization: A national
survey of intensivists and hospitalists. J Crit Care 2016;36:277-83.
Practice of ultrasound-guided central venous catheter technique
by the French intensivists: A survey from the BoReal study
group | Annals of Intensive Care | Full Text [Internet]. Available from:
https://annalsofintensivecare.springeropen.com/articles/10.1186/
s13613-016-0177-x. [Last accessed on 2022 Jan 18].

Convissar D, Bittner EA, Chang MG. Biplane imaging using portable
ultrasound devices for vascular access. Cureus 2021;13:e12561.
Gokhroo RK, Ranwa BL, Kishor K, Priti K, Avinash A, Gupta S, et al.
3D Xplane echocardiographic technique for validation of mitral leaflet
separation to assess severity of mitral stenosis. Echocardiography
2016;33:896-901.

McGhie JS, de Groot-de Laat L, Ren B, Vletter W, Frowijn R, Oei F,
et al. Transthoracic two-dimensional xPlane and three-dimensional
echocardiographic analysis of the site of mitral valve prolapse. Int J
Cardiovasc Imaging 2015;31:1553-60.

Engelhardt T, Webster NR. Pulmonary aspiration of gastric contents in
anaesthesia. Br J Anaesth 1999;83:453-60.

Cook TM, Woodall N, Frerk C. 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 1: Anaesthesia. Br J Anaesth 2011;106:617-31.

Koenig SM. Pulmonary complications of obesity. Am J Med Sci
2001;321:249-79.

Mahajan V, Hashmi J, Singh R, Samra T, Aneja S. Comparative
evaluation of gastric pH and volume in morbidly obese and lean patients
undergoing elective surgery and effect of aspiration prophylaxis. J Clin
Anesth 2015;27:396-400.

Perlas A, Chan VWS, Lupu CM, Mitsakakis N, Hanbidge A.
Ultrasound assessment of gastric content and volume. Anesthesiology
2009;111:82-9.

Cubillos J, Tse C, Chan VWS, Perlas A. Bedside ultrasound assessment
of gastric content: An observational study. Can J Anesth Can Anesth
2012;59:416-23.

Kruisselbrink R, Gharapetian A, Chaparro LE, Ami N, Richler D,
Chan VWS, et al. Diagnostic accuracy of point-of-care gastric
ultrasound. Anesth Analg 2019;128:89-95.

Cook TM, MacDougall-Davis SR. Complications and failure of airway
management. Br J Anaesth 2012;109:168-85.

Khan ZH, Kashfi A, Ebrahimkhani E. A comparison of the upper lip bite
test (a simple new technique) with modified mallampati classification in
predicting difficulty in endotracheal intubation: A prospective blinded
study. Anesth Analg 2003;96:595-9.

Brodsky JB, Lemmens HIM, Brock-Utne JG, Vierra M, Saidman LJ.
Morbid obesity and tracheal intubation. Anesth Analg 2002;94:732-6.
Jones RL, Nzekwu M-MU. The effects of body mass index on lung
volumes. Chest 2006;130:827-33.

Saudi Journal of Anesthesia / Volume 16 / Issue 3 / July-September 2022



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SI.

52.

53.

Diab, et al.: Ultrasonography for bariatric surgery

Nestler C, Simon P, Petroff D, Hammermiiller S, Kamrath D, Wolf S,
et al. Individualized positive end-expiratory pressure in obese patients
during general anaesthesia: A randomized controlled clinical trial using
electrical impedance tomography. Br J Anaesth 2017;119:1194-205.

Ji C, Ni Q, Chen W. Diagnostic accuracy of radiology (CT, X-ray, US)
for predicting difficult intubation in adults: A meta-analysis. J Clin
Anesth 2018;45:79-87.

Wang HE, Kupas DF, Paris PM, Bates RR, Yealy DM. Preliminary
experience with a prospective, multi-centered evaluation of
out-of-hospital endotracheal intubation. Resuscitation 2003;58:49-58.
Wang HE, Cook LJ, Chang C-CH, Yealy DM, Lave JR. Outcomes
after out-of-hospital endotracheal intubation errors. Resuscitation
2009;80:50-5.

Plummer D, Brunette D, Asinger R, Ruiz E. Emergency department
echocardiography improves outcome in penetrating cardiac injury. Ann
Emerg Med 1992;21:709-12.

Blaivas M, Fox JC. Outcome in cardiac arrest patients found to have
cardiac standstill on the bedside emergency department echocardiogram.
Acad Emerg Med 2001;8:616-21.

Gottlieb M, Bailitz J, Christian E, Russell F, Ehrman R, Khishfe B,
et al. Accuracy of a novel ultrasound technique for confirmation of
endotracheal intubation by expert and novice emergency physicians.
West J Emerg Med 2014;15:834-9.

Weaver B. Confirmation of endotracheal tube placement after intubation
using the ultrasound sliding lung sign. Acad Emerg Med 2006;13:239-44.
Cook TM, Woodall N, Harper J, Benger J. 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. Br J Anaesth
2011;106:632-42.

Bair AE, Chima R. The inaccuracy of using landmark techniques for
cricothyroid membrane identification: A comparison of three techniques.
Reardon RF, editor. Acad Emerg Med 2015;22:908-14.

Barbe N, Martin P, Pascal J, Heras C, Rouffiange P, Molliex S. Repérage
de la membrane cricothyroidienne en phase d’apprentissage: Valeur
ajoutée de I’échographie? Ann Fr Anesth Réanimation 2014;33:163-6.
Yildiz G, Goksu E, Senfer A, Kaplan A. Comparison of ultrasonography
and surface landmarks in detecting the localization for cricothyroidotomy.
Am ] Emerg Med 2016;34:254-6.

Kristensen MS, Teoh WH, Rudolph SS, Tvede MF, Hesselfeldt R,
Borglum J, et al. Structured approach to ultrasound-guided identification
of the cricothyroid membrane: A randomized comparison with the
palpation method in the morbidly obese. BrJ Anaesth 2015;114:1003-4.
Lichtenstein DA. Lung ultrasound in the critically ill. Ann Intensive
Care 2014;4:1.

Irwin RS, Rippe JM, editors. Irwin and Rippe’s Intensive Care Medicine.
8™ ed. Philadelphia: Wolters Kluwer Health/Lippincott Williams &
Wilkins; 2018. p. 2164.

Lichtenstein DA, Meziére GA. Relevance of lung ultrasound in the
diagnosis of acute respiratory failure: The BLUE protocol. Chest
2008;134:117-25.

Elshazly M, Khair T, Bassem M, Mansour M. The use of intraoperative
bedside lung ultrasound in optimizing positive end expiratory pressure
in obese patients undergoing laparoscopic bariatric surgeries. Surg Obes
Relat Dis 2021;17:372-8.

Bouhemad B, Brisson H, Le-Guen M, Arbelot C, Lu Q, Rouby J-J. Bedside
ultrasound assessment of positive end expiratory pressure-induced lung
recruitment. Am J Respir Crit Care Med 2011;183:341-7.

Bouhemad B, Liu Z-H, Arbelot C, Zhang M, Ferarri F, Le-Guen M, et al.
Ultrasound assessment of antibiotic-induced pulmonary reaeration in
ventilator-associated pneumonia: Crit Care Med 2010;38:84-92.
Kotsis V, Tsioufis K, Antza C, Seravalle G, Coca A, Sierra C, et al.
Obesity and cardiovascular risk: A call for action from the European
Society of Hypertension Working Group of Obesity, Diabetes and the

Saudi Journal of Anesthesia / Volume 16 / Issue 3 / July-September 2022

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

High-risk Patient and European Association for the Study of Obesity:
Part B: Obesity-induced cardiovascular disease, early prevention
strategies and future research directions. J Hypertens 2018;36:1441-55.
Nakao S, Vaillancourt C, Taljaard M, Nemnom M-J, Woo MY, Stiell IG.
Evaluating the impact of point-of-care ultrasonography on patients with
suspected acute heart failure or chronic obstructive pulmonary disease
exacerbation in the emergency department: A prospective observational
study. Can J Emerg Med 2020;22:342-9.

Mosier JM, Stolz U, Milligan R, Roy-Chaudhury A, Lutrick K,
Hypes CD, et al. Impact of point-of-care ultrasound in the emergency
department on care processes and outcomes in critically ill nontraumatic
patients. Crit Care Explor 2019;1:¢0019.

Arntfield RT, Millington SJ. Point of care cardiac ultrasound applications
in the emergency department and intensive care unit - A review. Curr
Cardiol Rev 2012;8:98-108.

Patel AR, Patel AR, Singh S, Singh S, Khawaja I. Cardiac ultrasound
in the intensive care unit: A review. Cureus 2019;11:e4612.

Kratz T, Holz S, Steinfeldt T, Exner M, Campo dell’Orto M, Kratz C,
et al. Feasibility and impact of focused intraoperative transthoracic
echocardiography on management in thoracic surgery patients: An
observational study. J Cardiothorac Vasc Anesth 2018;32:848-52.
Diaz-Goémez JL, Via G, Ramakrishna H. Focused cardiac and lung
ultrasonography: Implications and applicability in the perioperative
period. Rom J Anaesth Intensive Care 2016;23:41-54.

Heiberg J, El-Ansary D, Canty DJ, Royse AG, Royse CF. Focused
echocardiography: A systematic review of diagnostic and clinical
decision-making in anaesthesia and critical care. Anaesthesia
2016;71:1091-100.

Kratz T, Steinfeldt T, Exner M, DellxOrto MC, Timmesfeld N, Kratz C,
et al. Impact of focused intraoperative transthoracic echocardiography
by anesthesiologists on management in hemodynamically unstable
high-risk noncardiac surgery patients. J Cardiothorac Vasc Anesth
2017;31:602-9.

Desciak MC, Martin DE. Perioperative pulmonary embolism: Diagnosis
and anesthetic management. J Clin Anesth 2011;23:153-65.

Dudaryk R, Benitez Lopez J, Louro J. Diagnosis and thrombolytic
management of massive intraoperative pulmonary embolism guided
by point of care transthoracic echocardiography. Case Rep Anesthesiol
2018;2018:¢8709026.

Goldhaber SZ, Visani L, De Rosa M. Acute pulmonary embolism:
Clinical outcomes in the International Cooperative Pulmonary Embolism
Registry (ICOPER). Lancet 1999;353:1386-9.

Wood KE. Major pulmonary embolism: Review of a pathophysiologic
approach to the golden hour of hemodynamically significant pulmonary
embolism. Chest 2002;121:877-905.

Massive Pulmonary Embolism | Circulation [Internet].
Available from: https://www.ahajournals.org/doi/full/10\0.1161/
CIRCULATIONAHA.105.592592. [\Last accessed on 2022 Jan 18].
Kiirkciyan I, Meron G, Sterz F, Janata K, Domanovits H, Holzer M,
et al. Pulmonary embolism as cause of cardiac arrest: Presentation and
outcome. Arch Intern Med 2000;160:1529-35.

Miniati M, Monti S, Pratali L, Ricco GD, Marini C, Formichi B, et al.
Value of transthoracic echocardiography in the diagnosis of pulmonary
embolism: Results of a prospective study in unselected patients. Am J
Med 2001;110:528-35.

Pineda LA, Hathwar VS, Grant BJB. Clinical suspicion of fatal
pulmonary embolism. Chest 2001;120:791-5.

Schumann R. Anaesthesia for bariatric surgery. Best Pract Res Clin
Anaesthesiol 2011;25:83-93.

Zeltsman M, Aronsohn J, Gerasimov M, Palleschi G. Does opioid-free
anesthesia make a difference in bariatric surgery? In American Society
of Anesthesiologists; 2019.

Derderian SC, Rove KO. Enhanced recovery after surgery among
adolescents undergoing bariatric surgery. Semin Pediatr Surg

353



73.

74.

75.

76.

77.

78.

Diab, et al.: Ultrasonography for bariatric surgery

2020;29:150885. 2020;59:53-4.

Sapin A, Hilden P, Cinicolo L, Stein J, Turner A, Pitera R, ez al. Enhanced 79. Li M, Ni X, Xu Z, Shen F, Song Y, Li Q, et al. Ultrasound-assisted
recovery after surgery for sleeve gastrectomies: Improved patient technology versus the conventional landmark location method in spinal
outcomes. Surg Obes Relat Dis 2021;17:1541-7. anesthesia for cesarean delivery in obese parturients: A randomized
Ruiz-Tovar J, Mufioz JL, Gonzalez J, Zubiaga L, Garcia A, Jimenez M, controlled trial. Anesth Analg 2019;129:155-61.

et al. Postoperative pain after laparoscopic sleeve gastrectomy: 80. Emile SH, Abdel-Razik MA, Elbahrawy K, Elshobaky A, Shalaby M,
Comparison of three analgesic schemes (isolated intravenous analgesia, Elbaz SA, et al. Impact of ultrasound-guided transversus abdominis
epidural analgesia associated with intravenous analgesia and port-sites plane block on postoperative pain and early outcome after laparoscopic
infiltration with bupivacaine associated with intravenous analgesia). bariatric surgery: A randomized double-blinded controlled trial. Obes
Surg Endosc 2017;31:231-6. Surg 2019;29:1534-41.

Ibrahim ZA, Eldosoky GA, Abosonna KA. Opioid free multimodal 81. McDermott G, Korba E, Mata U, Jaigirdar M, Narayanan N, Boylan J,
analgesia versus opioid based analgesia in bariatric surgery outcome. et al. Should we stop doing blind transversus abdominis plane blocks?
Al-Azhar Int Med J 2021;2:43-8. Br J Anaesth 2012;108:499-502.

NiX, LiM, Zhou S, Xu Z, Zhang Y, YuY, et al. Accuro ultrasound-based 82. Shafeek AM, Gomaa GA, Abd Elmalek FA. A comparative study
system with computer-aided image interpretation compared to traditional between ultrasound guided quadratus lumborum block versus ultrasound
palpation technique for neuraxial anesthesia placement in obese guided transversus abdominis plane block in laporoscopic bariatric
parturients undergoing cesarean delivery: A randomized controlled trial. surgery. Egypt J Hosp Med 2018;70:2090-9.

J Anesth 2021;35:475-82. 83. Omran AS, KamalELDin DM, Nofal WH. Pre-emptive quadratus
Vallejo M. Pre-procedure neuraxial ultrasound in obstetric anesthesia. lumborum block for laparoscopic bariatric surgery: A prospective
J Anesth Perioper Med 2018;5:85-91. randomized controlled study. Ain-Shams J Anesthesiol 2021;13:21.
Vernon TJ, Vogel TM, Dalby PL, Mandell G, Lim G. Ultrasound-assisted 84. Zengin SU, Ergun MO, Gunal O. Effect of ultrasound-guided erector
epidural labor analgesia for landmark identification in morbidly spinae plane block on postoperative pain and intraoperative opioid
obese pregnant women: A preliminary investigation. J Clin Anesth consumption in bariatric surgery. Obes Surg 2021;31:5176-82.

New features on the journal's website

Optimized content for mobile and hand-held devices

HTML pages have been optimized of mobile and other hand-held devices (such as iPad, Kindle, iPod) for faster browsing speed.
Click on [Mobile Full text] from Table of Contents page.
This is simple HTML version for faster download on mobiles (if viewed on desktop, it will be automatically redirected to full HTML version)

E-Pub for hand-held devices

EPUB is an open e-book standard recommended by The International Digital Publishing Forum which is designed for reflowable content i.e. the
text display can be optimized for a particular display device.

Click on [EPub] from Table of Contents page.

There are various e-Pub readers such as for Windows: Digital Editions, 0S X: Calibre/Bookworm, iPhone/iPod Touch/iPad: Stanza, and Linux:
Calibre/Bookworm.

E-Book for desktop

One can also see the entire issue as printed here in a ‘flip book’ version on desktops.
Links are available from Current Issue as well as Archives pages.
Click on B View as eBook

354 Saudi Journal of Anesthesia / Volume 16 / Issue 3 / July-September 2022



