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The Middle East Journal of Anesthesiology (Middle East J. Anesth), commonly known as MEJA, was first published in June 1966.
It received its International Standard Serial Number (ISSN 0544-0440) in 1981. MEJA was licensed by the Lebanese Ministry of
Information Decision No. 84 that was published in the Lebanese Official Gazette No.22 in 28/5/1992. MEJA was accepted for inclusion
in the Index Medicus and MEDLARS databases in 1976.
The Middle East Journal of Anesthesiology was first published in June 1966 by Dr. Bernard Brandstater, Chairman and Professor in the
Department of Anesthesiology at the American University of Beirut – Medical Center and School of Medicine. Dr. Brandstater assumed
the role of the first Editor-in-Chief of the journal and gave it the famous motto “For some must watch, while some must sleep” (Hamlet
– Act III, Sc. Ii). He also chose its symbol, the poppy flower (Papaver Somniferum), because the poppy flower was first cultivated in the
Middle East and has given a unique service to the suffering of humankind for thousands of years. The journal is a non-profit publication
of the Department of Anesthesiology at the American University of Beirut and is managed by volunteer staff from the department.
MEJA is published three times a year (February, June, and October) and has an Editorial Executive Committee consisting of faculty
members from the department in addition to consultant editors from various parts of the world. MEJA has a worldwide circulation and
was made available electronically since 2008.
The main objective of the journal is to act as a forum for publication, education, and exchange of opinions by promoting basic science
and clinical research publications in the field of Anesthesiology.
MEJA has followed a policy to dedicate total issues for regions in the Middle East. To date, 17 regional issues have been published: Iran
(June, 1969), Egypt (June, 1970), Lebanon I (February, 1971), Syria (October, 1971), Turkey (June, 1973), Saudi Arabia I (February,
1979), USA I (October, 1979), Lebanon II (February, 1984), Saudi Arabia II (June, 1985), USA II (February, 1986), Qatar (October,
1986), Jordan I (June, 1987), Jordan II (October, 1988), Saudi Arabia III (October, 1993), Saudi Arabia IV (February, 1999), Lebanon
III (February, 2004).
It is important to recognize the February and June issues of 1983 that were dedicated to the experiences of the American University of
Beirut – Medical Center staff during the tragic Lebanese war. These two issues also inaugurated the new cover design that uses the name of
the journal and its symbol the poppy flower depicted in the colors of the Lebanese national flag. Furthermore, to celebrate the arrival of the
third millennium (Year 2000), a special issue on the history of anesthesia in the Middle East was published (Vol. 15, No.4, February 2000).
The Middle East Journal of Anesthesiology gained a posture of excellence as evidenced by the “Book Review”, which appeared in the
journal Anesthesia & Analgesia (Volume 63, p. 704-708, 1984) in which Dr. Nicholas Green, Professor and Chairman of the Department of
Anesthesiology at Yale University School of Medicine, USA while describing MEJA wrote “…this journal has consistently proven to be one
of the most interesting and educationally rewarding of the 30 or so regional journals about anesthesiology published throughout the world…”.

“For some must watch, while some must sleep”
(Hamlet-Act. III, Sc. ii)

Dr. Bernard Brandstater MB, BS; FRCA, FANZCA,
FACA

It is with sadness that we announce the passing of Dr. Bernard Brandstater, on January
17, 2020 at the age of 91 in California.
Dr. Brandstater was the founding Chair of the Department of Anesthesiology at the
American University Hospital (AUH) in 1958. During his tenure as a chair to the department
(1958-1969), he laid down its strong academic foundation composed of the triad of clinical
work, teaching, and research. At that time, he extended the residency program from 2
to 3 years with emphasis on basic sciences. He also founded the Middle East Journal of
Anesthesiology in 1966, which continues to be published by the department until the present
day. He invented an epidural catheter before it became available on the market and introduced
positive pressure ventilation to AUH in 1959, in addition to many other contributions to the
elevated practice of Anesthesiology. Additionally, Dr. Brandstater established the inhalation
therapy division in 1968.
Dr. Brandstater has also been internationally recognized for his pioneering work on
epidural anesthesia for painless deliveries, as well as for his work on respiratory care of
children with tetanus and poliomyelitis.
Dr. Brandstater recruited several faculty members such as the late Dr. Anis Baraka and
established connections and exchange programs with universities in the UK and the USA.
Dr. Brandstater has definitely left lasting imprints in the Department of Anesthesiology
at AUB and he is fondly remembered. Our thoughts are with his family and our prayers for
his soul to rest in peace.

Middle East Journal of Anesthesiology
Vol. 27, No. 1, February 2020

CONTENTS
Reviews
The Anesthetic Management of Obese Patients Presenting for Neurosurgical Procedures: A Narrative
Review
�������������������������������������������������������������������������������������������� Benjamin J. Heller, James Williams,
Joshua A. Heller, Myungsa Kang

2

SCIENTIFIC ARTICLES
A Comparative Study of Baska Maskâ and I-gelâ in Patients Undergoing Elective Gynecological
Surgery
������������������������������������������������������������������������������ Anjeleena Kumar Gupta, Nithin V. Krishnan,
Bimla Sharma, Jayashree Sood
Prevalence of CYP2D6-metabolism-dependent opioid analgesics among postpartum patients
������������������������������������������������������������������������������������������������������������������������������� Deepak Gupta
Effect of in vivo Oxygen Therapy on Mucociliary Clearance
������������������������������������������������������������������������������������������������������� Mohammad Dhafer Alahmari
A randomized comparative study between single injection and single needle pass double injection
technique in ultrasound guided supraclavicular brachial plexus block
������������������������������������� Pratap R. Mahanty, Bhanu P. Swain, Maneesha Mrigank, Amlan Swain

10
17
26

32

CASE REPORTS
Color change observed at both ends simultaneously in a carbon dioxide absorbent canister
�������������������������������������������������������������Cynthia M. Wong, Robert G. Loeb, Matthew B. Wechsell
A Unique Airway Management Method for a Patient with a Supraglottic Liposarcoma: A Case Report
����������������������������������������� Ashley V. Fritz, Ryan M. Chadha, Jason T. Lewis, Geoffrey D. Young
Comparison of hemodynamic variables during continuous spinal anesthesia and general anesthesia
in high risk cardiac patients: A randomized study
��������������������������������������������������������������������������������������������� Rabie Soliman, Abdelbadee Yacoub
The efficacy and safety of three different types of videolaryngoscopes in adult patients with normal
airways; A prospective randomized controlled trial
����������������������������������������������������� Samer A. Arab, Mohammed K. Al Harbi, Abdulatif Al Basha,
Mohamad J. Mahdi, Aiman El-Saed Ramadan, Vassilios K. Dimitriou
Anesthetic management of pediatric thoracoscopic congenital diaphragmatic hernia repair: initial
experience of five cases and review of the literature
��������������������������������������������������������������� Arijit Sardar, Mohammed Rizwan, Sathish Rajaselvam
Combined spinal-epidural anesthesia for femoral amputation in a 91 years old patient with
asymptomatic severe aortic stenosis: a case report
���������������������������������������������������������������������������������������������� Nielsen PT, Gonzalez MV, Howes J

1

41
45

50

60

71

78

M.E.J. ANESTH 27 (1), 2020

reviews

The Anesthetic Management of Obese Patients
Presenting for Neurosurgical
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Abstract
Obesity is an increasingly prevalent comorbidity in the United States and throughout the
world. As a consequence, an increasing number of obese patients present to the operating room
for surgery with unique perioperative considerations. Anesthesiologists must be able to take safe,
effective care of these patients. This narrative review discusses the anesthetic implications of obesity
and offers methods for providers to care for obese patients undergoing neurosurgical procedures in
the perioperative period. The review examines the preoperative, intraoperative, and postoperative
issues that anesthesiologists encounter, as well as unique challenges that are addressed during the
care of obese patients.
Key Words: Obesity, Neurosurgery, Anesthesia, Review

Introduction
Obesity is a growing health concern that presents unique challenges for health care systems
worldwide. It has become increasingly prevalent, particularly in the United States, where it is now
the second most common preventable cause of death behind smoking1. In 2016, 36.2% of adults in
the U.S. met criteria for obesity as compared to 11.9% in 1975; globally, the prevalence of obesity
in adults is estimated to be 13% in 2016, about three times the level in 19752. Anesthesiologists are
encountering patients with this disease more and more frequently, and must be prepared to manage
the often complex perioperative care of these patients. Virtually every organ system is negatively
impacted by increasing adiposity1. Neurosurgical anesthesia commands special attention to several

1	Department of Anesthesiology, University of North Carolina at Chapel Hill.
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considerations, including neurosurgical critical care,
patient positioning, and teamwork with surgeons,
nurses, neurophysiologists, and intensivists. In this
narrative review, we discuss the anesthetic implications
of obesity during neurosurgical procedures.

Materials and Methods
A comprehensive search strategy was developed
by the authors with the collaboration of a professional
librarian. The Medline and EMBASE databases were
searched in March 2017 for articles that included
variations of keywords including “anesthesia”,
“obesity”, and “neurosurgery”. The search was re-run
in June 2018 for additional articles. We sought articles
that addressed neurosurgical procedures and anesthetic
techniques. Figure 1 exhibits the comprehensive search
strategy that was utilized.
Figure 1: Comparative Search Strategy
The search revealed 228 unique articles after
removal of duplicate articles. Twenty-five articles
which were non-English were excluded. The
articles were reviewed for inclusion into this review.
Supplementary articles that were identified were
added only if they included relevant information.
Known relevant publications and textbooks were
added in addition to this literature search. Article
acquisition was performed by multiple authors.
The final review consisted of 55 articles/sources.
Figure 2 is a flowchart that demonstrates the authors
acquisition of articles.

Preoperative Considerations
Obesity is defined as an abnormal amount of
adipose tissue in relationship to lean muscle mass,
typically ≥20% over ideal body weight3. While it
is a disease with both environmental and genetic
components, it is ultimately best described as a disease
where energy intake exceeds energy spent4. Body mass
index (BMI), which is calculated by the formula (BMI
= wt/height2 in kg/m2), is a frequently encountered
measurement to help evaluate body fat, which is a
ratio of the patient’s weight to his or her height3,5. High
BMI is typically categorized into four distinct groups:
overweight is BMI 25.0 to 29.9 kg/m2, obese is BMI
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Figure 1: Comparative
Search
Strategy
Figure
1
Comparative Search Strategy

1. exp Neurosurgical Procedures/
2. (Neurosurg* or Craniotom* or
Craniectom* or Laminectom*).tw.
3. 1 or 2
4. anesthesia/ or anesthesia, general/
5. anesthes*.tw
6. 4 or 5
7. obesity/ or obesity, morbid/
8. obes*.tw
9. 7 or 8
10. 3 and 6 and 9

MEDLINE – 92 Results

Embase – 174 Results

266 Article
Remove Duplicates
228 Article

30 to 40 kg/m2, morbid obesity is BMI >40 kg/m2, and
super morbid obesity is >50 kg/m2 6. The prevalence
of certain comorbid diseases increases with elevated
BMI, such as cardiovascular disease, hypertension,
diabetes, and certain cancers5,7. Currently over one
third of the United States population meets criteria for
obesity3.
Surgical risk increases with high BMI, although
there remains opportunity to learn whether this
applies to all surgery or just specific subtypes. For
example, obesity has not been shown to worsen post-
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operative outcomes in most cranial neurosurgical
patients, but there has been increased morbidity and/
or mortality in spine surgical patients8 and temporal
lobe epilepsy patients of BMI >409. Furthermore,
obesity has been shown to be associated with adverse
events in craniotomy for aneurysm clipping10. This is
likely related to the association between perioperative
hyperglycemia and worse neurologic outcomes in
subarachnoid hemorrhage patients. Type 2 diabetes is
more common in obese patients which makes avoiding
perioperative hyperglycemia more challenging in these
patients11. Regardless, there is certainly increased
risk of anesthetic related complications including
hypoxemia, difficult intubation, hypercapnia,
obstructive sleep apnea, and aspiration7. Intravenous
access can be challenging in obese patients, along
with difficulty in obtaining non-invasive blood
pressure cuff readings. Post-operatively they are at
increased risk of thromboembolic events and surgical
site infections7,12,13. Some have even suggested that
patients at very high risk for deep vein thrombosis
should have a prophylactic filter placed in the inferior
vena cava, though this is not standard practice in our
experience3. In addition, there has been some data to
suggest a higher rate of reoperation in morbidly obese
craniotomy patients14.
The pharmacokinetics of some medications are
altered in the obese patient, specifically for certain
opioids and benzodiazepines15. For most drugs, dosing
should be based on lean body weight, but this is not true
for all anesthetics as seen in table 1. Ideal body weight
does not account for the difference in lean body weight
for severely obese patients, and therefore lean body
weight is better for initial dosing due to its correlation
with drug clearance and cardiac output3. Lean body
weight is calculated as (1.1 × TBW-0.0128 × BMI ×
TBW) for males; for females it is calculated as (1.07 ×
TBW-0.0148 × BMI × TBW)16. Remifentanil is unique
in that the recommended dosing is based on ideal
body weight in obese patients, due to alterations in
the pharmacokinetic profile of the drug17. Commonly
used drugs during neurosurgery, such as mannitol,
also have altered pharmacokinetic characteristics;
utilizing mannitol based on actual body weight can
lead to greater than expected plasma concentrations
and ultimately increased serum osmolality18.
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Table 1
Recommended Dosing of Medications for Standard Anesthetics
Lean Body Weight

Total Body Weight

Non-depolarizing
Neuromuscular Blockers
Rocuronium, Vecuronium

Depolarizing Neuromuscular
Blockers: Succinylcholine

Narcotics: Fentanyl,
Remifentanil

Midazolam

Propofol for maintenance
infusions

Propofol for induction
dosing
Cisatracurium

The pulmonary status of obese patients is of
particular concern to the anesthesiologist. Intubation
can be more challenging in obese patients due to
difficulty in positioning, increased neck circumference,
excessive oral soft tissue, and occasionally limited
jaw mobility19. Obese patients exhibit decreased lung
compliance, a decreased functional residual capacity,
and an increased closing volume, all of which can
lead to rapid oxygen saturation20. While obesity is
commonly referenced as a risk factor for postoperative
pulmonary complications6, this has not been shown to
be true in all studies; obstructive sleep apnea (OSA)
may be a more reliable risk factor21. However, given
that obese patients are more predisposed to OSA,
providers must maintain vigilance when monitoring
the respiratory status of obese patients. Some
institutions have recommended utilizing preoperative
positive airway pressure systems to optimize patients,
and prepare patients for postoperative use as well22.
Patients who utilized continuous positive airway
pressure devices at home at levels higher than 10 cm
H2O are at risk for difficult ventilation; patients who
have an apnea-hypopnea index score (a measure of the
severity of sleep apnea) of greater than 30 are at risk of
rapid desaturation during the induction of anesthesia1.
Furthermore, practitioners should be aware of
contraindications to positive airway pressure systems
after neurosurgical procedures, such as transsphenoidal
hypophysectomy. Anesthesiologists should also be
aware that obese patients can have indistinct neck
landmarks and short neck length, possibly leading to
more difficulty with placement of a surgical airway23.
Virtually every organ system is affected by
obesity. There is an increase in metabolic demand
that is met by an increase in preload, afterload, and
M.E.J. ANESTH 27 (1), 2020
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cardiac output (approximately (0.1 L/min/kg of excess
adipose tissue) that is achieved mainly by increases
in stroke volume19. There is an overall increased risk
of cardiac ischemic events and dysrhythmias in obese
patients secondary to coronary artery disease and the
fatty infiltration of the conduction system19. Obese
patients are at increased risk of renal insufficiency,
gastroesophageal reflux and hiatal hernias, hepatic
insufficiency due to fatty infiltration of the liver, and
positioning injuries due to adipose tissue compression
of peripheral nerves19.
Obesity can cause certain conditions to be more
prevalent, which can lead to neurosurgical referral
such as in the case of nerve compression24. Benign
intracranial hypertension, which is mainly a disease of
women of reproductive age, is postulated to be more
common in obese patients. A potential mechanism is
that increases in intra-abdominal pressure lead to an
impedance in venous return from the brain, causing an
increase in intracranial venous pressure and an increase
in intracranial pressure25. Diseases, such as diabetes or
acromegaly, can be secondary to brain tumors which
have clinical implications for anesthesiologists26.

Intraoperative Considerations
There are common difficulties that anesthesia
providers are likely aware of in managing obese patients.
These include difficulty with airway management,
obtaining intravenous access, and obtaining blood
pressure readings. There are challenges not normally
seen in standard BMI patients, such as central lines that
are not long enough, resulting in a non-intravascular
position27. There can be difficulty in identifying
infiltrated intravenous lines as more fluid can be
deposited into an obese patient’s extremities without
proper identification23. There are considerations that
practitioners should be aware of that are exclusive to
neurosurgical procedures.
Positioning during prone spine surgery is of
considerable importance and its difficulty in obese
patients is well described in the literature. Excessive
abdominal pressure from extra body fat can increase
venous pressure, causing a potential reduction in
spinal cord perfusion28. Furthermore, chest rolls can
restrict the abdomen even more which can intensify
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this issue. This can potentially be avoided by allowing
the abdomen to hang freely of compression, which
can be accomplished with a Wilson frame, although
challenges with ventilation can still be noted29.
Furthermore, obese patients in the prone position have
been shown to have higher intraoperative blood loss
during lumbar spine surgery29. Surgeons may encounter
challenges with identifying the correct anatomic level
and obtaining surgical instruments of an appropriate
length, as well as obtaining fluoroscopic equipment
of appropriate length4,23. There is also evidence to
suggest that obese patients are at increased risk of
post-operative vision loss during spine surgery30.
Positioning of obese patients for prone cases can be
challenging, as some equipment is not suitable for the
weight requirements of obese patients23. Pressure points
should be checked carefully, although cushion gel pads
or weight bearing rolls may experience excess weight,
leading to skin breakdown1. One unique consideration
is the possibility of injuries to staff; in fact, it has
been described in the literature that in extremely
challenging cases that patients can be intubated awake
and then position themselves prone20,31. Providers
should be extra cautious when securing endotracheal
tubes in obese patients going into the prone position
as dislodgement can be catastrophic23. Providers
should consider having emergency equipment such as
a fiberoptic bronchoscope or laryngeal mask airways
to emergently secure the airway in the event of
dislodgement.
Obesity itself can be secondary to certain diseases
that may present in patients for neurosurgery. Cushing’s
syndrome is an illness caused by the endogenous
production of corticosteroids by the adrenal glands, or
by exogenous administration of corticosteroids. Such
steroids frequently lead to obesity, resulting in patients
presenting for trans-sphenoidal pituitary surgery at
increased body mass index (BMI)26. This syndrome
is notable for poor wound healing, hypertension,
diabetes, and infertility, as well as obstructive sleep
apnea32. Providers should be more inclined to obtain
arterial access for invasive blood pressure and serum
blood glucose monitoring.
Awake craniotomy can be extremely challenging
in obese patients and should not be undertaken
lightly. Obstruction and hypoventilation can lead to
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hypoxia and hypercarbia; however, these problems
are exceptionally important in craniotomy as they can
increase intracranial pressure and exacerbate difficulties
obtaining adequate surgical exposure. A laryngeal
mask airway technique has been described successfully
for obese patients33, as well as the intraoperative use
of a continuous positive airway pressure machine34.
However, one must still be aware of the increased risk
of aspiration, hypoxia, and hypercarbia in this patient
population. We recommend prophylactic antiemetic
use during these cases. Advanced airway equipment
such as a fiberoptic bronchoscope should be considered
for airway emergencies during these cases. In extreme
cases, surgical airway could be discussed with the
patient during the preoperative evaluation.

Postoperative Considerations
In the obese patient population, a common
concern of anesthesiology and surgical providers is
postoperative airway management. Since obesity is
a risk factor for difficult intubation and ventilation,
providers should be particularly vigilant about the
patient meeting extubation criteria upon emergence.
Tracheal extubation should be undertaken when the
patient is fully awake and demonstrates adequate
return of respiratory function, which may occur in
the intensive care unit22. There should be full reversal
of all neuromuscular blockade, and appropriate
return of neurological function. Obesity has been
associated with delayed extubation and tracheostomy
in multilevel cervical spine patients35,36. In patients
undergoing craniotomy, it has been suggested that if
volatile agent is utilized as part of a balanced anesthetic
technique that desflurane may be preferable in obese
patients, as it allows quicker cognitive recovery and
reversal to normal pH and normocapnia37. There is
mixed evidence regarding the effect of obesity on the
risk of post-operative pulmonary complications38,39.
Techniques that can be utilized to maximize the
probability of success for extubation include raising
the head of the bed to optimize respiratory mechanics,
nasal or oral airways to lower the risk of obstruction,
and positive pressure ventilation if needed. For patients
that are being transported to the intensive care unit, we
recommend full monitoring of patients regardless of
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whether the patient has been extubated. The use of a
portable pulse oximeter should be considered during
the transport of all obese patients.
Postoperative pain control can be a challenging
problem in the obese patient. Regional anesthetics are
frequently employed in other types of surgery, and
are occasionally used in neurosurgical procedures;
however, block failure and complications have
been noted to be higher in obese patients40-43. While
neuraxial anesthetics are not frequently used in
neurosurgical cases, it is important to note that there
is difficulty in neuraxial anesthetics with increasing
BMI44. One technique that has been employed for obese
patients is the addition of dexmedetomidine. Studies
have demonstrated that some patients require less
narcotics in the recovery room after supplementation
of general anesthesia with dexmedetomidine, which
is advantageous to minimize the risk of respiratory
depression in obese patients45.

Unique Complications
Obese patients are at increased risk of a variety
of complications that are rarely seen in normal BMI
patients. Obesity has been linked to an increase in the
risk of awareness under general anesthesia46. It also
has been identified as a risk factor for increased risk
of symptomatic spinal epidural hematoma after spinal
surgery47. Obese patients have been associated with
increases in resource utilization due to longer surgical
times and hospital length of stays, ultimately increasing
costs for spinal surgery48. Obesity has been shown to
increase the risk of specific surgical complications as
well, such as cerebrospinal fluid fistula and distal shunt
catheter migration4.
An increased BMI has been associated with
a prolonged length of stay in the hospital as well as
an increased risk of readmission following lumbar
laminectomy for spinal stenosis49, as well as craniotomy
for tumor patients50. These patients may require more
frequent reoperations given the higher rate of surgical
site infections51. Surgical site infection rates have
been noted to be higher in cervical spine surgery in
obese patients as well52. This can likely be attributed
to longer surgical times, larger and more extensive
surgical exposure, and secondary comorbidities such
M.E.J. ANESTH 27 (1), 2020
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as diabetes. This substantiates data that suggests that
obese patients encounter healthcare costs that are 42%
greater per year on average than patients that are not
obese3.
There have been documented cases of ischemic
optic neuropathy in obese patients going back many
years, raising questions of whether or not obesity is a
direct risk factor for development of this complication53.
As a result, some authors have recommended the
avoidance of certain equipment in obese patients, such
as the Relton-Hall frame54.
Obese patients are exposed to unique
hematological risks. All surgery exposes patients to
the risk of deep venous thrombosis and pulmonary
embolism, and neurosurgical patients are no exception.
Obese patients are at increased risk of developing
venous thromboembolic phenomena55. Specifically
during spinal surgery, venous epidural bleeding can be
increased due to increases in intraabdominal pressure
and intrathoracic pressure, specifically in the prone
position23. It has been hypothesized that it may be more
challenging to achieve complete hemostasis in these
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patients, leading to increased risk of spinal epidural
hematoma after spinal surgery47.

Conclusions
The prevalence of obesity in the neurosurgical
patient population is increasing both in the United
States and internationally. It is clear that the risk of
complications is higher in obese patients undergoing
neurosurgical procedures4. Providers must be cognizant
that obesity affects essentially every organ system, and
that as patients’ weight increases so do their risks from
surgery and anesthesia. To take safe and effective care
of obese patients, providers must proactively address
the unique risks that obesity presents. More studies
evaluating possible interventions during neurosurgical
anesthesia could potentially lead to safer care of
these patients in the future. Ultimately, vigilance and
consideration of the pathophysiology of this disease
process will lead to the successful treatment of obese
patients during the perioperative period.

Neurosurgical Anesthesia for Obese Patients

8

References
1. Miller RD, Eriksson LI, Fleisher LA, Wiener-Kronish JP, Cohen
NH, Young WL. Miller’s Anesthesia, 8th edition. Philadelphia, PA,
Elsevier/Saunders, 2015, pp 2200-2216
2. WHO | Overweight and obesity. WHO 2017 at <http://www.who.
int/gho/ncd/risk_factors/overweight_obesity/obesity_adults/en/>
3. Matei V, Popescu WM. Stoelting’s Anesthesia and Co-Existing
Disease - Nutritional Diseases: Obesity and Malnutrition. Edited by
Hines, Roberta L. M, Marschall, Katherine E., MD L. Philadelphia,
PA, Elsevier, 2018, pp 314-333
4.	Castle-Kirszbaum MD, Tee JW, Chan P, Hunn MK. Obesity
in Neurosurgery: A Narrative Review of the Literature. World
Neurosurg 2017; 106:790-805.
5.	Campos JR de, Wolosker N, Takeda FR, Kauffman P, Kuzniec
S, Jatene FB, Oliveira SA de. The body mass index and level of
resection: predictive factors for compensatory sweating after
sympathectomy. Clin Auton Res 2005; 15:116-20.
6. Joshi GP, Ahmad S, Riad W, Eckert S, Chung F: Selection of obese
patients undergoing ambulatory surgery. A systematic review of the
literature. Anesth Analg 2013; 117:1082-91.
7.	Gualandro DM, Pinho C, Feitosa G, Caramelli B, Martinelli Filho
M. I guidelines for perioperative evaluation. [Portuguese, English].
Arq Bras Cardiol 2007; 89:e172-237.
8. Schultheiss KE, Jang YG, Yanowitch RN, Tolentino J, Curry
DJ, Luders J, Asgarzadie-Gadim F, Macdonald RL. Fat and
neurosurgery: does obesity affect outcome after intracranial surgery?
Neurosurgery 2009; 64:316-7.
9. Kang C, Cascino GD. The effect of preoperative body mass index on
outcome after temporal lobe epilepsy surgery. Epilepsy Res 2009;
87:272-6.
10.	Dasenbrock HH, Smith TR, Rudy RF, Gormley WB, Aziz-Sultan
MA, Du R. Reoperation and readmission after clipping of an
unruptured intracranial aneurysm: A National Surgical Quality
Improvement Program analysis. J Neurosurg 2018; 128:756-67.
11.	Connolly ES, Rabinstein AA, Carhuapoma JR, Derdeyn CP, Dion
J, Higashida RT, et al. American Heart Association Stroke Council,
Council on Cardiovascular Radiology and Intervention, Council on
Cardiovascular Nursing, Council on Cardiovascular Surgery and
Anesthesia, Council on Clinical Cardiology: Guidelines for the
management of aneurysmal subarachnoid hemorrhage: a guideline
for healthcare professionals from the American Heart Association/
american Stroke Association. Stroke 2012; 43:1711-37.
12. Maragakis LL, Cosgrove SE, Martinez EA, Tucker MG, Cohen
DB, Perl TM. Intraoperative fraction of inspired oxygen is a
modifiable risk factor for surgical site infection after spinal surgery.
Anesthesiology 2009; 110:556-62.
13. Schuster JM, Rechtine G, Norvell DC, Dettori JR. The influence of
perioperative risk factors and therapeutic interventions on infection
rates after spine surgery: a systematic review. Spine (Phila Pa 1976)
2010; 35:S125-37.
14.	Dasenbrock HH, Liu KX, Chavakula V, Devine CA, Gormley WB,
Claus EB. Body habitus, serum albumin, and the outcomes after
craniotomy for tumor: a National Surgical Quality Improvement
Program analysis. J Neurosurg 2016:1-13.
15. Schwartz AE, Matteo RS, Ornstein E, Young WL, Myers KJ.
Pharmacokinetics of sufentanil in obese patients. Anesth Analg
1991; 73:790-3.
16.	Green B, Duffull SB. What is the best size descriptor to use for

pharmacokinetic studies in the obese? Br J Clin Pharmacol 2004;
58:119-33.
17. Scott LJ, Perry CM. Remifentanil: A review of its use during the
induction and maintenance of general anaesthesia. Drugs 2005;
65:1793-823.
18. Kaneda K, Baker MT, Han TH, Weeks JB, Todd MM.
Pharmacokinetic characteristics of bolus-administered mannitol in
patients undergoing elective craniotomy. J Clin Pharmacol 2010;
50:536-43.
19. Parra MC, Loftus RW. Obesity and regional anesthesia. Int
Anesthesiol Clin 2013; 51:90-112.
20. Muto T, Uchino H, Takahashi T, Sagara T, Sogabe Y, Shiraishi T, et
al. Anesthetic management of prone-position surgery in a morbidly
obese patient. J Tokyo Med Univ 2004; 62:566-9.
21. Smetana GW. Preoperative pulmonary assessment of the older adult.
Clin Geriatr Med 2003; 19:35-55.
22.	Baxi V, Budhakar S. Anesthesia management of a morbidly obese
patient in prone position for lumbar spine surgery. J Craniovertebr
Junction Spine 2010; 1:55-7.
23.	Rosenfeld HE, Limb R, Chan P, Fitzgerald M, Bradley WPL,
Rosenfeld J V. Challenges in the surgical management of spine
trauma in the morbidly obese patient: A case series. J Neurosurg
Spine 2013; 19:101-9.
24.	Burke FD, Ellis J, McKenna H, Bradley MJ. Primary care
management of carpal tunnel syndrome. Postgrad Med J 2003;
79:433-7.
25.	Bagga R, Jain V, Gupta KR, Gopalan S, Malhotra S, Prasad Das C.
Choice of therapy and mode of delivery in idiopathic intracranial
hypertension during pregnancy. MedGenMed 2005; 7 (4): 42
26. Mellor A, Harvey RD, Pobereskin LH, Sneyd JR. Cushing’s disease
treated by trans-sphenoidal selective adenomectomy in midpregnancy. Br J Anaesth 1998; 80:850-2.
27.	Ottestad E, Schmiessing C, Brock-Utne JG, Kulkarni V, Parris D,
Brodsky JB. Central venous access in obese patients: A potential
complication [18]. Anesth Analg 2006; 102:1293-4.
28. Bhardwaj A, Long DM, Ducker TB, Toung TJ. Neurologic deficits
after cervical laminectomy in the prone position. J Neurosurg
Anesthesiol 2001; 13:314-9.
29. Han IH, Son DW, Nam KH, Choi BK, Song GS. The effect of body
mass index on intra-abdominal pressure and blood loss in lumbar
spine surgery. J Korean Neurosurg Soc 2012; 51:81-5.
30. Postoperative Visual Loss Study Group: Risk factors associated
with ischemic optic neuropathy after spinal fusion surgery.
Anesthesiology 2012; 116:15-24.
31.	Douglass J, Fraser J, Andrzejowski J. Awake intubation and awake
prone positioning of a morbidly obese patient for lumbar spine
surgery. Anaesthesia 2014; 69:166-9.
32.	Chung SY, Sylvester MJ, Patel VR, Zaki M, Baredes S, Liu JK, et
al. Impact of obstructive sleep apnea in transsphenoidal pituitary
surgery: An analysis of inpatient data. Laryngoscope 2018;
128:1027-32.
33.	Fukaya C, Katayama Y, Yoshino A, Kobayashi K, Kasai M,
Yamamoto T. Intraoperative wake-up procedure with propofol and
laryngeal mask for optimal excision of brain tumour in eloquent
areas. J Clin Neurosci 2001; 8:253-5.
34. Huncke T, Chan J, Doyle W, Kim J, Bekker A. The use of continuous
positive airway pressure during an awake craniotomy in a patient
M.E.J. ANESTH 27 (1), 2020

9
with obstructive sleep apnea. J Clin Anesth 2008; 20:297-9.
35. Epstein NE, Hollingsworth R, Nardi D, Singer J. Can airway
complications following multilevel anterior cervical surgery be
avoided? J Neurosurg 2001; 94:185-8.
36. Epstein N. Ossification of the cervical posterior longitudinal
ligament: a review. Neurosurg Focus 2002; 5;13(2):ECP1
37.	Bilotta F, Doronzio A, Cuzzone V, Caramia R, Rosa G. Early
postoperative cognitive recovery and gas exchange patterns after
balanced anesthesia with sevoflurane or desflurane in overweight and
obese patients undergoing craniotomy: A prospective randomized
trial. J Neurosurg Anesthesiol 2009; 21:207-13.
38.	Gallart L, Canet J. Post-operative pulmonary complications:
Understanding definitions and risk assessment. Best Pract Res Clin
Anaesthesiol 2015; 29:315-30.
39.	Guldner A, Spieth PM, Gama De Abreu M. Non-ventilatory
approaches to prevent postoperative pulmonary complications. Best
Pract Res Clin Anaesthesiol 2015; 29:397-410.
40.	Orebaugh SL, Williams BA, Kentor ML, Bolland MA, Mosier SK,
Nowak TP. Interscalene block using ultrasound guidance: impact of
experience on resident performance. Acta Anaesthesiol Scand 2009;
53:1268-74.
41. Nielsen KC, Guller U, Steele SM, Klein SM, Greengrass RA,
Pietrobon R. Influence of obesity on surgical regional anesthesia in
the ambulatory setting: an analysis of 9,038 blocks. Anesthesiology
2005; 102:181-7.
42. Hanouz JL, Grandin W, Lesage A, Oriot G, Bonnieux D, Gerard
JL. Multiple injection axillary brachial plexus block: influence of
obesity on failure rate and incidence of acute complications. Anesth
Analg 2010; 111:230-3.
43. Schroeder K, Andrei AC, Furlong MJ, Donnelly MJ, Han S, Becker
AM: The perioperative effect of increased body mass index on
peripheral nerve blockade: an analysis of 528 ultrasound guided
interscalene blocks. Rev Bras Anestesiol 2012; 62:28-38.
44. Sprung J, Bourke DL, Grass J, Hammel J, Mascha E, Thomas P,
et al. Predicting the difficult neuraxial block: a prospective study.
Anesth Analg 1999; 89:384-9.
45. Arcangeli A, D’Alo C, Gaspari R. Dexmedetomidine use in general
anaesthesia. Curr Drug Targets 2009; 10:687-95.

Benjamin J. Heller et. al

46. Pandit JJ, Andrade J, Bogod DG, Hitchman JM, Jonker WR, Lucas
N, et al. The 5th National Audit Project (NAP5) on accidental
awareness during general anaesthesia: Summary of main findings
and risk factors. Anaesthesia 2014; 69:1089-101.
47. Yamada K, Abe Y, Satoh S, Yanagibashi Y, Hyakumachi T, Masuda
T. Large increase in blood pressure after extubation and high body
mass index elevate the risk of spinal epidural hematoma after spinal
surgery. Spine (Phila Pa 1976) 2015; 40:1046-52.
48. Planchard RF, Higgins DM, Mallory GW, Puffer RC, Jacob JT, Curry
TB, Kor DJ, Clarke MJ. The Impact of Obesity on Perioperative
Resource Utilization after Elective Spine Surgery for Degenerative
Disease. Glob Spine Journal 2015; 05
49.	Basques BA, Varthi AG, Golinvaux NS, Bohl DD, Grauer JN. Patient
characteristics associated with increased postoperative length of
stay and readmission after elective laminectomy for lumbar spinal
stenosis. Spine (Phila Pa 1976) 2014; 39:833-40.
50.	Dasenbrock HH, Yan SC, Smith TR, Valdes PA, Gormley WB,
Claus EB, et al. Readmission after craniotomy for tumor: A national
surgical quality improvement program analysis. Neurosurgery 2017;
80:551-62.
51. Karhade A V, Cote DJ, Larsen AM, Smith TR. Neurosurgical
Infection Rates and Risk Factors: A National Surgical Quality
Improvement Program Analysis of 132,000 Patients, 2006-2014.
World Neurosurg 2017; 97:205-12.
52. Sebastian A, Huddleston P, Kakar S, Habermann E, Wagie A, Nassr
A. Risk factors for surgical site infection after posterior cervical
spine surgery: an analysis of 5,441 patients from the ACS NSQIP
2005-2012. Spine J 2016; 16:504-9.
53.	Roth S, Nunez R, Schreider BD. Unexplained visual loss after
lumbar spinal fusion. J Neurosurg Anesthesiol 1997; 9:346-8.
54.	Dilger JA, Tetzlaff JE, Bell GR, Kosmorsky GS, Agnor RC, O’Hara
Jr JF. Ischaemic optic neuropathy after spinal fusion. Can J Anaesth
1998; 45:63-6.
55. Macdonald RL, Amidei C, Lin G, Munshi I, Baron J, Weir BK,
Brown F, Erickson RK, Hekmatpanah J. Safety of perioperative
subcutaneous heparin for prophylaxis of venous thromboembolism
in patients undergoing craniotomy. Neurosurgery 1999; 45:242-5.

scientific articles

A Comparative Study of Baska Mask ®
and I-gel ® in Patients Undergoing Elective
Gynecological Surgery
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Abstract
Background: Supraglottic airway devices (SAD) are placed above the larynx forming a
niche between the facemask and the tracheal tube to facilitate airway management. Baska maskâ
and i-gelâ have been developed that provide better oropharyngeal seal pressure (OSP) during
positive pressure ventilation (PPV) than the first generation SAD. We therefore, evaluated the
clinical performance of newly developed Baska maskâ with that of i-gelâ in terms of OSP.
Methods: Thirty patients were randomly divided into two groups (Group I and Group II).
Baska maskâ and i-gelâ were introduced as the airway device in Group I and Group II respectively,
after institution of general anesthesia. OSP of both the devices was compared as a primary objective
of the study. Time to insertion, rate of first time successful placement of the device, number of
attempts and ease of insertion, pharyngolaryngeal morbidity and other adverse effects were also
evaluated.
Results: The OSP in both the groups was comparable. Time to insertion was longer in Group I
but did not attain statistical significance. First time successful placement of airway device was
achieved in 66.66% patients in Group I and 86.66% patients in Group II. However, overall insertion
success rate was 100% with both the devices. Mean number of attempts was 1.4 for Group I and
1.13 for Group II. Difficult insertion was noted in 33.33% patients of Group I and 13.33% patients
of Group II. Pharyngolaryngeal morbidity and other adverse effects were comparable between the
groups.
Conclusions: Clinical performance of Baska maskâ and i-gelâ as airway devices is
comparable in terms of OSP and time taken for insertion in patients undergoing elective
gynecological surgery.
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Supraglottic airway devices (SAD) are placed
above the larynx and form a niche between the
facemask and the tracheal tube. The recently introduced
Baska Maskâ (Proact Medical Ltd, Northants, UK) is
a newly approved and internationally patented second
generation SAD made of medical grade silicone,
designed by Australian anesthetists Kanag and Meena
Baska (Figure 1).1 Baska maskâ is currently available
in 4 sizes (3, 4, 5 and 6) for patients weighing between
30kg and 100 kg.

Dr. Mohd Aslam Nasir, is a truly anatomical device
(Figure 2). It has a semi rigid stem for easy insertion
and less chances of kinking, an intrinsic bite block
to prevent compression of an airway tube and avoid
axial rotation.3,4 The soft non-inflatable cuff fits snugly
on the perilaryngeal frame work, mirroring the shape
of the epiglottis, aryepiglottic folds, piriform fossa,
perithyroid, pericricoid, and posterior cartilages.
The cuff is made of thermoplastic elastomer (styrene
butadiene styrene ethylene).5 The seal created is
sufficient for both spontaneous and positive pressure
ventilation.5

Fig. 1. Baska maskâ

Fig. 2. i-gelâ

Introduction

It has a non-inflatable variable pressure
membranous cuff, an anatomically curved airway
tube, two side channels within the large sump cavity
and an integrated bite block over the full length of the
airway.1 It has certain special features such as a ‘tab’
to manually curve the mask to ease insertion and an
interchangeable swivel suction elbow attached to either
the suction or air inflow ports. The oval shaped airway
tube matches the shape of the mouth and reduces the
rotation within the pharynx. The two drain tubes allow
gastric decompression. These features reduce the risk of
pulmonary aspiration of gastric contents accumulating
in the supraglottic area. The self-recoiling membrane
inflates during positive pressure ventilation (PPV)
to improve the seal when opposed to the larynx and
provides higher oropharyngeal seal pressure (OSP)
with PPV. It is inserted in the neutral head position,
which reduces the need for neck manipulation. The
Baska mask has an insertion success rate of about 96%.2
The i-gelâ (Inter surgical Ltd, Wokingham,
England), a newly developed SGD developed by

The present study was conducted to compare the
Baska maskâ with the i-gelâ in terms of OSP, duration,
success rate and ease of insertion, pharyngolaryngeal
morbidity (sore throat, nausea, vomiting, dysphagia
and dysphonia) and other adverse effects in patients
undergoing elective gynecological surgery.

Methods
This prospective double blind, randomized,
comparative study was conducted after obtaining ethics
committee clearance (EC/08/16/1047) and written
informed consent from thirty patients, scheduled for
gynecological surgery. The study was registered at the
Clinical Trials Registry-India (CTRI/2018/03/012563).
All patients with ASA physical status II-III,
above the age of 18 years and BMI <35 kg.m-2 with
a fasting period of more than 6 hours and surgical
duration of less than two hours were included in the
study. Patients who refused to consent, had anticipated
difficult airway, risk of aspiration of gastric contents
(i.e. pregnancy, full stomach, hiatus hernia) and those
requiring tracheal intubation for the surgical procedure
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were excluded from the study. Patients with mouth
opening <2.5cm, Modified Mallampati classification 3
or 4, thyromental distance <6.5 cm and sternomental
distance <12.5cm were considered as having difficult
airway.
Patients were randomly divided into two groups
by computer generated random allocation method.
Group I and Group II received Baska maskâ and
i-gelâ respectively as an airway device. Detailed preanesthetic checkup was done with special emphasis on
airway examination to rule out difficult airway.
Standard monitoring was established following
which general anesthesia was given to all the patients
with intravenous midazolam (1mg), fentanyl (1.5
µg kg-1) and propofol (2-4 mg kg-1). The lungs were
manually ventilated using a face mask and sevoflurane
(1-1.5%) in oxygen. An airway device of appropriate
size was then inserted by a trained anesthesiologist.
Subsequent monitoring was performed by another
anesthesiologist not involved in the study. The size of
the Baska maskâ and the i-gelâ was selected according
to the manufacturer’s recommendations based on the
patient’s weight. Any resistance encountered during
insertion of the Baska maskâ was taken care off by
pulling the ‘tab’ to help negotiate the palato-pharyngeal
curve.
The primary objective of the study was to
compare the OSP achieved with both the airway
devices. Secondary objectives were to evaluate the
two devices with respect to the insertion time, rate of
first time successful placement of the device, number
of attempts and ease of insertion, pharyngolaryngeal
morbidity and other adverse effects (fall in SpO2 ˂95%
during device insertion, trauma to lips, tongue, teeth,
blood or bile staining of SAD).
Manipulations in terms of head tilt, jaw thrust,
rotation of the device or adjustment of depth of insertion
were done to position the device properly. If the device
had a leak, a device one size larger was re-inserted. In
absence of proper insertion, the device was removed
(defined as failed attempt). An insertion attempt was
considered each time the device was taken in and out
of the mouth. The number of attempts were recorded.
After three failed attempts, tracheal intubation was
planned after giving appropriate neuromuscular
blocking agent and the patient was then excluded from
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the study.
The insertion time was taken as the time interval
from holding the device in hand till confirmation of end
tidal carbon dioxide on the monitor screen. In case of
multiple attempts for insertion, the individual insertion
times were summed up to give the final insertion time.
A suction catheter was inserted though the
device to confirm the esophageal patency and proper
positioning of the device. OSP and any fall in oxygen
saturation below 95% during device placement were
noted. To measure OSP, the expiratory valve of the
circle system was closed and keeping the flow rate
of oxygen at 3L min-1, the airway pressure was noted
at which equilibration was achieved (maximum
allowed was 40 cm H2O).6 Anesthesia was maintained
with sevoflurane (1-2%), nitrous oxide and oxygen
(40%:60%) mixture.
A note was made of the time of successful
placement of the device, number of attempts at insertion
and ease of insertion graded by the operator as easy
or difficult. Difficult insertion meant the requirement
of maneuverability during device placement. At the
end of surgery, the airway device was removed. The
patient’s mouth was carefully inspected for trauma
to lips, tongue and teeth after removal of respective
device while the cuff of the device was examined for
the presence of blood or bile.
The patient was then transferred to the postanesthesia care unit (PACU), where they were
questioned about the presence of sore throat,
dysphagia, dysphonia, nausea and vomiting at arrival
and at discharge from the PACU and four hours later.
Assessment of pharyngolaryngeal morbidity was done
on a two point scale (1 = present, 2 = absent).

Statistical Analysis
The data was analyzed using SPSS software
(version 17.0 Chicago, IL, USA). Continuous variables
were presented as mean + SD while categorical variable
were expressed as frequencies. Differences between
groups were assessed with Chi Square or Fisher’s exact
test for comparison of categorical variables. Unpaired
t tests were used for continuous variables between
the two groups. Data was considered statistically
significant with P ˂0.05.
M.E.J. ANESTH 27 (1), 2020
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Table 1
Physical characteristics
Group I
(n = 15)

Group II
(n = 15)

p-value

Age (yr)

39.47 ± 11.47

38.00 ± 10.53

0.718

Weight (kg)

64.67 ± 15.82

64.27 ± 11.01

0.062

Height (cms)

152.93 ± 5.20

156.23 ± 4.01

0.937

ASA I/II

13/2

9/6

0.099

Mask size used (3/4)

10/5

9/6

0.705

Data are number (n), mean ± standard deviation; Group I-Baska maskâ, Group II-i-gelâ

Thirty patients were included in the study.
Demographic data and mask size used in both groups
were found to be comparable (Table 1).

first attempt in 10 patients (66.66%) in Group I and
13 patients (86.66%) in Group II (Table 2).Successful
insertion on the second attempt occurred in 4 patients
(26.66%) of Group I and 2 patients (13.33%) of Group
II. Only 1 patient (6.7%) of Group 1 needed a third
attempt for successful insertion. Insertion success rate
was 100% with both devices and none of the patients
required tracheal intubation. The mean number of
attempts was 1.4 for Group I and 1.13 for Group II.
The device was easy to insert in Group II patients
(93.33%) as opposed to Group I patients (66.66%).
Difficulty was encountered in device insertion in 5
patients (33.33%) of Group I and 2 patients (13.33%)
of Group II.

OSP in Group I and Group II was 34.80 ± 2.90
cmH2O and 34.53 ± 2.44 cmH2O respectively and
the difference was statistically insignificant. The time
taken for insertion of the device was slightly longer in
Group I (27.73 ± 10.87 sec) than in Group II (23 ± 8.29
sec) but did not achieve statistical significance (Table
2). The airway device was successfully placed on the

Fall in oxygen saturation below 95% during
device placement was not observed in either of the
groups. On arrival at the PACU, sore throat was
observed in 5 patients of Group I and 2 patients of
Group II. Four hours post surgery, only 2 patients
of Group I and 1 patient of Group II had sore throat
(Table 3).

In a previous study,7 which demonstrated a mean
OSP of 35.6 ± 4.84 cmH2O in the i-gelâ group, a sample
size of 12 patients per group provided a 90% power for
detecting a 20% difference between the groups for a
mean difference in OSP at an alpha level of 0.05. The
difference of 20% was taken from clinical experience.
We included 15 patients per group to accommodate for
the dropout cases.

Results

Table 2
Clinical performance of SAD
Group I
(n = 15)

Group II
(n = 15)

p-value

34.8 ± 2.90

34.53 ± 2.44

0.788

27.73 ± 10.87

23.00 ± 8.29

0.191

Number of insertion attempts (1/2/3)

10/4/1

13/2/0

0.357

Difficulty of insertion (easy/difficult)

10/5

14/1

0.068

OSP (cmH2O)
Insertion time (s)

Data are number (n), mean ± standard deviation; Group I-Baska maskâ, Group II-i-gelâ
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One patient from each group complained of
nausea upon arrival to the PACU but it settled by
the time of discharge from the PACU. One patient in
Group I had vomiting on arrival at the PACU and one
patient in Group II vomited at the time of discharge.
Four hours post surgery, none of the patients had
nausea or vomiting.
Dysphagia and dysphonia were not observed in
any patient in either group upon arrival at the PACU
but one patient from each group had dysphagia and
one patient in Group I had dysphonia at the time of
discharge from PACU. Four hours post-surgery, one
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patient in Group I complained of dysphagia but none
of the patients had dysphonia (Table 3).
Trauma to lips occurred in 1 patient in Group I.
Blood staining of the device was noted in 4 patients
from Group I and 2 patients from Group II. There was
no trauma to tongue or teeth. Bile fluid staining of
device was not observed in either of the groups.

Discussion
Our study evaluates the performance of two noninflatable SADs. Our results showed that there was no

Table 3
Post operative complications and adverse effects in both the groups

Sore throat
Arrival in PACU
Discharge from PACU
4 h postop

Group I
(n = 15)

Group II
(n = 15)

5 (33%)
4 (26.7%)
2 (13.3%)

2 (13.3%)
2 (13.3%)
1 (6.7%)

p-value

0.534
Dysphagia
Arrival in PACU
Discharge from PACU
4 h postop

0 (0%)
1 (6.7%)
1 (6.7%)

0 (0%)
1 (6.7%)
0 (0%)

1.000

Dysphonia
Arrival in PACU
Discharge from PACU
4 h postop

0 (0%)
1 (6.7%)
0 (0%)

0 (0%)
0 (0%)
0 (0%)

1.000

Nausea
Arrival in PACU
Discharge from PACU
4 h postop

1 (6.7%)
0 (0%)
0 (0%)

1 (6.7%)
0 (0%)
0 (0%)

Vomiting
Arrival in PACU
Discharge from PACU
4 h postop

1 (6.7%)
0 (0%)
0 (0%)

0 (0%)
1 (6.7%)
0 (0%)

1.000

Trauma to lip

1 (6.7%)

0 (0%)

1.000

Trauma to tongue

0 (0%)

0 (0%)

0

Trauma to teeth

0 (0%)

0 (0%)

0

4 (26.7%)

1 (6.7%)

0.330

0 (0%)

0 (0%)

0

Blood staining of mask
Bile fluid staining of mask

1.000

Values are numbers (%), PACU: Post anesthesia care unit
Group I-Baska maskâ, Group II-i-gelâ
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statistically significant variation in the oropharyngeal
pressure (OSP) between the two groups. OSP achieved
with Baska maskâ (34.82cmH2O) in the current
study was higher than that noted by Al Rawahi et al
(29.98cmH2O).8 Similarly, we observed a higher OSP
with i-gelâ (34.53 cmH2O) than that observed by Jeon
et al (24.3cmH2O).5 The secondary objectives of the
study were also comparable between the two groups.
The longer time for insertion of Baska maskâ (27.23
s) in comparision to that of i-gelâ (23 s) could be
attributed to the time taken for manipulation of the
tab of the Baska maskâ to increase its distal curvature
for adequate positioning. Time to insertion of Baska
maskâ was longer in our study in comparison to 16.43
reported by Al Rawahi et al5 and Van Zundert et al (16
± 6 s).1 Time to insertion varied due to the difference in
the way it was recorded.1,8 However, time to insertion in
our study is similar to the effective airway time (32 ± 12
s) recorded by Van Zundert et al.1 The time to insertion
of i-gelâ was shorter than that reported in other data.3,5,9
In comparing the first time successful insertion rate,
i-gelâ had a slight edge over the Baska maskâ, but this
was statistically insignificant. The first time successful
placement of Baska maskâ in our study (66.66%) was
less than in other studies,1,2 but that of i-gelâ (86.66%)
was comparable.10 The number of attempts needed to
insert both the SADs were comparable. Even though
the number of difficult insertion of the SAD were
more in the Baskaâ group compared to i-gelâ group,
the difference was statistically insignificant.
One would assume that the presence of variable
pressure recoiling membrane would lead to a decreased
chance of sore throat but there was a higher incidence
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of sore throat in patients with the Baska maskâ although
this difference was not statistically significant.
Blood staining on the Baska maskâ was more
than the i-gelâ, contrary to that observed by RARA
Aziz,11 but statistically insignificant. There was no
relationship between blood staining and the incidence
of sore throat and dysphagia. Similar to other studies,
the postoperative incidence of dysphagia, dysphonia,
nausea, vomiting and trauma to lips, tongue or teeth
were low.1,8,11,12 Both of these devices being non
inflatable do not need monitoring of intra-cuff pressure
and should not cause tissue or nerve damage as evident
in our study.
There were certain limitations in our study.
Participants with difficult airway were excluded from
the study so, the authenticity of these devices in difficult
airway cannot be predicted. The study was conducted
in patients with positive pressure ventilation and not
those on spontaneous ventilation.

Conclusion
Both of the Baska Mask and i-gel devices were
comparable in terms of OSP and time taken for
insertion, although a higher OSP was expected by
the unique self recoiling membrane present in Baska
maskâ. Hence, our study concludes that both Baska
maskâ and i-gelâ show comparable performance in
patients undergoing elective gynecological surgery.
Further studies should be conducted in other types
of surgical procedures and in patients with difficult
airways to have a more comprehensive outlook.
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Prevalence of CYP2D6-metabolism-dependent opioid
analgesics among postpartum patients
Deepak Gupta1

Abstract
Background: The question is whether postpartum patients can be exclusively managed on
cytochrome-P450-family-2-subfamily-D-member-6 (CYP2D6)-metabolism-independent drug
forms because their plasma concentrations after oral administrations will be more uniform and
predictable as compared to plasma concentrations after CYP2D6-metabolism-dependent oral
drugs varying from one extreme of non-efficacious concentrations (among the poor metabolizers)
to other extreme of dangerous concentrations (among the ultra-rapid metabolizers).
Objectives: The current retrospective study was designed with primary goal to ascertain the
prevalence of CYP2D6-metabolism-dependent codeine, hydrocodone and oxycodone oral forms’
usage among postpartum patients as compared to CYP2D6-metabolism-independent morphine and
hydromorphone oral forms’ usage.
Materials and Methods: Electronic medical records (EMR) were accessed for patients aged
18 years and above who were admitted to the two dedicated-exclusive postpartum floors during
one-year period (July 2013 to June 2014). The pharmacy department accessed its database to
tabulate the list of postpartum patients who were billed for oral analgesics and antiemetics for the
same one-year period.
Results: While only one patient had received oral morphine and oral hydromorphone, 532
postpartum patients (13%) were administered codeine alone or in combination with other oral
opioids during their hospital stay and a total of 1680 postpartum patients (41%) were administered
CYP2D6-metabolism-dependent opioids (codeine, and/or hydrocodone, and/or oxycodone) out
of the total 4063 patients admitted to postpartum floors during the one year period (July 2013June 2014). Among the abovementioned 1680 postpartum patients, only 509 patients (30%) had
documented co-administrations of antiemetics wherein oral hydrocodone administration (41%),
oral oxycodone administration (40%), combination oral opioid administration (33%) and oral
codeine administration (5%) demonstrated the descending order of likelihood for co-administration
of antiemetics.
Conclusion: The CYP2D6-metabolism-dependent opioids use as analgesics among
postpartum patients was very commonly prevalent during 2013-2014 at the author’s institute.
Keywords: Postpartum Period; Breast Feeding; Cytochrome P-450 CYP2D6; Codeine;
Hyrocodone; Oxycodone.
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Introduction

Materials and Methods

Pain, a very common symptom among postpartum
patients,1 is often managed with non-steroidal antiinflammatory drugs because common opioid analgesics
and their metabolites are secreted in human milk and
may have safety concerns for the breastfed infants.2-3
However, sometimes during inpatient stay and/or
at discharge to home, postpartum patients may be
prescribed opioid analgesics for management of severe
postpartum pain (after normal/instrumental vaginal
delivery or cesarean section). Herein, breast feeding may
NOT be advisable among post-partum patients if their
pain management (inpatient or outpatient) warrants oral
opioids such as codeine because the genetic variability
of cytochrome-P450-family-2-subfamily-D-member-6
(CYP2D6) can lead to ultra-rapid metabolism of codeine
and its conversion into dangerous levels of active drug
morphine in 1-2% patients.4 As similar to codeine, ultrarapid metabolism due to genetic variability of CYP2D6
has been documented with hydrocodone conversion
to active metabolite hydromorphone and oxycodone
conversion to active metabolite oxymorphone.5-9
Probability of central nervous system depression
(sedation) in breastfed neonates has been estimated to
be 17%-20% with maternal consumption of codeine
or oxycodone.10 Essentially, the question is whether
postpartum patients can be exclusively managed
on CYP2D6-metabolism-independent drug forms
(morphine and hydromorphone) because their plasma
concentrations (and consequent transfer into breastmilk with exposure to breastfed infants) after their oral
administrations will be more uniform and predictable
as compared to plasma concentrations (and consequent
transfer into breast-milk with exposure to breastfed
infants) after CYP2D6-metabolism-dependent oral
drugs varying from one extreme of non-efficacious
concentrations (among the poor metabolizers) to other
extreme of dangerous concentrations (among the ultrarapid metabolizers).

After Institutional Review Board approval for
retrospective study with waived consent designed to
decipher prevalence with cross-sectional analysis,
electronic medical records (EMR) were accessed for
patients aged 18 years and above who were admitted
to the two dedicated-exclusive postpartum floors
during one-year period (July 2013 to June 2014). The
pharmacy department accessed its database to tabulate
the list of postpartum patients who were billed for
oral codeine (in all forms), oral hydrocodone (in all
forms), oral oxycodone (in all forms), oral morphine
(in all forms) and oral hydromorphone (in all forms)
for the same one-year period. Similarly, a tabulated list
was generated for the antiemetics’ usage (ondansetron,
metoclopramide, promethazine and prochlorperazine
in all forms) among the postpartum floors’ patients
for the same one-year period. The hospital’s costs of
medications, patients’ charges for the medications
and patients’ age were recorded. For calculating
morphine milligram equivalents (MME), Centers for
Disease Control and Prevention (CDC) recommended
MME conversion factor was utilized for calculations
(codeine:0.15,
hydrocodone:1,
oxycodone:1.5,
11
morphine:1, and hydromorphone:4). The daily doses
of the opioids prescribed at discharge to home and
patients’ plans about breastfeeding were extracted
from EMR among these patients, as documented
during their inpatient stay or at the time of discharge.
Finally, the total postpartum patients’ census for this
period for these postpartum floors was extracted by
business systems applications tools/services.

Henceforth, the current retrospective study
was designed with primary goal to ascertain the
prevalence
of
CYP2D6-metabolism-dependent
codeine, hydrocodone and oxycodone oral forms’
usage among postpartum patients as compared to
CYP2D6-metabolism-independent morphine and
hydromorphone oral forms’ usage.

Statistical Analysis
Based on the postpartum floors’ one-year
census, the prevalence was planned to be deduced for
CYP2D6-metabolism-dependent analgesics (codeine,
hydrocodone and oxycodone) oral use and their costs
among the postpartum patients as compared to the
prevalence of CYP2D6-metabolism-independent
analgesics (morphine and hydromorphone) oral use and
their costs among postpartum patients. Prevalence of
concurrent antiemetics use among postpartum patients
was planned to be compared among postpartum
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neither reviewed nor analyzed during this study.
Among the remaining 1,680 patients who received
either only oral codeine (n=479) or only oral
hydrocodone (n=1109) or only oral oxycodone (n=10)
or combination of any of the abovementioned three
(n=82), only 509 patients (30%) had documented
co-administrations of antiemetics wherein oral
hydrocodone administration (41%), oral oxycodone
administration (40%), combination oral opioid
administration (33%) and oral codeine administration
(5%) demonstrated the descending order of likelihood
for co-administration of antiemetics. Patients’
demographics, medications’ total doses administered
during their hospital stay, administered medications’
costs to the hospital and corresponding medications’
charges billed to the patients are detailed in Table 1. It
can be seen that 532 postpartum patients (13%) were
administered codeine alone or in combination with
other oral opioids during their hospital stay and a total
of 1,680 postpartum patients (41%) were administered
CYP2D6-metabolism-dependent opioids (codeine,
and/or hydrocodone, and/or oxycodone) out of the total
4,063 patients admitted to postpartum floors during the
one year period (July 2013-June 2014). The details are
in the consort diagram (Figure 1).

patients receiving CYP2D6-metabolism-dependent
analgesics vs. postpartum patients receiving CYP2D6metabolism-independent analgesics. Chi Square test
(Fisher Exact Tests) for proportions’ comparisons and
analysis of variance (ANOVA) for means’ comparisons
were planned to be used with p-value of <0.05 as
statistically significant.

Results
A total of 1,715 patients were delineated among
whom only one patient had received oral morphine and
oral hydromorphone. Henceforth, only 1,714 patients’
data was analyzed who all received oral codeine
and/or oral hydrocodone and/or oral oxycodone
and/or antiemetics (ondansetron, metoclopramide,
promethazine, prochlorperazine) in any form during
their inpatient stay at the postpartum floors. There
were 34 patients who received antiemetics despite
the absence of co-administrations of oral codeine/
hydrocodone/oxycodone; these 34 patients may be
representing the antiemetic usage with intravenous
forms of opioids (intravenous morphine or intravenous
hydromorphone) and rare oral/sublingual forms of
opioids (methadone/buprenorphine) which were

Table 1
Patients Demographics, Opioid Doses, Hospital Costs and Patient Charges Data
Patients’ Age in
years
(Mean ±SD)

Medication Dose (in
mg) Received By The
Patients As Inpatient
(Mean ±SD)

Medication Costs (in US
Dollar) To The Hospital
For The Inpatient
(Mean ±SD)

Medication Charges
(in US Dollar) For The
Patients As Inpatient
(Mean ±SD)

27.5 ±5.8

169.7 ±121.9

1 ±0.7

21.8 ±14.4

Hydrocodone
(n=1191)

27.3 ±6

90.6 ±47.7

3.4 ±1.9

37.7 ±20.9

Oxycodone
(n=40)

27.7 ±5

91.1 ±119.5

3.9 ±7.4

55.1 ±71.2

Ondansetron
(n=504)

27.6 ±6.1

5 ±2.7

0.6 ±0.3

11.2 ±5.2

Metoclopramide
(n=9)

30.3 ±4.8

32.2 ±27.7

0.3 ±0.2

17.4 ±15

Promethazine
(n=65)

28.1 ±5.9

29.2 ±13.7

0.8 ±0.5

15.6 ±27.9

Prochlorperazine
(n=7)

31.3 ±5.6

10 ±0

2.1 ±1.6

23.2 ±12.8

Medication Received Alone or
In Combination With Others
As Inpatient
Codeine
(n=532)
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Fig. 1
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Patients’ discharge medications as corresponding
to their inpatient medications are detailed in Table 2
along with the subdivision of postpartum patients in
terms of documented plans for breastfeeding their
infants. Due to incomplete data about prescribed
medications at discharge and/or missing data about
breastfeeding status of the postpartum patients and/
or documented prescriptions for other opioids with or
without oral codeine/hydrocodone/oxycodone, Table
2 includes only 1,610 patients data (32 inpatients
who received antiemetics only, 1,082 inpatients
who did not need antiemetics’ co-administration
with oral codeine/hydrocodone/oxycodone, and 496
inpatients who received antiemetics along with oral
codeine/hydrocodone/oxycodone).
Interestingly,
while deciphering Table 2 data, it can be seen that
among patients who were discharged without oral
opioids, only 54% were documented to be planning
for breastfeeding their infants as compared to patients
who were discharged on CYP2D6-metabolismdependent oral opioids wherein as many as 58% were
documented to be planning for breastfeeding their
infants. Essentially, as compared to 2011 breastfeeding
rates data wherein 79% mothers in the United States
(U.S.) breastfed their infants,12 the current retrospective
study data based on EMR documentations suggest
that during 2013-2014, at least 57% of postpartum
patients (n=1,610) were breastfeeding or considering
to breastfeed their infants. Additionally, overall 71%
of postpartum patients (n=1,610) were prescribed
CYP2D6-metabolism-dependent oral opioids at the
time of discharge from the hospital; and patients who
as inpatients received CYP2D6-metabolism-dependent
oral opioids along with antiemetics were most likely
(92%) to be discharged on CYP2D6-metabolismdependent oral opioids as compared to the inpatients
who did not receive antiemetics with CYP2D6metabolism-dependent oral opioids (62%) or the
inpatients who received antiemetics in the absence of
CYP2D6-metabolism-dependent oral opioids (19%).

Discussion
The key findings of this study were that during
2013-2014, (a) almost none of the patients received
CYP2D6-metabolism-independent
oral
opioids,

21
oral morphine or oral hydromorphone, during their
postpartum stay at our hospital; (b) CYP2D6metabolism-dependent oral opioids were the chosen
medications for administration in more than 40%
postpartum patients complaining about pain; (c) codeine
use was common (>10%) among our postpartum
patients; (d) compared to postpartum patients receiving
other CYP2D6-metabolism-dependent oral opioids,
postpartum patients who received hydrocodone also
received antiemetics more commonly during their
hospital stay; and (e) irrespective of whether our
postpartum patients received CYP2D6-metabolismdependent oral opioids or not, breastfeeding rate
among our postpartum patients was more than 50%
although it was lower than national breastfeeding rates
which had been reported to be almost 80%.
Although the author was inspired in 2014 when
the author realized a seven years older public health
advisory by U.S. Food & Drug Administration (FDA)
issued on August 17, 2007 cautioning about risks of
CYP2D6-metabolism-dependent codeine use among
mothers,13-14 the current study was designed three
years prior to both FDA drug safety communication
issued on April 20, 2017 recommending against use
of codeine in breastfeeding patients and the American
College of Obstetricians and Gynecologists (ACOG)
practice advisory issued on April 27, 2017 in regards
to preferring CYP2D6-metabolism-independent oral
morphine/hydromorphone compared to CYP2D6metabolism - dependent codeine/ hydrocodone/
oxycodone among breastfeeding mothers.15-16 However,
the study could not be complete until 2018. Therefore,
although CYP2D6-metabolism-dependent opioids are
the only or almost only oral opioids that were being
prescribed among postpartum patients during 20132014 at the author’s institute, the current study needs a
follow up study to ascertain whether the scenario has
changed after 2017 FDA drug safety communication
or 2017 ACOG practice advisory. It will be also
interesting to gauge the effects of CDC guideline,17
that has been recently reinforced by multiple new
legal statutes,18 for keeping prescribed opioid dosages
below 90 MME/day (preferably below 50 MME/day)
while being prescribed for less than 7 days (preferably
for less than 3 days) in the case of acute pain patients
which most of the postpartum patients are. Although
as of now, the 2017 ACOG practice advisory stands
M.E.J. ANESTH 27 (1), 2020
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Table 2 (a)
Morphine Milligram Equivalent Prescribed At Postpartum Patients’ Discharge
Prescribed
Opioid At
Discharge In Breast-Feeding
vs. Bottle-Feeding Patients

Number of
Patients

Median(Range)
Morphine
Milligram
Equivalents’
Total Daily Dose
Post Hospital
Discharge

Postpartum
Patients Who
As Inpatient
Received
Oral Codeine
Only (n)

Postpartum
Patients Who
As Inpatient
Received Oral
Hydrocodone
Only (n)

Postpartum
Patients
Who As
Inpatient
Received
Oxycodone
Only (n)

Postpartum
Patients Who
As Inpatient
Received
Combination
of Oral
Opioids (n)

PATIENTS WHO RECEIVED ORAL OPIOIDS WITH ANTIEMETICS AS INPATIENT
No Opioids Prescribed At Discharge

Breast-Feeding

23

-

9

11

0

3

Bottle-Feeding

15

-

2

12

1

0

Oral Codeine Prescribed At Discharge
Breast-Feeding

6

31.5 (27)

4

0

0

2

Bottle-Feeding

4

45 (27)

3

0

0

1

Oral Hydrocodone Prescribed At Discharge
Breast-Feeding

257

60 (160)

3

246

0

8

Bottle-Feeding

176

75 (150)

1

170

0

5

Oral Oxycodone Prescribed At Discharge
Breast-Feeding

4

75 (30)

0

0

0

4

Bottle-Feeding

2

157.5 (225)

0

0

2

0

Combination of Oral Opioids Prescribed At Discharge
Breast-Feeding

6

100.5 (78)

0

3

0

3

Bottle-Feeding

3

126 (95.4)

0

3

0

0

PATIENTS WHO RECEIVED ONLY ANTIEMETICS AS INPATIENT
No Opioids Prescribed At Discharge
Breast-Feeding

14

-

-

-

-

-

Bottle-Feeding

12

-

-

-

-

-

Oral Hydrocodone Prescribed At Discharge
Breast-Feeding

3

90 (45)

-

-

-

-

Bottle-Feeding

3

90 (0)

-

-

-

-
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Table 2 (b)
Morphine Milligram Equivalent Prescribed At Postpartum Patients’ Discharge
Prescribed Opioid
At Discharge In
Breast-Feeding
vs. Bottle-Feeding
Patients

Number of
Patients

Median(Range)
Morphine
Milligram
Equivalents’ Total
Daily Dose Post
Hospital Discharge

Postpartum
Patients Who
As Inpatient
Received Oral
Codeine Only
(n)

Postpartum
Patients Who
As Inpatient
Received Oral
Hydrocodone
Only (n)

Postpartum
Patients Who
As Inpatient
Received
Oxycodone Only
(n)

Postpartum
Patients Who
As Inpatient
Received
Combination
of Oral
Opioids (n)

PATIENTS WHO RECEIVED ORAL OPIOIDS WITHOUT ANTIEMETICS AS INPATIENT
No Opioids Prescribed At Discharge
Breast-Feeding

217

-

172

43

0

2

Bottle-Feeding

190

-

156

23

1

10

Oral Codeine Prescribed At Discharge
Breast-Feeding

45

27 (99)

44

0

0

1

Bottle-Feeding

34

27 (54)

28

3

0

3

Oral Hydrocodone Prescribed At Discharge
Breast-Feeding

325

60 (160)

2

310

1

12

Bottle-Feeding

253

60 (175)

3

238

0

12

Oral Oxycodone Prescribed At Discharge
Breast-Feeding

6

78.8 (45)

0

0

3

3

Bottle-Feeding

3

60 (45)

0

0

0

3

Combination of Oral Opioids Prescribed At Discharge
Breast-Feeding

6

121.5 (63)

0

6

0

0

Bottle-Feeding

3

90 (138)

0

0

0

3

withdrawn in favor of aggressive measures shifting
gears for the postpartum pain management,16 just like
any other pain management, from abandoning primary
opioid-based pain management to reviving primary
non-opioid-based pain management, the concerns
regarding CYP2D6-metabolism-dependent opioids
use (codeine, hydrocodone and oxycodone) are still
highlighted in the current ACOG Committee Opinion
dated May 18, 2018.19
The current study has few limitations. As it was
missed out at the time of designing the study, the
data was not collected, analyzed and thus separated

between the patients who underwent vaginal deliveries
vs. the patients who underwent cesarean sections
which might have highlighted the differences (if
any) in their pain medications’ requirements. In this
female-patient-only population based retrospective
study, the only demographic that was collected during
the project was patients’ age as shown in Table 1.
Although other demographics like height, weight,
body mass index and race/ethnicity would have
enhanced data analysis, they were not collected during
this retrospective study due to logistics with the author
being the lone researcher collecting and analyzing the
M.E.J. ANESTH 27 (1), 2020
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multi-thousand patient charts’ data. Antiemetics’ usage
data was collected as an indirect evidence of sideeffects of CYP2D6-metabolism-dependent opioids
assuming a potential risk for increased antiemetics’
requirements in undiagnosed ultra-rapid metabolizers.
However, while antiemetics’ usage data as a reflection
of variability in side-effects of oral opioids (codeine,
hydrocodone and oxycodone) became integral and thus
inseparable to the overall data analysis as incorporated
in Table 2, the comparative analysis which could have
enhanced the significance of antiemetics’ usage’s
incorporation into this retrospective analysis could not
be performed because as compared to 1,714 patients
receiving CYP2D6-metabolism-dependent opioids
orally (codeine, hydrocodone and/or oxycodone),
only one patient received CYP2D6-metabolismindependent opioids orally (morphine and/or
hydromorphone). Although it would have been better
to explore the incidence of respiratory depression
and over-sedation secondary to undiagnosed ultrarapid metabolizers among these patients, objectively
capturing data about respiratory depression and oversedation retrospectively was extremely difficult for
this study. Even though it was not feasible for this
retrospective study to collect neonatal outcomes data

Deepak Gupta

with (a) neonates’ medical records being separate
from their mothers’ medical records and (b) postdischarge hospital-revisit data not being explored
at all during this study, inclusion of such neonatal
outcomes data like potentially increased toxicity
among the neonates being breastfed in hospital and/
or at home by undiagnosed ultra-rapid metabolizers
would have enhanced the effect of breast-feeding data.
However, the breast-feeding mothers’ prevalence data
itself highlighted at least the enormity of neonatal
population being exposed to the risks when they
are being breast-fed by mothers who are consuming
prescribed CYP2D6-metabolism-dependent opioids.

Conclusion
The CYP2D6-metabolism-dependent opioids
use as analgesics among postpartum patients was very
commonly prevalent during 2013-2014 at the author’s
institute. Future studies are required to ascertain if
the clinical scenario was historically similar in other
institutes in the U.S. around the similar time periods
and whether things had changed in accordance to FDA/
ACOG recommendations after 2017 or will change
after ACOG committee opinion dated May 18, 2018.
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Effect of in vivo Oxygen Therapy
on Mucociliary Clearance
Mohammed Dhafer Alahmari1

Abstract
Background: Nasal mucociliary clearance is an important defense mechanism of the
respiratory system. This study aimed to investigate in vivo the short-term effects of non-humidified
oxygen therapy on nasal mucociliary clearance time in healthy individuals.
Method: Twenty-one healthy non-smokers (14 male and seven female) with no history of
nasopharyngeal symptoms or disease were enrolled in this study (Table 1). All individuals received
three hours of standard nasal cannula oxygen therapy without humidification, at 2 L/min and 4
L/min. Nasal mucociliary clearance using in vivo saccharin transit time (STT) was measured as
described by Rutland and Cole. The time in minutes at which the subject reported a sweet taste after
saccharin application on the inferior turbinate of the nasal cavity under direct visualization was
recorded using a stopwatch. Nasopharyngeal symptoms were also assessed. A one-way ANOVA
was run followed by post-hoc Tukey analysis. A P value of 0.005 was considered significant.
Results: The nasal mucociliary clearance was significantly decreased after three hours of
oxygen therapy at 4 L/min compared to the baseline (15.46 ± 2.89 vs. 18.86 ± 4.03 minutes;
ANOVA P = 0.003), as shown in Figure 1. None of the individuals had any nasopharyngeal
symptoms before the application of oxygen therapy.
Seven out of the 21 individuals (33%) experienced at least one nasal symptom after 2 L/min
of oxygen via nasal cannula, and 14 out of 19 (74%) individuals experienced at least one nasal
symptom after 4 L/min of oxygen via nasal cannula. There was a general increase in the number of
all symptoms during the oxygen therapy treatment, and the most common nasal symptom at both
flow/liters was dryness of the nose. The higher the oxygen flow, the more symptoms were noticed.
Conclusion: Our results show that three hours oxygen therapy slows the nasal mucociliary
clearance time and is associated with several upper airways symptoms.
Keywords: oxygen therapy; mucociliary clearance; nasal cannula; nasopharyngeal symptoms;
flow/liters; healthy individuals.
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Introduction

Method

The nose and the upper respiratory tract are
the first barriers for inhaled dust particles, microbes
and other substances. Nasal mucociliary clearance
(MCC) is a vital defense mechanism of the upper
respiratory tract,1 and any harmed mucociliary
clearance may cause mucus retention, increased
chance of nasopharyngeal or respiratory symptoms,
and airway inflammation. In the respiratory tract,
the combination of the ciliary and mucus functions
plays a significant role in the mechanism of efficient
mucociliary clearance.2 MCC refers to the respiratory
system where different types of pathogens,
allergens, debris and toxins are captured and further
moved out with the help of ciliary mechanism.3 The
cilia continuously beat in synchrony to perform
efficient clearance. However, when the cilia beat
becomes asynchronous, the MCC mechanism may
become ineffective.4 In primary ciliary dyskinesia,
asynchronous movements were reported.5 During
the process of inspiratory breathing, air travels
through the nose, pharynx, larynx and trachea. Due
to the efficient ability of the nose and upper airway
system to humidify and warm the inspired gas, the
inspired gas is humidified and warmed up to the
level of body temperature and efficiently saturated
with water vapor on the way down towards the
alveoli. The upper airways, and in particular the
nose, are also found to work as excellent radiators:
during the process of normal breathing, even with
the presence of cold and dry air, they are able to
maintain proper temperature in the oropharyngeal
space.6 Supplemental oxygen therapy, however, is
not commonly humidified when given at lower flow
rates. Bubble humidifiers are used occasionally for
humidifying medical gases delivered to patients with
spontaneous breathing, but the absolute humidity
of the emergent gas remains low.7 However, nonhumidified air may cause ciliary dysfunction and
changes in mucus properties that lead to MCC
impairment.8

Upon recruitment, the purpose of the study was
explained, and written informed consent was obtained
from the participants. The Institutional Review Board
of the Prince Sultan Military College of Health
Sciences approved the study (approval number: IRB2017-18-09).

We conducted this study to understand the
behavior of nasal mucociliary clearance time with in
vivo use of oxygen therapy in healthy individuals.

Study population:
A total of 21 healthy non-smokers (14 male
and seven female participants) with no history of
nasopharyngeal symptoms or disease were enrolled in
this study.
The exclusion criteria were ongoing respiratory
exacerbation, uncontrolled asthma, rhinitis, nasal
surgeries, nasal and chest allergies, smokers, and
individuals taking nasal medications. Also, participants
with obstructed nostrils and rhinorrhea were excluded.

Study procedure
All study participants received three hours
of standard nasal cannula oxygen therapy without
humidification, at 2 L/min (n = 21) and 4 L/min (n =
19). Nasal mucociliary clearance (NMC) with the help
of in vivo saccharin transit time (STT) was measured
as described by Rutland and Cole.9
This is the standard technique for measurement
of NMC. Before the initiation of the procedure, all
individuals were especially instructed to spend at least
60 minutes in a normal environment, which was devoid
of any dust particles and breeze with relative humidity.

Protocol
A saccharin particle of 1 mm in diameter was
placed in the inferior nasal turbinate at the medial
surface, at least 1 mm behind the anterior end of the
turbinate. The individual was positioned and adjusted
in such a manner that the head was flexed at 10
degrees. All individuals were instructed to not sneeze,
sniff, cough, drink or eat during the test period. The
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individuals were instructed to record the taste of the
saccharin as soon as it was noted. The time between
placing the saccharin particle in the nose and the initial
perception of the sweet taste was recorded down in
minutes. If taste was not perceived after 60 minutes,
the test was terminated. The time in minutes at which
the subject reported a sweet taste after the saccharin
application on the inferior turbinate of the nasal
cavity under direct visualization was recorded using
a stopwatch. Nasopharyngeal symptoms were also
assessed during the oxygen delivery.
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Table 1
Baseline information of subjects enrolled in the study

Details of
subjects
studied

2 L/m
(n =21 )

4 L/m
(n =19 )

Mean

SD

Mean

SD

Age, years

24.5

3.9

24.6

3.8

Weight, kg

63.2

8.8

63.8

9

Height, cm

166

10.8

167

11.2

Smoking
history

Never-smoking

Never-smoking

Nasal
symptoms

None

None

Medications

None

None

Statistical analysis
A power analysis considering a difference of 2
min in mucociliary clearance to be clinically significant
and a standard deviation of 3 min in the average
mucociliary clearance (pilot data) as well as a Type I
error of 5% and Type II error of 20% (i.e., power of
80%), at least 18 subjects are needed for the study.

Fig. 1
Oxygen therapy causes a flow-dependent alteration in nasal
mucociliary clearance. Lines represent mean and standard
error. Significant differences illustrated using ANOVA with
post-hoc analysis

The data were analyzed using GraphPad Prism
8 software (GraphPad Software Inc., La Jolla, CA,
USA). The Kolmogorov-Smirnov test of normality
was applied. A one-way ANOVA was run to examine
the dose-response differences between oxygen therapy
treatments, followed by post-hoc Tukey’s multiple
comparison tests. Frequency was used to compare
nasopharyngeal symptoms at baseline and after 2
and 4 L/min of oxygen therapy. A P value <0.05 was
considered statistically significant.

Results
The characteristics of the healthy volunteers
enrolled in the study are reported in Table 1.
A total of 21 healthy volunteers participated in
the experiment (21 participants at 2 L/min and 19
participants at 4 L/min as 2 subjects dropped from
the 4 L/min group. The nasal mucociliary clearance
rate was found to be considerably decreased after the
period of three hours of oxygen therapy at 4 L/min,
when compared to the baseline (15.46 ± 2.89 vs. 18.86
± 4.03 minutes; ANOVA P = 0.003), as shown in
Figure 1.

The nasopharyngeal symptoms before and after
oxygen therapy are presented in Table 2. None of the
individuals had airway symptoms before the oxygen
therapy. None of the individuals experienced sneezing
at 2 L/min. However, 2 out of 19 (10.5%) individuals
were found to be affected at 4 L/min. Itchy nose was
noted in 4 out of 21 (19%) individuals at 2 L/min
and in 9 out of 19 (47.4%) individuals at 4 L/min.
Seven of the individuals (33%) experienced at least
one nasal symptom (nasal dryness) after receiving
2 L/min oxygen via nasal cannula, and 14 out of 19
(74%) individuals experienced nasal dryness after the
4 L/min therapy. Dry mouth and blocked ears were
reported at 4 L/min in 6 out of 19 (31.6%) and 1 out
M.E.J. ANESTH 27 (1), 2020
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of 19 (5%) participants respectively, while 1 (5%)
individual reported dry mouth and throat at 2 L/min.
There was a general increase in the number of all the
nasopharyngeal symptoms during oxygen therapy and
the most common nasal symptoms at both flow/liters
was dryness of the nose, as shown in Table 2.

water by the nasal mucosa,12 which may further lead
to the reduction of the nasal mucociliary clearance
rate through changes in the rheological properties
of the mucus in the nasal cavity and/or reduction
of ciliary pulses.10 Commonly the conventional
oxygen devices are found to be associated with mask
discomfort, oral dryness, nasal dryness, nasal and
eye trauma, eye irritation and gastric distention.13
Our study reported similar symptoms but further
described the consequences of such symptoms on
mucociliary clearance and possible pro-inflammatory
activity. Future studies will need to investigate the proinflammatory response to different gas flows at higher
rates.

Discussion
This study indicates that dose-response oxygen
therapy via nasal cannula slows the mucociliary
clearance and results in the development of
nasopharyngeal symptoms. The development of these
symptoms is related to the increase in the oxygen
therapy application.

A study conducted by Rubin et al.14 showed
an increase in mucociliary clearance observed in
asymptomatic smokers mediated through the changes
in the physical properties of the mucus. This effect
was likely in recognition of loss from acute epithelial
damage. Togias et al.15 demonstrated that inhalation
of cold dry air acts as a physical stimulation to the
airways, causing a local release of pro-inflammatory
mediators probably due to osmolarity changes of the
extracellular fluid. Multiple inflammatory mediators
were found to be responsible for the increase in the
ciliary beating frequency.16

Breathing dry air is also known to reduce
nasal mucociliary clearance.10 This study reported
that dry oxygen gas elicited complaints from the
patients, including itchy nose, dryness of the nose,
mouth and throat, as well as other nasal symptoms.
Unconditioned introduction of medical gases increases
airway resistance in order to protect the respiratory
system from cold or dry inspired air by reducing the
air flow in the upper and tracheobronchial airways.
Fontnari and his team reported similar changes in
airway resistance induced by inhalation of dry cold air
or moist air in normal subjects.11 Similar findings were
also noted by Salah and his team, who studied nasal
mucociliary transport in healthy individuals and found
that mucociliary transport is slower when breathing
dry air.10

Studies of the percentage of tracheobronchial
deposition as a function of radio-aerosol inhalation
(no medication) showed a reduced deposition from the
last inhalation increased.17 These findings are similar
to our findings, where it suggested that as the airway
becomes dry, the subjects find it increasingly more

Breathing dry gas may lead to excessive loss of

Table 2
Total nasopharyngeal symptoms with oxygen therapy application to health-subjects in vivo
Nasopharyngeal symptoms
Nasal Cannula
(oxygen therapy)

Itchy nose

Dryness in nose

Dry mouth/
throat

Blocked ears

0

0

0

0

0

2 L/m
(n = 21)

0 (0%)

4 (19%)

7 (33%)

1 (5%)

0 (0%)

4 L/m
(n = 19)

2 (10.5%)

9 (47.4%)

14 (74%)

6 (31.6%)

1 (5%)

Sneezing

Baseline (no treatment)

* Data are expressed as number (%) of subjects.
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uncomfortable to clear secretions of the airway. It is
commonly presumed that contact with an inspired
humidified gas warmed to body temperature will
cause less mucociliary desiccation and thus maintain
mucociliary clearance when compared to other
methods of oxygen delivery.
Our study demonstrated that the dose-response of
oxygen application was associated with the functional
consequences of reduced nasal clearance and with more
significant nasopharyngeal symptoms when compared
to lower air gas. Studies have shown that nasal CPAP
resulted in reduced mucociliary clearance and induced
airway inflammation.18 These studies showed that
more than 50% of the individuals experienced at least
one nasopharyngeal symptom after the initial CPAP
application. In our study, there is a similarity in the
prevalence of nasopharyngeal symptoms which was
increased with a higher dose-response of oxygen
therapy. Our results add to the literature by revealing a
direct effect of the airflow, rather than a consequence
of mechanical or pressure stretch. It is unlikely that the
nasal epithelium is able to contain stretch mechanisms,
given the confines of the nasal cavity within the bony
structures of the skull.

30

This study has limitations. These data consist of a
small sample size and represent a preliminary data set
for a large study to assess the mucociliary clearance
and inflammation associated with different oxygen
modalities. However, this study presents only one
type of oxygen modality. The study did not compare
humidification and other oxygen modalities to the
current study design.

Conclusions
The results demonstrated that three hours of
oxygen therapy slows the nasal mucociliary clearance
time and is associated with a number of upper airways
symptoms. These preliminary results also suggest that
pre-hydration is beneficial for maintaining better nasal
mucociliary clearance during application of oxygen
therapy even with lower liter of oxygen flow. Strategies
to counter the initial side effects of any medical dry
gas treatments and to improve treatment retention may
target the epithelial lining of the respiratory airway
system.
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A randomised comparative study between
single injection and single needle
pass double injection technique in
ultrasound guided supraclavicular
brachial plexus block
Pratap R Mahanty,1 Bhanu P Swain,2
Maneesha Mrigank2 and Amlan Swain3

Abstract
Background: Consensus is lacking regarding the finer points of drug injection in ultrasound
guided supraclavicular brachial plexus block. Single and multiple injection techniques have been
investigated and they have demonstrated their own set of advantages and disadvantages.
Objective: This prospective observer blinded study compared the single corner pocket
injection technique with single needle pass 2-injection technique.
Methodology: Hundred patients planned for upper limb surgery were randomly allocated in
to one of two groups (Group S and group D). In group S, 30 ml of the drug (0.5% ropivacaine) was
injected in the corner pocket formed by the junction of 1st rib and subclavian artery. In group D
10 ml of drug was injected in corner pocket and remaining 20 ml in the centre of the plexus. The
primary objective was to find out the block onset time. The secondary objectives were percentage of
surgical anesthesia, procedure time, duration of block, incidence of procedure related paraesthesia
and Horner’s syndrome. Fisher Exact test and Z-test were used for statistical analysis.
Results: In group D, block onset was quicker (18.5 ± 5.08 vs. 25.33 ± 3.27 min; p <0.001)
and procedure time was longer (9.12 ± 1.92 vs. 8.36 ± 1.86 min; p = 0.047). All patients in group D
achieved surgical anesthesia, compared to 94% in group S. There was no difference in the incidence
of paraesthesia and Horner’s syndrome.
Conclusion: This single needle pass 2-injection technique ensures faster onset and more
successful block as compared to single injection technique in ultrasound guided supraclavicular
brachial plexus block.
Clinical trial number: Clinical Trial Registry-India-CTRI/2018/01/011076
Keywords: Ultrasound, Block, Brachial plexus, Paraesthesia, Horner’s syndrome.
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Introduction
Ultrasound has radically improved accuracy,
effectiveness and patient safety in supraclavicular
brachial plexus block (SCBPB) by allowing real time
visualisation of nerve plexus, needle position, and
the surrounding structures.1 However, there is lack of
consensus regarding injection technique and needle
placement in ultrasound guided SCBPB despite a
significant quantum of research in this field. Single
as well as multiple injection techniques have been
described. Available evidence suggests that single
injection of local anesthetics in the corner pocket formed
by the intersection between subclavian artery and the
first rib results in effective surgical anesthesia.2,3,4
Studies comparing multiple injection techniques with
the single injection technique in ultrasound guided
SCBPB have reported similar efficacy.5,6,7 It is pertinent
to note that each of these techniques have their own
advantages and disadvantages. The single injection
technique requires less needle manipulation, has an
acceptable success rate but may result in delayed onsets
and occasionally incomplete block.8 Multiple injection
techniques provide faster onset of block; however, they
necessitate multiple needle manipulations, resulting in
increased procedure time and patient discomfort.9
In our centre, whereas the single injection
modality is more commonly practiced, regional
anesthesia practitioners have always felt the need of a
technique that would combine the benefits of single as
well as multiple injections with the aim of ensuring a
quicker onset and complete block with minimal needle
manipulation. We devised a ultrasound guided SCBPB
injection technique wherein drug was administered at
two locations in the brachial plexus whilst employing
a single needle pass. We hypothesised that our
2-injection technique would enable faster onsets and
complete block of brachial plexus in comparison to the
single injection technique.

Methods
After obtaining institutional ethics committee
approval we conducted this study in 100 consenting
patients of ASA grade 1-3 of either sex, between the
age of 17-70 years. Patients scheduled for elective
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surgery on upper extremity below mid-humerus were
selected. Uncooperative patients, patients with known
neurological disorder or pre-existing neurological
deficits in the operative limb, patients having history of
allergy to ropivacaine, presence of infection at the site
of injection, obese patients (BMI >35 kg/m2), patients
having severe coagulopathy and patients with severe
pulmonary disease or having poor respiratory reserve
were excluded from the study.
Randomization was carried out by a computerized
random number generator and group allocation of
patients was done by a person not involved in the study
via sealed opaque envelope. There were two groups:
a single needle pass two injections group (Group D;
n = 50) and a single corner pocket injection group (S;
n = 50). In the operation theatre after attachment of
standard ASA monitors and securing of intravenous
cannula, all patients were positioned supine with head
resting on a ring, taking care to keep their ipsilateral
arm adducted and shoulder depressed. A roller pack
was placed in between the scapulae and the patients
were instructed to turn the head slightly towards
contralateral side of injection for better exposure of
neck. In all patients, full asepsis at the site of injection
was achieved. This was followed by placement of
linear high frequency ultrasound probe covered with
a sterile transparent cover (SIEMENS ACUSON X
300 ultrasound machine) in the supraclavicular fossa
with subsequent manipulation to obtain an optimal
ultrasound image of the subclavian artery in the
rounded transverse view superficial to the 1st rib and
the brachial plexus just cephalad and posterolaterally
to the subclavian artery. Locoplex (Vygon) 50 mm
nerve block needle and peripheral nerve stimulator
(Plexygon, Vygon) was used for all the procedures.
In both groups the needle was introduced from
lateral to medial in plane with the ultrasound probe
after infiltrating the skin with 1 ml of 2% of lignocaine.
In Group D, the needle was initially positioned in the
corner pocket formed by the junction of subclavian
artery and 1st rib (Imaginary 5 O’ clock or 7 O’ clock
position of artery) by passing through the neural cluster
and 10 ml of 0.5% ropivacaine was injected after
excluding intravascular needle placement by negative
aspiration of blood. The needle was then withdrawn
and 20 ml of 0.5% ropivacaine was injected in the

Single vs. Double injection technique in US-SCBPB

centre of the neural cluster. In group S, a total of 30 ml
of Ropivacaine 0.5% was injected in the corner pocket.
To prevent intraneural injection, drug injection was
avoided when evoked motor response was obtained
at current <0.2 mA or there was severe pain or high
pressure (subjective) during injection. All the blocks
were performed by a single anesthesiologist (BPS) well
versed in ultrasound guided regional anesthesia. A 2nd
anesthesiologist (PRM), monitored the total procedure
related time, which includes both imaging and block
performance time. The imaging time was defined as the
time taken for getting an acceptable image of brachial
plexus after placing the ultrasound probe on the patient.
The performance time was defined as the time of
insertion of needle through the skin till the needle was
taken out after deposition of drug. Procedure related
paraesthesia, complications like vascular puncture,
hematoma formation, pneumothorax, and Horner’s
syndrome were recorded.
After the performance of the block, a blinded
observer (MM) evaluated the sensory and motor
block every 5 minutes till 30 minutes. Sensory block
was evaluated by observing reduction in perceiving
cold sensation to alcohol swab on the fifth finger
(ulnar nerve), palmar aspect of second finger (median
nerve), dorsum of the hand between thumb and second
finger (radial nerve), and lateral aspect of forearm
(musculocutaneous nerve) according to a 3-point
scale (0 = no block, 1 = no cold sensation but can
feel touch, 2 = patient cannot feel touch). Similarly,
motor block was assessed by a 3-point scale (0 = no
block, 1 = paresis, 2 = paralysis). Motor block of
musculocutaneus, radial, median and ulnar nerves were
assessed by elbow flexion, thumb abduction, thumb
opposition and thumb adduction respectively. Onset
of sensory block in each nerve was defined as time
required to achieve complete loss of sensation (score =
2) in the respective area innervated by the nerve. Onset
of motor block in each nerve was defined as the time
required to achieve complete loss of movement (score
= 2) in the respective muscle groups innervated by the
nerve. Onset time was defined as the time required
in obtaining a score of 14 out of maximal composite
score of 16 (complete sensory and motor block of all 4
nerves). In patients who did not achieve a score of 14
at the end of 30 min, the onset time was not recorded.
If the surgery was successfully conducted without
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the need of general anesthesia, rescue blocks or local
infiltration, it was recorded under surgical anesthesia.
The block was labelled as failure where the patient
required supplemental anesthesia.
After the end of the surgery when patient arrived
in the postoperative ward, offset of sensory and motor
blocks were assessed every 30 min in the same manner
as done in the preoperative period. Duration of sensory
block was defined as the time elapsed from onset
of sensory block to complete recovery of sensation
to touch in distribution of all four nerves (score 0).
Similarly, duration of motor block was defined as the
time elapsed from onset of motor block to complete
recovery of motor movement in all muscle groups
(score 0). In the post-operative period, the VAS
was monitored every hour and rescue analgesia in the
form of injection of fentanyl 1mcg/kg intravenously
was administered once VAS was observed to be more
than 3 or patient complained of pain. Duration of
analgesia was defined as the time from the onset of
complete block till the patient requires rescue analgesia
for the first time.
The primary outcome of our study was the block
onset time. The secondary outcome measures were
the procedure time, percentage of surgical anesthesia,
incidence of parasthesia, Horner’s syndrome and
duration of block.

Statistical analysis
Block onset time was used to calculate sample
size. In a pilot study done on 10 subjects we found
the average block onset time in single corner pocket
injection technique to be 28.4 ± 7.6 minutes. As per the
hypothesis of the study, we considered a decrease of
30% (8.52 minutes) in the onset time using 2-injection
technique to be clinically significant. Thus, considering
alpha error of 2.5% and power of study as 90%, a total
sample size calculated as 80 with 40 in each group.
Since block onset time can only be calculated in
patients who would achieve the composite score of
14 in 30 minutes and we expected approximately 80%
of patients (based on pilot study) to get this score, we
increased the sample size to 100 patients with 50 in
each group to accommodate patients who wouldn’t
achieve the score of 14 in 30 minutes.
M.E.J. ANESTH 27 (1), 2020
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Table 1
Patient Demographics
Parameters

Single Injection (n = 50)

Two Injection (n = 50)

P value

40.56 ± 15.56

42.62 ± 17.30

0.53

21/29

17/33

0.41

28.63 ± 3.60

28.41 ± 3.55

0.76

21/24/0/5

13/24/4/19

0.135

29/21/0

28/17/5

0.066

Age in years (Mean ± SD)
Sex (F/M)
BMI (mean ± SD)
Surgical site (Elbow/Forearm/Wrist/Hand)
ASA (I/II/III)

The collected data was organised, tabulated and
statistically analysed using “MedClac software version
17.2” (MedCalc Software bvba, Ostend, Belgium).
Numerical data and categorical data were expressed as
mean ± standard deviation, and relative frequency or
percentage respectively. The “Fisher Exact test” was
used to compare categorical data while the “Z-test” was
used test the significance for difference of proportions
between the two groups of patients. P value <0.05 was
considered statistically significant.

Results
There were no differences in demographic

parameters and surgical procedures between the two
groups (Table 1). The 2-injection technique achieved
significantly a shorter onset time (18.5 ± 5.08 min vs.
25.33 ± 3.27 min; P <0.001) (Table 2). At 20 minutes of
block performance, 80% of patients in the 2-injection
group achieved the target minimal composite score of
14 points (block onset) as compared to 16% in single
injection group (Figure 1). At 30 minutes, all patients
in the 2-injection group achieved a score of 14 as
compared to 90% patients in single injection group
(Figure 1). The performance of 2-injection technique
took relatively longer time (8.36 ± 1.86 min vs. 9.12 ±
1.92 min; p = 0.047). In the 2-injection group a 100%
block success was achieved, whereas 6% cases in

Table 2
Procedure related Data
Single Injection
(n = 50)

Two injection
(n = 50)

p-value

Onset time (minutes) (Mean ± SD)

25.33 ± 3.27

18.5 ± 5.08

<0.001

Performance time (minutes) (Mean ± SD)

8.36 ± 1.86

9.12 ± 1.92

0.047

% of patients achieving composite score of 14

45 (90)

50 (100)

0.056

Surgical anesthesia, n (%)

47 (94)

50 (100)

0.242

3 (6)

0

0.242

12 (24)

14 (28)

0.648

2 (4)

4 (8)

0.678

Duration of sensory (minutes) (Mean ± SD)

541.49 ± 137.67

554.80 ± 88.98

0.576

Duration of motors (minutes) (Mean ± SD)

490.64 ± 139.22

495.40 ± 87.91

0.842

Duration of Analgesia (minutes) (Mean ± SD)

602.98 ± 144.95

625.50 ± 91.53

0.366

Failure rate, n (%)
Incidence of paresthesia, n (%)
Incidence of Horner’s’s syndrome, n (%)

Single vs. Double injection technique in US-SCBPB
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Fig. 1
Percentage of patients with composite score of 14 according to time; * p <0.05

Fig. 2
Percentage of patients with sensory block (score of 2) in cutaneous distribution of different nerves according to time. * p <0.05
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Fig. 3
Percentage of patients with motor block (score of 2) of muscle groups innervated by different nerves according to time. * p <0.05

single injection group were deemed as block failure
(P = 0.242).

(Table 2). There was no incidence of vascular puncture
or pneumothorax in any of the groups.

In the 2-injection group, onsets of complete
sensory and motor blocks were faster in all the 4
nerves studied (Figure 2, Figure 3). After 25 minutes
of institution of block, there were minimal differences
between the two techniques. However, the percentage
of patients with complete block of musculocutaneous
nerve was significantly higher at all time intervals in
the 2-injection group (Figures 2, 3).

Discussion

Occurrences of paraesthesia during block
institution and incidences of Horner’s syndrome were
comparable between both techniques. There were
no differences in terms of duration of sensory block,
motor block and analgesia between the two groups

The 2-injection technique of ultrasound guided
brachial plexus block led to a faster onset of motor
and sensory blocks. Though the procedure time was
marginally higher in 2-injection group as compared to
single injection technique, the logistic impact of such
a difference is inconsequential. The fact that, this new
technique reliably provided 100% surgical anesthesia
in all the cases is more relevant.
Few previous studies explored similar hypothesis.
De Tran et al, reported faster onset of block in their
double injection technique (17.5 ± 8.4 min vs. 21.7

Single vs. Double injection technique in US-SCBPB

± 7.2 min) using 35 ml of 2% lignocaine.5 However
unlike our study, they didn’t find any difference in the
proportion of patients with complete block in both
techniques at 30 minutes of block initiation. Roy et al
also compared single injection with double injection
technique with 30 ml of 1.5% mepivacaine and found
no difference in the rate of sensory block at 15 minutes
(49% vs. 50%).6 They noticed significantly shorter
procedure time in the single injection technique (179
± 104 vs. 275 ± 137 sec; P<0.01). In a recent study,
Amr Sayed and colleague addressed similar research
query and observed no difference in the percentage of
patients progressing to sensory and motor block over
time.7
Though the above-mentioned studies had
similar research queries akin to ours, the outcome of
our study was different, owing to the differences in
the methodology. The protocol of double injection
technique in the previous studies was to inject 50%
or more of the drug in the corner pocket and then
redirect the needle to the centre of the plexus to deposit
the remaining fraction of the drug. In our study, we
modified the double injection technique, wherein we
deposited only one third of local anesthetics (10 ml
of 0.5% Ropivacaine) in the corner pocket, targeting
the lower trunk of brachial plexus. The remaining
drug volume (20 ml) was injected in the centre of the
plexus by merely withdrawing the needle, avoiding
any further needle manipulations. We rationalised that
this modification would prevent upward displacement
of the plexus by injecting lesser volume of drugs in
the corner pocket. We further surmised that the 10
ml of local anesthetic solution in the corner pocket
would be sufficient to block the lower trunk, so that
the remaining larger fraction of the drug could be
utilised to be injected symmetrically in the central
cluster. A large volume of drug in the corner pocket
would have displace the plexus upward, making it
difficult to inject the drug uniformly in the central
cluster and which would have necessitated multiple
needle passes. We hypothesized that our technique of
drug administration would allow the drug to spread
uniformly in the brachial plexus, hence leading to
quicker onset and more successful block. The result
of our study vindicated our scientific reasoning as all
the patients achieved surgical anesthesia in 2-injection
group, whereas 6% of patients in single injection
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group were deemed block failures. The employment of
the aforementioned technique in our study could be the
reason of our results being different from De Tran et al.
who reported equal percentage of surgical anesthesia
in both single and double injection group (95.7%).5
In terms of individual nerves, though the
onset of motor and sensory block was significantly
quicker in the 2-injection group, there was negligible
difference between the two groups after 25 minutes
of block placement. However, motor block of the
musculocutaneous nerve was significantly better in
2-injection group at all-time intervals. It is logical to
assume that failure to block one nerve territory can
result in failed anesthesia, especially when surgery
is performed in the same area. Hence, our 2-injection
technique performed better in terms of completeness
of block and the probable reason could be the rapid
distribution of local anesthetics in all three trunks of
brachial plexus.
We used 30 ml of 0.5% ropivacaine as the
available literature revealed it to be the most common
volume of local anesthetic used in studies involving
supraclavicular brachial plexus block.10, 11
We also studied duration of motor block and
sensory block and duration of analgesia. We didn’t
find any difference between the groups, which is
in agreement with the study by Amar Sayed and
colleagues.
Procedure related paraesthesia is an unpleasant
experience for the patients during nerve blocks caused
by the needle manipulation in the neural plexus. Both
the injection techniques in our study had comparable
incidence of paraesthesia and it was similar to the
incidence reported by De Tran et al (30.5% vs.
28.3%; P = 0.819). [5] In comparison, Amr Sayed and
colleagues reported a higher occurrence of paraesthesia
in double injection group (52% in double injection
group vs. 30% in single injection group) which they
attributed to frequent redirection and maneuvring of
needle in vicinity of neural tissue. [7] Our 2-injection
technique avoided multiple needle redirections and
hence accounted for a lesser incidence of paraesthesia.
Furthermore, all incidences of paraesthesia in our
study were transient and self-remitting and there were
no instances of new onset neurological deficit within
48 hours of follow up after complete recovery from
M.E.J. ANESTH 27 (1), 2020
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block.
Horner’s syndrome is another adverse effect
seen commonly in previous studies investigating
the brachial plexus block. In our study, we observed
significantly lower incidence of Horner’s syndrome
with minimal difference between the groups. Our
results were more in accordance with the study by
Samer Arab et al, who reported 6.38% incidence of
Horner’s syndrome in triple injection group vs. 4.3%
in single injection group. [8] De Tran et al reported a
very high incidence in their study with single injection
group (67.4% vs. 58.7%). A plausible explanation for
such a high incidence of Horner’s syndrome could be
because of the use of higher volume and concentration
of local anesthetic (35 ml of 2% lignocaine).5
There were few limitations in our study. We
didn’t assess the block of axillary nerve as we included
patients requiring surgeries below the mid humerus
level. We didn’t record the number of manipulations,
as it was difficult to define the transducer adjustments

Pratap R Mahanty et. al

and needle passes (movements) during block
performance, though some previous authors had tried
to do so. We used a drug volume of 30 ml and results
could have been different if we used a different volume
or concentration of the drug in question. Lastly all
the blocks were performed by a single person with
considerable experience in ultrasound guided regional
anesthesia. The outcome of the study could have been
different with less experienced operator.

Conclusion
In conclusion, a single needle pass with 2-injection
technique of ultrasound guided supraclavicular
brachial plexus block resulted in faster onset of block
and provided higher percentage of successful surgical
anesthesia compared to single injection technique
using 0.5% ropivacaine.
Acknowledgments: Department of Anesthesia,
Tata Main Hospital.
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case reports

Color change observed at both ends
simultaneously in a carbon dioxide
absorbent canister
Cynthia M. Wong,1 Robert G. Loeb2
and M atthew B. W ecksell 1

Abstract
We report the case of a canister of Medisorb EF® (CareFusion) absorbent which was found
to have a simultaneous color change at both ends of the absorbent canister. It is likely that the
absorbent had partially dried overnight, which caused the color change at the bottom, as well as
having been exhausted from the top downwards. Desiccation of absorbents is due to retrograde
flow of anhydrous fresh gas through the canister, which can happen when fresh gas is left flowing
while the machine is not in use. Replacing the absorbent is recommended if the hydrous state is
uncertain.

Introduction
Many carbon dioxide absorbent canisters change color when exhausted. This use of color
indication helps clinicians identify when absorbent has been used up and requires replacement.
There are also carbon dioxide absorbent canisters that change color when the absorbent has been
desiccated. We report the case of a canister of Medisorb EF® (CareFusion) absorbent, a low-alkaline
formulation, which was found to have a simultaneous color change at both ends of the absorbent
canister (see figure 1).

Case Description
The carbon dioxide absorbent canister had been in consistent use throughout the week and
this color change pattern was first noticed in the middle of the day on a Thursday. It is likely
that the absorbent had partially dried overnight, which caused the color change at the bottom,
as well as having been exhausted from the top downwards. Desiccation of absorbents is due to
retrograde flow of anhydrous fresh gas through the canister, which can happen when fresh gas is
left flowing while the machine is not in use.1 Absorbent desiccation and exhaustion both resulted in
a color change from white to purple being observed at both ends of the canister. The manufacturer
1
MD, Department of Anesthesiology, Westchester Medical Center, New York Medical College, Valhalla, NY.
2
MD, Department of Anesthesiology, University of Florida College of Medicine, Gainesville, FL.
	Department and institution of attribution: Department of Anesthesiology, Westchester Medical Center, New York Medical
College, Valhalla, NY.
Corresponding Author: Cynthia Wong, 100 Woods Rd, Valhalla, NY 10595, 813-614-2781. cynthia.wong@wmchealth.
org
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Fig. 1
Medisorb EF® canister observed
mid-day on a Thursday with
simultaneous color change from
white to violet at both ends

advises that Medisorb EF absorbent will change from
an off-white to violet when exhausted and also when
desiccated, a long-lasting effect from ethyl violet,
an organic pH sensitive dye.1 This color change is
activated when the pH of the absorbent drops below
10.3, which occurs during the absorption reaction of
chemical neutralization of carbon dioxide and moves in
the direction of the gas flow.1 CareFusion recommends
changing the absorbent canister when more than two
thirds of the canister has changed color in total.2 As a
result, this absorbent canister was changed.

Discussion
All calcium hydroxide based carbon dioxide
absorbents change color when exhausted by their
reaction with carbon dioxide, but not all absorbents
change color when dried. Absorbents containing KOH
(e.g., Baralyme® (Allied Health Care)) never change
color when drying, even when totally dried.3 The amount
of drying that causes a color change is proportional to
NaOH content in absorbents that contain NaOH (e.g.,
Medisorb® and Medisorb EF®). Medisorb is a brand of
soda lime, with a sodium content of 5%, so it does not

Color change at both ends of CO2 absorbent

change color when desiccated. Medisorb EF is a low
alkali absorbent containing 1% sodium hydroxide that
does change color when dried.2,4
The phenomenon of simultaneous color change
at both ends of the absorber canister has previously
been described by Loeb and Gravenstein.5 The
absorbent used in this case was Amsorb® Plus
(Armstrong Medical). Amsorb is a low alkaline
absorbent that does not contain any sodium hydroxide
or potassium hydroxide, and, similar to Medisorb EF,
also changes color when dried.1,4 Due to Amsorb’s low
alkaline formulation, it does not produce Compound
A or carbon monoxide, and it can be speculated that
Medisorb EF similarly does not produce Compound
A or carbon monoxide.6,7 The absorbent in this case
was in consistent use throughout the week, in contrast
to the case described by Loeb and Gravenstein, which
was observed on a Monday after a weekend of nonuse with fresh gas left flowing.5 During periods of nonuse, fresh gas that is left flowing can travel either: 1)
past the inspiratory unidirectional valve and out to the
atmosphere through the open Y-piece; or 2) retrograde
through the absorber canister and out to the atmosphere
via an open APL valve or bag mount. The fresh gas will
travel down the path of least resistance, which may
include both paths.8 The degree of retrograde flow is
enhanced when the Y-piece is occluded, the reservoir
bag is removed, and the APL valve is open.1,3 Higher
retrograde flow of the anhydrous fresh gas increases the
degree of desiccation and color change in absorbents
that change color with desiccation. It is possible for
a grossly incompetent or missing inspiratory valve
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to allow exhaled gas to flow backwards through the
inspiratory hose into the bottom of the canister, which
could theoretically over time result in a color change in
the wrong end of the absorbent canister due to carbon
dioxide absorption. This would be highly unlikely,
and there was no inspiratory unidirectional valve
incompetence observed when the anesthesia machine
used in this case was checked using the modified
pressure decline method.9 There was also no obvious
channeling observed on the outside of the canister.
Various color changes are observed when different
absorbents are exhausted and when desiccated.
Barium hydroxide lime (e.g., Baralyme®) has an ethyl
violet indicator that turns from white to violet when
exhausted, but it has been noted to change from white to
yellow when desiccated.10 Spherasorb® (Intersurgical
Ltd., Wokingham, UK) may be manufactured with
a titan yellow dye for use in some countries (e.g.,
United Kingdom, Australia, New Zealand, India, and
some other former British colonies). It is pink when
fresh, and turns white when exhausted; though it is not
known if it changes color upon desiccation.11

Conclusion
The ease of desiccation with retrograde flow
points to the enhanced safety profile of an absorbent
that changes color with desiccation. Particularly when
some of the absorbent appears partially exhausted, an
absorbent that is partially desiccated but still white may,
in fact, require replacement. Replacing the absorbent is
recommended if the hydrous state is uncertain.1,8
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A Unique Airway Management Method
for a Patient With a Supraglottic
Liposarcoma: A Case Report
Ashley V. Fritz,1 Ryan M. Chadha,2
Jason T. Lewis2 and Geoffrey D. Young3

Abstract
Background: Supraglottic liposarcoma can cause clinically significant airway compromise
and must be considered in the differential diagnosis of airway obstruction. Airway management of
a patient with a supraglottic mass is challenging.
Case Presentation: A 60-year-old man presented with a 6-month history of worsening
dysphagia, globus sensation, and dyspnea when lying flat. Initial evaluation showed a supraglottic
mass obstructing his vocal cords. The patient was scheduled for surgery, and airway management
comprised of awake fiberoptic bronchoscopy and video laryngoscopy. Transoral robotic surgery
was performed, and excision of the oral mass was uneventful. Pathologic evaluation determined
that the mass was a supraglottic liposarcoma.
Conclusions: This case highlights the rare presentation of a patient with a laryngeal
supraglottic liposarcoma who was treated with a combination of difficult-airway management
techniques.
Keywords: airway management; liposarcoma; supraglottic mass.

Introduction
Liposarcoma of the head and neck is uncommon, and it is less common in the supraglottic
region.1 Because liposarcomas appear similar to benign soft-tissue tumors, they can easily be
mistaken for simple lipomas. Despite their indolent nature, supraglottic liposarcomas can cause
clinically significant airway compromise; thus, they must be considered in the differential
diagnosis of airway obstruction. Airway management of a patient with a supraglottic mass is
clinically challenging. Typically, a tracheostomy is used for airway management if the tumor is
large, obstructs the laryngeal opening, or has multiple papillomas.2,3 In this case report, we describe
a patient who presented for resection of a liposarcoma causing near-complete airway obstruction.
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Case Report
A 60-year-old man with an unremarkable medical
history presented with a 6-month history of worsening
dysphagia, dysphonia, dyspnea when lying flat, and a
globus sensation. He also reported worsening cough
that occasionally caused him to have the sensation of
a rubbery lesion approximately the size of a golf ball
falling into his throat. Computerized axial tomography
of the neck showed a nonenhancing lobulated mass in
the supraglottic and hypopharyngeal areas (Figure 1).
Examination with a flexible fiberoptic laryngoscope
showed a large cystic lesion that appeared to originate
from the right tongue base and completely obstructed
the view of the epiglottis.
Fig. 1
Preoperative Computerized Axial Tomographic Image Showing
the Patient’s Supraglottic Mass.

Because of his high risk of airway obstruction,
the patient was brought to the operating room for
transoral robotic resection of the supraglottic mass.
To prepare the patient for awake intubation, topical
oxymetazoline, 0.05%, was applied to the patient’s
nares. Then, a cotton swab was used to apply lidocaine
ointment, 5%, and the swab was inserted progressively
deeper into the nares as far as the patient could tolerate.
We intravenously administered 0.4 mg glycopyrrolate
to reduce salivation. While holding the tongue outside
the mouth with gauze to prevent swallowing, we
applied lidocaine, 5%, to the tonsillar pillars with a
cotton swab, and viscous lidocaine, 2%, was applied
to the posterior oropharynx by using a syringe with a
14G angiocatheter. Finally, the patient’s right nare was
serially dilated with 28F, 30F, and 32F nasal airways.
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To prepare the patient for awake tracheostomy,
we administered 2 mL lidocaine, 2%, without
epinephrine as a transtracheal block. We administered
a 1 mcg/kg bolus of dexmedetomidine, which
was followed by 3 mcg/kg per hour intravenous
dexmedetomidine. With the patient spontaneously
breathing, awake, and responsive, a fiberoptic
scope (Olympus Surgical Technologies Inc) was
introduced into the right nare. The fiberoptic scope
showed the supraglottic mass obstructing the vocal
cords. Multiple attempts to maneuver the scope
around the mass were unsuccessful. A portable
video laryngoscope (GlideScope; Verathon Inc)
was inserted to lift the epiglottis and to expose the
vocal cords. Both devices were well tolerated by the
patient. The fiberoptic scope was introduced into
the trachea. A nasal Ring-Adair-Elwyn tracheal tube
(internal diameter, 6.5 mm) with a TaperGuard cuff
(Medtronic) was inserted over the fiberoptic scope
and into the trachea. After confirmation of correct
placement with end-tidal carbon dioxide monitoring
and bilateral auscultation of the lung fields, general
anesthesia was induced and surgery commenced.
Direct laryngoscopy showed a large mass
occupying the vallecula and extending into the
hypopharynx. A robotic approach to mass excision
was chosen because it provided good visualization
and access to the vallecula. The patient was placed
in suspension with a laryngoscope. The da Vinci
Surgical System (Intuitive Surgical Inc) was docked
at the patient’s bedside by using the standard protocol
for transoral robotic-assisted surgery. The robotic
instruments were used to pull the nonvisualized
portion of the mass out of the upper esophagus. The
mass appeared to be attached to the right oropharynx
and right supraglottic larynx. These attachments were
cauterized to completely detach the mass, which was
removed and sent for pathologic analysis. Hemostasis
was achieved, the patient’s trachea was extubated, and
the patient was taken to the postanesthesia care unit.
His recovery was uneventful.
Pathologic analysis showed well-differentiated
liposarcoma (Figure 2). After consultation with an
oncologist and a radiation oncologist, the patient
decided to defer treatment and to receive surveillance
because of the slow-growing nature of this tumor.

Airway Management for Supraglottic Liposarcoma

Fig. 2
Typical Histologic Findings of Well-Differentiated
Liposarcoma. Example image showing a mature-appearing fat
set within a hyalinized background and scattered,
hyperchromatic, atypical stromal cells, which are
characteristic of atypical lipoma (hematoxylin-eosin, mediumpower magnification). In addition, MDM2 gene amplification
on fluorescence in situ hybridization is an abnormal result and
is often identified in atypical lipoma, well-differentiated
liposarcoma, and dedifferentiated liposarcoma [7].
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Discussion
Liposarcoma of the head and neck is rare and
represents 2% to 9% of all sarcomas in this anatomical
region.4 A review of MEDLINE articles published
from 1858 to 2016 identified 70 reported cases of head
and neck liposarcoma, with 38% of cases occurring
in the larynx and pharynx.5 Of these cases, 78%
were supraglottic.4,5,6 The most common presenting
symptoms were stridor, dysphagia, hoarseness,
dyspnea, and throat discomfort.
Management of these tumors requires a pathologic
diagnosis, which is critical for determining prognosis.
The World Health Organization7 classifies liposarcoma
into several subtypes: dedifferentiated, myxoid, round
cell, and pleomorphic. Well-differentiated and myxoid
tumors rarely metastasize; pleomorphic tumors are
more likely to do so. Diagnosis is typically followed
by wide surgical excision of the tumor. The transoral
robotic approach is an attractive option for patients
and surgeons because it allows better preservation

Fig. 3
Flowchart Showing
Airway Management in
Patients With Laryngeal
Tumors. (From Moorthy
et al [2]; used with
permission.)

M.E.J. ANESTH 27 (1), 2020

48
of function and shorter hospital stay.8 Postsurgical
neoadjuvant radiotherapy has been proposed to prevent
local recurrence in patients with suspected incomplete
tumor excision, but no consensus has been reached
regarding its use.9
Treatment of complete or near-complete airway
obstruction due to a supraglottic tumor is challenging.
Moorthy et al2 reported over 800 patients with
supraglottic airway obstruction and classified their
airways into 4 grades on the basis of findings on
airway examination (Figure 3). Our patient had a grade
4 airway according to the criteria of Moorthy et al
because of the tumor’s size and complete obstruction
of his pharynx, so awake tracheostomy was the
recommended method for airway management.
However, we propose that awake intubation can
be attempted with appropriate preparation. Before
any attempt, the patient must be prepared, surgical
drapes must be applied, and a surgeon must be present
in case a surgical airway becomes necessary. Also,
topical anesthesia must be applied to the oropharynx
and nasopharynx to ensure that the patient can tolerate
laryngoscopic devices.9 We preferred to apply topical
lidocaine throughout the pharynx; however, anesthesia
can be administered with oropharyngeal nerve blocks,

Ashley V. Fritz et. al

or aerosolized and nebulized local anesthetic agents
can be used. Although awake intubation is typically
performed without sedation, dexmedetomidine is an
attractive sole sedative because of its unique sedative
and respiration-sparing properties.10 Finally, because of
the size and location of the liposarcoma, simultaneous
use of multiple airway devices may facilitate airway
management, as shown in the treatment of our
patient by using fiberoptic bronchoscopy and video
laryngoscopy.

Conclusion
Supraglottic liposarcoma is rare but has
good prognosis after complete surgical excision
and possible radiotherapy. Because of its location,
supraglottic liposarcoma can cause life-threatening
airway obstruction, particularly if the patient’s airway
muscles are relaxed by sedation or general anesthesia.
Preoperative fiberoptic examination is critical for
determining the best airway management method.
Although awake tracheostomy is recommended for
the largest and most obstructive tumors, awake oral
or nasal intubation can be performed if appropriate
precautions are taken.
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Comparison of hemodynamic variables during
continuous spinal anesthesia and general
anesthesia in high risk cardiac patients: A
randomized study
Rabie Soliman1 and Abdelbadee Yacoub2

Abstract
Background and aim: Surgical patients may be exposed to stress response that may be
presented with hypertension, tachycardia, arrhythmia and myocardial ischemia. Stress response
may expose the patients for serious outcome, especially patients with cardiovascular disease. The
purpose of the current study was to evaluate the effect of general anesthesia and continuous spinal
anesthesia on the perioperative hemodynamic stability in high risk cardiac patients undergoing
major surgery.
Methods: The study included 146 cardiac patients classified randomly into two groups:
Group GA (n = 73) (general anesthesia). and Group CSA (continuous spinal anesthesia) (n = 73).
The primary outcome was hemodynamic stability as assessed by changes in the heart rate, blood
pressure, cardiac output, systemic vascular resistance, electrocardiography changes and troponin
I level.
Results: There were increases in heart rate, arterial blood pressure, cardiac output, and
systemic vascular resistance in group GA and minimal changes in group CSA and the comparison
between the two groups was significant (p <0.05). The incidence of tachycardia, hypertension and
hypotension was higher in group GA than CSA (p <0.05). The postoperative troponin I level was
higher in group GA than CSA (p <0.05). The requirement for pharmacological support was higher
in group GA than group CSA (p <0.05).
Conclusions: Continuous spinal anesthesia induced minimal changes in hemodynamic
variables compared to general anesthesia in high risk cardiac patients undergoing elective surgery.
Key words: Continuous spinal anesthesia, General anesthesia, High risk cardiac patients,
Tachycardia, Hypertension, Hypotension.

1
2

MD, Anesthesia consultant, Aldar hospital, Almadinah Almonwarah, Saudi Arabia. Assistant professor, department of
anesthesia, Faculty of medicine, Cairo University, Egypt. Tel: 00201115086363. E-mail: rabiesoliman@hotmail.com
MD, Anesthesia consultant, Aldar hospital, Almadinah Almonwarah, Saudi Arabia. Assistant professor, department of
anesthesia, Faculty of medicine, Al Azhar University, Egypt. Tel: 00966541875545. E-mail: abdelbadeeameen@yahoo.com
Corresponding Author: Rabie Soliman, Assistant professor, department of anesthesia, Cairo University, Egypt.
Tel: 00201115086363. E-mail: rabiesoliman@hotmail.com

50

M.E.J. ANESTH 27 (1), 2020

51
Introduction
General anesthesia is routinely used for major
abdominal surgery. The incidence of morbidity and
mortality increases if the patient is elderly and suffers
from multiple and severe systemic diseases (American
Society of Anesthesiologists classification ≥III).1
Continuous spinal anesthesia has several
advantages, such as its usefulness in high risk patients
undergoing surgeries, its slow and gradual onset of
action, its good sensory and motor block, and its initial
dose can be minimized so that hemodynamic variables
are maintained and anesthesia can also be prolonged,2
with reduced cardiovascular and respiratory
complications.3
Recently, a continuous noninvasive hemodynamic
(CNAP) monitoring is available to measure the
heart rate, arterial blood pressure, systemic vascular
resistance and cardiac output during spinal4 and
general anesthesia.5
The aim of the present study was to evaluate
the effect of general and continuous spinal anesthesia
on the perioperative hemodynamic stability using
of CNAP monitoring in high risk cardiac patients
undergoing major surgery.

Methods
After approval from the local ethics committee
(03/10/2015. 197/2015), and obtaining written
informed consent from all patients, a randomized
study included 146 patients (22/10/2015-05/08/2018)
undergoing elective surgery (abdominal surgery,
urological, vascular or orthopedic surgery) with
expected surgery time more than two hours. The
inclusion criteria were cardiac patient with ASA
physical status (II, III, IV), patients with hypertension,
coronary artery disease [patients with ischemic
heart disease or percutaneous transluminal coronary
angioplasty (PTCA), coronary artery bypass grafting
(CABG)], low ventricular function (ejection fraction
30-45%), dilated cardiomyopathy, valvular disease
(except severe aortic or mitral stenosis), or atrial
fibrillation. Exclusion criteria included patients with
congestive heart failure, acute myocardial infarction,
obese patients (BMI >30 kg/cm2), emergency,
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coagulation disorders, neurological deficits or
psychiatric diseases. The patients were assessed using
New York Heart Association (NYHA) and American
Society of Anesthesiologists Physical Status Score
(ASA). All patients were evaluated preoperatively
by cardiologists and anesthesiologists. Investigations
such as electrocardiography (ECG) and transthoracic
echocardiography were done for all patients to evaluate
the function of the myocardium and cardiac valves and
for diagnosis and treatment of ischemic heart diseases.
The patients who received preoperative anticoagulants
were managed by cardiologists. All patients received
their medications for hypertension, ischemic heart
disease, or arrhythmia approximately two hours
prior to anesthesia induction. For all patients, no
premedication was given before anesthesia (to avoid
the effect of the premedication such as benzodiazepine
on the hemodynamics). For all patients and under
local anesthesia, a radial arterial cannula and central
venous line were inserted before anesthesia induction
for administration of fluids, inotropic drugs and
vasodilators if needed. The concealment of allocation
was done by using random numbers generated through
excel. Group GA (General Anesthesia group, n=73):
Anesthesia induction was started by preoxygenation
(100% oxygen), intravenous fentanyl (1-2µg/kg),
etomidate (0.3mg/kg), and cisatracurium (0.2mg/kg).
After tracheal intubation, anesthesia was maintained
with sevoflurane (1-3%), fentanyl infusion (1-3µg/
kg/hr), cisatracurium (1-2µg/kg/min) and oxygen:air
(50:50%). Group CSA (Continuous Spinal anesthesia
group, n = 73): an intravenous crystalloid infusion (5001000 ml) was started and under full aseptic precautions,
the skin was cleaned with an antiseptic solution, and
the subcutaneous tissues was infiltrated with 3 ml of
lidocaine 2%. An epidural set (Perican®needle G18,
catheter G 27, B. Braun Melsungen AG Germany)
was used. The epidural needle was introduced into the
subarachnoid space at L4-5 or L3-4 interspace under
aseptic conditions. After the free flow of cerebrospinal
fluid was obtained, a 27-gauge catheter was inserted
3-4 cm beyond the tip of the needle. Correct
positioning of the catheter within the subarachnoid
space was confirmed by the establishment of free flow
of cerebrospinal fluid. Once inserted, the catheter was
secured and covered with a sterile, transparent dressing
from the insertion site to the shoulder and the catheter
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was connected to a bacterial microfilter. After obtaining
baseline vital signs, and applying face oxygen mask at
3-4 L/min, a dose of 5 mg of 0.5% heavy bupivacaine
and 25 µg of fentanyl were given first, followed by a
slowly incremental injection of 5 mg of 0.5% heavy
bupivacaine every 5 minutes until the level of the
block reached T6-7. Incremental doses of 5 mg of
0.5% heavy bupivacaine were given during surgery
when necessary. The sensory block was assessed by
pin prick and cold application every 5 minutes until
the onset of sensory block using a 3-point scale. The
motor block was assessed by modified Bromage three
point score for the lower extremity.6 The pain relief
was assessed by the pain verbal scale.7 The level of
sedation was assessed by a modified Wilson sedation
scale from one to four.8 The catheters were removed at
the end of surgery in the most of the patients, but after
vascular surgery, it was removed after 12 hours of the
last dose of heparin.

ST-segment analysis (leads II and V) was used to
monitor the heart rate, arrhythmia and ST-segment
changes. Also, the measurements included the
hematocrit value, arterial oxygen saturation, the total
dose of fentanyl, arterial blood gasses, temperature,
and urine output.

For all patients in both groups, intraoperative
fluids were given cautiously according to the
hemodynamics readings by CNAP, central venous
pressure and the clinical situation of the patients.
Intraoperative tachycardia (heart rate ≥100 bpm), and
systemic hypertension (systolic arterial blood pressure
≥20% above baseline) were managed by bolus doses
of fentanyl (1-2μg/kg), morphine (1-2 mg bolus dose),
and if there was no response, sevoflurane concentration
was increased to 3% in GA group, and if hypertension
persisted for five minutes, nitroglycerine infusion 0.51µg/kg/min was started. Intraoperative hypotension
(systolic arterial blood pressure ≤20% below baseline)
was managed by bolus doses of ephedrine 5-10 mg and
fluid administration and if persisted for five minutes,
dopamine infusion, epinephrine, or norepinephrine
was started. Bradycardia (heart rate <60 bpm) was
managed by a bolus dose of atropine (0.05 mg/kg).

The primary outcome was the stability of the
hemodynamic status of the patients assessed by
changes in the heart rate, blood pressure, cardiac
output, systemic vascular resistance or ECG changes
(arrhythmia or ST-segment analysis leads II and V).
A secondary outcome was the safety of the anesthetic
technique, which was assessed by the occurrence
of any adverse events and the requirements for
pharmacological support.

At the end of the procedure (general or continuous
spinal anesthesia), the patients were transferred to
the intensive care unit with closed monitoring and
observation for 3 to 4 days.
The CNAP™500 (Continuous non‑invasive
arterial pressure CNSystems Medizintechnik, Graz,
Austria) monitoring system was used to monitor the
arterial blood pressure, cardiac output, and systemic
vascular resistance. A continuous ECG with automatic

The patients hemodynamic data were collected
at the following time points; T0: Baseline reading;
T1: 15 minutes after induction; T2: 30 minutes after
induction; T3: one hour after induction; T4: two
hours after induction; T5: at the end of surgery; T6:
on admission in ICU; T7: one hour after admission in
ICU; T8: 6 hours after admission in ICU; T9: 12 hours
after admission in ICU; T10: 24 hours after admission
in ICU. The cardiac enzyme troponin I was measured
before administration of study medication, at 12th,
24th, and 48th hours postoperatively. The transthoracic
echocardiography was done in cases with ischemic
changes in the ECG and elevated troponin I.

Power analysis was performed using the Chi
square test for independent samples on frequency of
intraoperative hemodynamic instability (heart rate
≥100 bpm or ≤60 bpm, hypertension (systolic arterial
blood pressure ≥20% above baseline), hypotension
(systolic arterial blood pressure ≤20% below baseline),
cardiac output ≤2 L/min, and ST-segment changes in
the ECG), because it was the main outcome variable
in the present study. A pilot study was done before
starting this study using the CNAP monitoring in
high risk cardiac patients undergoing major surgery
and anesthetized either by general anesthesia or
continuous spinal anesthesia. The results of the pilot
study [14 cases in each group] showed the incidence
of hemodynamic instability to be 42.85% in the
general anesthesia group and 21.42% in continuous
spinal anesthesia. Considering a power of 0.8, alpha
error 0.05, and beta 0.2, a minimum sample size of 73
M.E.J. ANESTH 27 (1), 2020
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Fig. 1
CONSORT diagram for the flow of participants through each stage of the present study

patients was calculated for each group.
Data were statistically described in terms of
mean ± standard deviation (± SD), median and range,
or frequencies (number of cases) and percentages
when appropriate. Comparison of numerical variables
between the study groups was done using Student
t test for independent samples. Repeated measure
ANOVA was used to see the effect of continuous

spinal anesthesia and general anesthesia on heart rate,
mean arterial pressure and cardiac output at different
follow up intervals. For comparing categorical data,
Chi square (χ2) test was performed. Exact test was
used instead when the expected frequency is less than
5. P values less than 0.05 was considered statistically
significant. All statistical calculations were done using
computer program SPSS (Statistical Package for the
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Table 1
Preoperative data of patients (mean±standard deviation, number, percentage)
Variables

Group GA
(n=68)

Group CSA
(n=68)

P-value

Age (year)

60.17±9.09

59.70±9.17

0.816

Weight (kg)

76.92±12.01

77.45±12.92

0.662

38:30

35:33

0.605

49 (72%)

41 (60%)

0.147

Gender

Male:Female

Hypertension
Diabetes mellitus

46 (68%)

52 (76%)

0.251

39.01±3.33

38.14±3.46

0.137

Atrial fibrillation

13 (19%)

16 (24%)

0.530

Ischaemic heart disease

39 (57%)

35 (51%)

0.491

PTCA

25 (37%)

29 (43%)

0.483

CABG

14 (21%)

12 (18%)

0.662

5 (7%)

8 (12%)

0.381

11 (16%)

14 (21%)

0.506

2 (3%)

5 (7%)

0.244

Angiotensin-converting-enzyme inhibitors

38 (56%)

45 (66%)

0.218

Beta-blockers

50 (74%)

41 (60%)

0.101

Calcium channels-blockers

20 (29%)

26 (38%)

0.276

Aspirin

35 (51%)

39 (57%)

0.491

Stroke

2 (3%)

4 (6%)

0.403

Smoking

25 (37%)

29)43%(

0.483

ASA II

7 (10%)

9 (13%)

0.791

ASA III

51 (75%)

45 (66%)

0.346

Ejection fraction (%) (30-45%)

Pacemaker
Valvular disease
Dilated cardiomyopathy

ASA IV
10 (15%)
14 (21%)
0.500
PTCA: Percutaneous transluminal coronary angioplasty, CABG: Coronary artery bypass grafting, ASA: American Society of
Anesthesiologists Physical Status Score.

Social Science; SPSS Inc., Chicago, IL, USA) release
15 for Microsoft Windows (2006).

Results
Figure 1 shows the CONSORT diagram for
the flow of participants through each stage of the
study. Five patients in each group did not complete
the study (because of reopening and bleeding) and

the remaining 68 patients from each group
completed the study and were included in the
data analysis.

Table 1 shows no significant differences regarding
the demographic data, co-morbidities, preoperative
medications and ASA physical status score between
the two groups.
Figure 2 shows the changes in heart rate, mean

arterial blood pressure, central venous pressure, cardiac
output and systemic vascular resistance of patients
from the two groups. The heart rate of patients was
significantly higher in GA group compared to CSA
group (Figure 2A). Significant increases and decreases
were seen in heart rates of patients undergoing both
types of anesthesia at different follow up time intervals
(Figure 2A). Interaction between heart rate and type
of anesthesia failed to reach statistical significance (p
= 0.208). The mean arterial pressure was significantly
higher in patients of GA group compared to CSA
group (Figure 2 B). However, during follow up time
intervals, significant increases and decreases were
observed in the mean arterial pressure (p = 0.001).
Interaction between mean arterial pressure and type
of anesthesia did not show statistically significant
association (p = 0.778) [Figure 2 B]. Cardiac output
of patients was significantly lower in patients under
M.E.J. ANESTH 27 (1), 2020
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Figure 2
A: Heart rate of patients; B: Mean arterial blood pressure of patients; C: Central venous pressure of patients, D: Cardiac output of
patients; E: Systemic vascular resistance of patients.

A

B

C

D

E

Group GA: General anesthesia group.
Group CSA: Continuous spinal anesthesia group.
*p<0.05, significant comparison between the two groups.
T0: Baseline reading; T1: Reading 15 minutes after induction; T2: Reading 30 minutes after induction; T3: Reading one hour after
induction; T4: Reading two hours after induction; T5: Reading at the end of surgery; T6: Reading on admission in ICU; T7: Reading
one hour after admission in ICU; T8: Reading 6 hours after admission in ICU; T9: Reading 12 hours after admission in ICU; T10:
Reading 24 hours after admission in ICU.
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Table 2
Intraoperative data and outcome of patients (mean±standard deviation, number, percentage)
Variables

Group GA
(n=68)

Type of surgery

Group CSA
(n=68)

P-value

Abdominal surgery

18 (26%)

23 (33%)

0.350

Vascular

6 (9%)

9 (13%)

0.411

Orthopedic hip surgeries

26 (38%)

21 (31%)

0.367

Hysterectomy

10 (15%)

6 (9%)

0.287

TURP

8 (12%)

9 (13%)

0.795

224.92±30.64
197.42±32.18

225.58±28.10
194.48±28.74

0.895
0.575

24 (35%)
9 (13%)
13 (19%)
3 (4%)
35.79±3.58
99.19±017
37.37±2.74
197.20±40.98
8.74±2.60
9 (13%)
9 (13%)
8 (12%)
7 (10%)
17 (25%)
1885.60±270.10
270.27±76.10
1.80±1.33
645.40±210.35
7 (10%)
0.72±0.16
5 (7%)
0.92±0.50

11 (16%)
3 (4%)
5 (7%)
7 (10%)
36.72±3.15
99.12±0.22
36.71±2.53
25.00±0.00
2.45±1.38
3 (4%)
3 (4%)
2 (3%)
1 (1.4%)
8 (12%)
2050.45±318.20
305.14±85.40
1.35±1.15
670.27±220.10
1 (1.4%)
0.74±0.15
2 (3%)
0.77±0.36

0.011
0.047
0.042
0.205
0.110
0.973
0.146
0.001
0.001
0.046
0.047
0.048
0.028
0.046
0.005
0.013
0.036
0.5017
0.028
0.495
0.244
0.046

Postoperative ECG changes
Acute MI
Congestive heart failure
Pulmonary edema
Post dural puncture headache.

5 (7%)
0.92±0.46
5 (7%)
0.93±0.48
3 (4%)
5 (7%)
6 (9%)
6 (9%)
-

2 (3%)
0.77±0.36
2 (3%)
0.75±0.36
1 (1.4%)
2 (3%)
1 (1.4%)
1 (1.4%)
-

0.244
0.042
0.244
0.012
0.310
0.244
0.052
0.052

New neurological complications

-

-

Thromboembolism

-

-

Duration of anesthesia (minutes)
Duration of surgery (minutes)
Hypertension (SAP≥20% above baseline)
Hypotension (SAP≤20% below baseline)
Tachycardia (HR>100bpm)
Bradycardia (HR<60bpm)
PaCO2 ( mmHg )
SPO2 (%)
Hematocrit (%)
Total dose of fentanyl (µg)
Morphine (mg)
Ephedrine
Dopamine
Epinephrine
Norepinephrine
Nitroglycerin
Fluids transfusion

Crystalloids (ml)
Hesteril 6 %

P-RBC (unit)
Intraoperative urine output (ml)
Postoperative mechanical ventilation
Troponin I increase

Preoperative (ng/ml)
12 hr
Number
Mean
24 hr
48 hr

Number
Mean
Number
Mean

3.29±1.03
ICU length of stay (days)
8.73±3.62
Hospital length of stay (days)
Mortality
3 (4%)
Major abdominal surgery: Strangulated umbilical or inguinal hernia- Subtotal colectomy.

2.80±1.24
7.41±2.91
1 (1.4%)

0.015
0.020
0.310
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Fig. 3
Troponin I level of patients

*p<0.05, significant comparison between the two groups.
Group GA: General anesthesia group.
Group CSA: Continuous spinal anesthesia group.
12th hr: 12 hours after surgery; 24th hr:24 hours after surgery;
48th hr:48 hours after surgery.

general anesthesia. Interaction between cardiac output
and type of anesthesia did not show statistically
significant association (p = 0.056) [Figure 2 C]. There
were no significant differences in the central venous
pressure between the two groups [Figure 2 D]. There
were no significant differences in the systemic vascular
resistance before surgery, but the systemic vascular
resistance increased significantly after anesthesia in
the patients of groups GA with minimal changes in
patients of group CSA (p <0.05) [Figure 2 E].
Table 2 shows the intraoperative data and
outcome in both groups. The incidence of hypertension
was 24 (35%) patients in group GA and 11 patients
(16%) in group CSA (p = 0.011). The incidence of
hypotension was 9 (13%) patients in group GA and 3
patients (4%) in group CSA (p = 0.047). The incidence
of tachycardia was significantly higher in group GA.
A higher number of patients received nitroglycerine
and other pharmacological support in the GA group
compared to the CSA group. The required dose of
fentanyl and morphine was higher in patients of group
GA than patients of group CSA (p <0.001). Patients
in group GA required less transfusion of fluids and
packed red blood cells. More patients in the GA group
required postoperative mechanical ventilation. The
serum level troponin I increased significantly at 12,
24, and 48 hours in five patients in group GA and two
patients in group CSA (p = 0.244), but the increase was
significantly higher in group GA than group CSA (p =
0.046, p = 0.042, p = 0.012 respectively) [Figure 3].
The incidence of acute myocardial infarction was five
patients in group GA and two patients in group CSA
(p = 0.244). The duration of ICU length of stay and
hospital length of stay were longer in patients of group

GA than patients of group CSA (p = 0.015, p = 0.020
respectively). There was no difference in mortality
between the two groups.
Urological: TURP: [Transurethral resection of prostate]- radical
cystectomy-radical cystectomy- Percutaneous nephrolithotomy.
Vascular: Aortobifemoral bypass - Femoropopliteal bypass.
Orthopedic surgery: total hip replacement- total knee
replacement (unilateral or bilateral).
SAP: Systolic blood pressure; HR: Heart rate; PaCO2: Partial
pressure of carbon dioxide; SPO2: Arterial oxygen saturation;
P-RBC: Packed- red blood cells; Acute MI: Acute myocardial
infarction; ICU: Intensive care unit.

Discussion
The present study showed that continuous
spinal anesthesia minimized the changes in the heart
rate, blood pressure, systemic vascular resistance,
and cardiac output. The incidence of fluctuations
in the hemodynamic variables was higher in group
GA compared to group CSA. Fluctuations in the
hemodynamic variables during general anesthesia
may cause disturbance in the oxygen supply/demand
ratio of the myocardium and expose the myocardium
to ischemia and infarction. The number of patients
requiring for pharmacological support to manage
the hypotension was higher in patients of group GA
compared to the group CSA and these medications can
cause tachycardia and hypertension thus increasing
the oxygen requirement of the myocardium. These
findings are similar to those of the study that assessed
the incidence of hypotension and myocardial ischemia
in patients undergoing surgery for fractured hip.9
The incidence of fluctuations in the hemodynamic
variables was more higher with general anesthesia than
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spinal anesthesia in patients underwent transurethral
resection of the prostate.10 One study showed that
the incidence and severity of hypotension increased
significantly with general anesthesia compared to
the spinal anesthesia.11 Another study documented
that small dose bupivacaine provides a successful
anesthesia and better hemodynamic stability, and
the required ephedrine and fluid infusion to manage
the hypotension increased significantly with general
anesthesia compared to spinal anesthesia (p<0.01,
p<0.05 respectively),12 and the same findings were
documented by other studies.13,14 A study evaluated
the effect of continuous spinal anesthesia in elderly
patients with cardiomyopathy (EF ≤45%) undergoing
lower abdominal surgeries and showed no significant
changes in the hemodynamics or postoperative ECG
changes and the postoperative troponin was negative
in patients with cardiomyopathy anaesthetized by
a continuous spinal anesthesia,15 and other studies
showed similar findings.16-20

anesthesia and these findings correlate with the results
of other studies.15,21,24

The present study showed that the number of
patients suffered from congestive heart failure and
pulmonary edema was higher in group GA compared
to the group CSA, and these findings correlate with
another study showed that the pulmonary complication
was higher with general anesthesia compared to the
spinal anesthesia (p=0.020) and the incidence of
myocardial infarction and cardiac arrest was higher
with general anesthesia compared to the spinal
anesthesia.21
Contrary to the results of the present study, one
study showed that the regional anesthesia (epidural or
spinal) was associated high incidence of myocardial
infarction compared with general anesthesia and
this was explained by the significant decrease in
myocardial oxygen consumption,22 and the protective
effects of inhalational anaesthetics23, and also the
incidence of mortality was higher with regional
anesthesia compared to the general anesthesia, but
not significant. The number of patients required for
postoperative mechanical ventilation was higher in the
group GA than the group CSA and also, the duration of
ICU and hospital length of stay prolonged with general

The laryngoscopy, intubation and surgical trauma
cause a stress response associated with an increase in
the heart rate and blood pressure, therefore increasing
the oxygen demand to the myocardial which already
may suffer from oxygen supply, and this expose
the myocardial to more ischaemia and infarction.25
Also, the general anesthesia causes fluctuation in the
hemodynamics for the 24 postoperative hours and this
can increase the oxygen requirement or disturb the
oxygen supply/demand ratio of the myocardium, which
already suffer from ischaemia in high risk patients.26,27
While patients with continuous spinal anesthesia;
(1) There is no stress response due to intubation,
laryngoscopy or surgery;2,15 (2) The incremental doses
allow titrating effect of local anaesthetics28 that provides
slow, gradual onset block of the sympathetic system,
and allows the cardiovascular system to adapt more
easily without fluctuation in the hemodynamics,2,16
therefore maintaining the relation of oxygen supply/
demand ratio of the myocardium and provide a
protection to the myocardium from the exposure to
ischaemia or infarction; (3) The continuous spinal
anesthesia provides a good analgesia in comparison to
general anesthesia;29 (4) The sympathovagal balance
was more stable during spinal anesthesia than during
general anesthesia in patients with a high risk of
ischaemic heart disease.30
The present study recognizes some limitations
such as a being single center study and small number
of patients.

Conclusion
Continuous spinal anesthesia induced minimal
changes in hemodynamic variables compared to general
anesthesia in high risk cardiac patients undergoing
elective surgery. Continuous spinal anesthesia
decreased the requirement for pharmacological support
in high risk cardiac patients.
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Abstract
Background: While videolaryngoscopy can improve the visualization of the glottis during
tracheal intubation compared with direct laryngoscopy, there is less clear evidence about their
efficacy in terms of successful intubation and intubation time. The objective was to evaluate the
efficacy and safety of three video laryngoscopes, among the most popular and well documented, as
compared with Macintosh direct laryngoscopy.
Methods: One hundred and eighty-eight adult patients aged 18-70 years, ASA physical
status 1 or 2, scheduled to undergo elective surgery were included in this prospective randomized
controlled trial conducted by experienced anesthesiologists. Patients were randomly allocated in
four groups; GlideScope (n=48), Airtraq (n=46), C-MAC D blade (n=45), and Macintosh direct
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laryngoscope (n=49). Those with increased risk for
regurgitation and pulmonary aspiration, and history
of gastro-oesophageal reﬂux, oropharyngeal surgery,
known difficult intubation and pregnancy, were
excluded from the study.
Results: Airtraq presented significantly shorter
intubation time, compared with direct laryngoscopy,
C-MAC D-blade and GlideScope. However, the three
videolaryngoscopes had no significant difference
in rate of successful first attempt, the number of
intubation attempts, sore throat, dysphagia, and
hemodynamic response to tracheal intubation
(except for heart rate). However, Airtraq group had
significantly higher oropharyngeal trauma and lower
heart rate at fifth minute post-intubation. Conclusions:
Despite the improved glottis view, videolaryngoscopes
do not improve the success rate or reduce the
number of intubations compared with Macintosh
laryngoscopes among adult patients without expected
difficult intubation. There are differential intubation
times and risk of oropharyngeal trauma between
videolaryngoscopes.

Introduction
In the vast majority of adult surgical
patients, tracheal intubation using the Macintosh
direct laryngoscope (DL) is a simple, safe, and
uncomplicated technique. However, difficulties with
tracheal intubation mainly associated with failure
to see the larynx during attempts at intubation may
commonly arise and impact patient safety.1 Prediction
of difficult airway management in daily clinical
practice presents at best moderate sensitivity and
specificity.2,3 Additionally, recent evidence indicates
that the majority (>90%) of such difficult intubations
are not anticipated.4
In the last decade, videolaryngoscopy (VL)
is increasingly used in tracheal intubation and is
considered one of the major advances in clinical
anesthesia in recent years.5-9 In contrast to conventional
DL, these new generations of devices are designed to
provide an indirect view of the upper airway and an
improved view of the glottic opening. The design of VL
blades, have a steep angulation of more than 60° and
this obviates the need for alignment of oral, pharyngeal
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and laryngeal axes for viewing the glottis. This is of
major importance, especially in patients with suspected
cervical injury or in patients with difficult airways.9-13
There are several types of VL with variable features in
regard to the type and curvature of blade, availability
of stylet or built-in channel to guide endotracheal
tube, position and quality of camera, position, size
and quality of monitor, portability, disposability, and
other ergonomic features.5,14 In recent evidence VL
was associated with a significantly better view of the
glottis and reduced oropharyngeal trauma.15 However,
the authors could not identify evidence indicating that
use of VL reduces the number of intubation attempts
or the time required for intubation as compared with
DL.15
The GlideScope (GS) Cobalt video laryngoscope
(Verathon Medical, Bothell, WA), the Airtraq (AT)
optical laryngoscope (Prodol Meditec S.A., Vizcaya,
Spain) and the C-Mac D blade (CMD, Karl Storz,
Tuttlingen, Germany) are among the most popular and
well documented video-laryngoscopes that meet the
standards of evidence called for by the ADEPT project
in terms of adopting only evidence-based airway
equipment.16 The objective of the current prospective
randomized controlled trial was to compare the
efficacy and safety of the abovementioned VL devices,
with the conventional DL acting as control group, in
adult patients without anticipated difficult airways.
Our primary study hypothesis was that there is no
significant difference in intubation time between the
3 VL devices versus DL by experienced anesthetists.

Material and Methods
This study adhered to Good Clinical Practice
quality standards and ethical guidelines defined by
the Declaration of Helsinki. Study protocol approval
as well as data and safety oversight was conducted by
the Ethical Committee of King Abdullah International
Medical Research Center (KAIRMC) (Riyadh, Saudi
Arabia). Written informed consent was obtained
from all participating subjects. The current study was
conducted from December 2016 until March 2018 at
King Abdulaziz Medical City in Riyadh (KAMC-R),
an approximately 1000-bed tertiary care facility,
providing healthcare services to about 750,000 Saudi
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National Guard soldiers, employees and their families
in Saudi Arabia. The number of patients undergoing
VL during tracheal intubation is approximately 100
per month.
The study targeted adult patients aged 18-70
years with American Society of Anesthesiologists
(ASA) 1 or 2, scheduled to undergo elective surgery
that required tracheal intubation. Exclusion criteria
were increased risk for regurgitation and pulmonary
aspiration, history of gastrooesophageal reflux,
oropharyngeal surgery, well known difficult intubation
and pregnancy.
After protocol approval, 188 patients were
randomly assigned to one of 4 groups: the GS, AT,
CMD groups and the DL acting as the control group.
Randomization was performed by an independent
research assistant using a computer-generated random
numbers. The randomization was concealed from the
laryngoscopist in a sealed opaque envelope until after
obtaining the informed consent from the patient. The
assessor was impossible to blind as he was responsible
for performing the intubation. All tracheal intubations
in the study were performed by four experienced (>10
year) Board Certified anesthesiologists (SA for GS
group, VD for AT group, AB for CMD group and MH
for DL group), who each had experience of at least 100
tracheal intubations with each device.
Upon arrival to the holding area, patient and
airway characteristics, such as gender, age, BMI,
Mallampati score, inter-incisor distance/mouth opening
and thyromental distance, were recorded. Standard
monitoring was established after the patient entered
the operating room including ECG, non‐invasive blood
pressure measurement and pulse oximetry. Induction
of anesthesia was standardised (propofol 2 mg/kg,
fentanyl 2 mcg/kg, and rocuronuim 0.6 mg/kg) and
the vital signs (blood pressure, heart rate and oxygen
saturation) were recorded at 3min after induction and
were considered as the baseline measurement.
A single laryngoscopy with a Macintosh
laryngoscope size 3 blade was performed by one
of the investigators, to assess visualization of the
glottis according to the Cormack and Lehane scale.
Then another investigator, unaware of the Cormack
and Lehane grade of the initial evaluation of the
laryngoscopic view, performed laryngoscopy with the
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allocated laryngoscope, assessed the Cormack and
Lehane grade and intubated the trachea. Laryngoscopy
with GS and CMD were performed with the tip of the
blade placed in the vallecula. Afterwards the styletted
tube was passed to the right of the blade. Laryngoscopy
with the AT was done with medial approach. After
tracheal intubation was accomplished oropharyngeal
trauma was identified and evaluated by an ENT
surgeon, who examined the oral cavity, pharynx and
larynx for signs of lacerations or bleeding provoked by
the intubation.
The primary outcome endpoints included success
of the first intubation attempt and time for tracheal
intubation (TTI). TTI measurement was performed
by an independent observer using digital chronometer
and started after jaw opening when the allocated
laryngoscope passed the patient’s lips and stopped
when it was removed from the mouth at the end of
the intubation attempt. The correct placement was
confirmed by capnography (EtCO2). Failed intubation
was defined when the trachea could not be intubated
within 60 seconds, more than 3 attempts were required,
or in case of accidental esophageal intubation.
Secondary outcome endpoints included overall
success rate (i.e. success in the first or second attempt),
the number of attempts at intubation, the Cormack–
Lehane class achieved, hemodynamic response to
tracheal intubation and the safety parameters. The
latter included blood traces on the device and/or
oropharyngeal trauma, sore throat and/or dysphagia.
Trauma was recorded and categorized as follows: “0”
for No blood on the device, No teeth –lip trauma, “1”
for blood traces on the device or teeth – lip trauma, “2”
for blood traces on the device and minimal traumatic
pharyngeal injury, and “3” for blood on the device
and traumatic pharyngeal lacerations. Oropharyngeal
trauma was identified and evaluated by an ENT surgeon
who examined the oral cavity, pharynx and larynx
for signs of lacerations or bleeding provoked by the
intubation. When the patients were moved to the Post
Anesthesia Care Unit and again 24h postoperatively,
they were interviewed by the independent research
assistant to determine whether they were suffering
from a sore throat or dysphagia, classified as none/
mild/moderate/and severe. Hemodynamic data (BP,
HR) and SpO2, were recorded at 1,3 and 5min after
tracheal intubation.
M.E.J. ANESTH 27 (1), 2020
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Statistical Analysis
Sample size estimation was based on a univariate
single group repeated measures analysis of variance
for the time to intubation measurements. Assuming
a likely difference able to detect an effect size of 1.5
seconds in mean times to intubation, an a priori power
analysis revealed that a group size of n=45 was needed
to detect a difference with a power of 0.9 at an α‐level
of 0.05.
Intention-to-treat
analysis
according
to
randomization was performed. Categorical data
were presented as frequencies and percentages while
continuous data were presented as mean and standard
deviation (SD) or median and interquartile range
(IQR). Data were checked for normality. Significant
differences of continuous variables between the
four groups were examined using one-way analysis
of variance (ANOVA) when data were normally
distributed and Kruskal-Wallis test when data were not
normally distributed. Post hoc pairwise comparisons
between any of the 3 VL groups against conventional
DL were examined using Dunnett test when data were
normally distributed and using Mann-Whitney test
when data were not normally distributed. In the latter
case, p-values were adjusted for multiple comparisons
using Holm–Bonferroni method. Post hoc pairwise
comparisons between any 2 of the 4 groups were
examined using Bonferroni test when data were
normally distributed and using Mann-Whitney test
when data were not normally distributed. In the latter
case, p-values were adjusted for multiple comparisons
using Holm–Bonferroni method. Significant changes
in vital signs over time were examined using repeated
analysis ANOVA, and Bonferroni or Dunnett tests for
post hoc pairwise comparisons. Significant differences
of categorical variables between the four groups as
well as pairwise comparisons were examined using
chi-square test or Fisher exact test (as appropriate).
Adjustment of intubation time was done using general
linear model after log-transforming of the intubation
time. Adjustment of categorical outcomes was done
using logistic regression models. Correlation between
Mallampati Class and Cormack-Lehane score were
done using Spearman correlation. All P-values
were two-tailed. P-value <0.05 or adjusted p-values
(of Holm–Bonferroni method) were considered
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significant. SPSS software (release 24.0, Armonk, NY:
IBM Corp) was used for all statistical analyses.

Results
A total of 188 patients were included in the
study. They were distributed in roughly 4 equal
groups; GS (n=48), AT (n=46), CMD (n=45) and DL
(n=49). Table 1 shows the baseline characteristics
of the study patients. Age, gender, body mass index
and vital signs (systolic, diastolic, and mean blood
pressure and heart rate) were not significantly different
between the groups. Thyromental distance and interincisor distance were significantly different between
groups (p<0.001 for each). Post-hoc tests showed
that thyromental distance was significantly shorter in
AT compared with the other 3 groups. Post-hoc tests
showed that inter-incisor distance was significantly
longer in GS and AT compared with CMD or DL
groups. Mallampati Class and Cormack-Lehane score
were significantly different between groups (p<0.001
for each). Mallampati Class was significantly higher
in AT compared with the other 3 groups. CormackLehane score was significantly higher in DL compared
with the other 3 groups. Mallampati Class was
positively and significantly correlated with CormackLehane score (Spearman’s Rho=0.169, p=0.021).
Table 2 shows the study outcomes by groups.
Intubation time was significantly different (p<0.001)
between groups, being longest in CMD and shortest
in AT. Compared with DL, intubation times with
CMD and GS were significantly longer while AT
was significantly shorter. Fairly similar findings were
observed after the intubation time was adjusted for
relevant differences at baseline (Mallampati class,
thyromental distance, and inter-incisor distance).
Compared with DL, the three VL had no significant
difference in rate of successful first attempt or the
number of intubation attempts. For all patients, 11.2%
had oropharyngeal trauma including bleeding (10.2%),
pharyngeal laceration (3.7%), and none dental damage.
Compared with DL, AT group had significantly higher
oropharyngeal trauma (p=0.007). The difference
remained after adjustment of relevant differences at
baseline; Mallampati class and thyromental distance
(odds ratio 14.2, p=0.022). For all patients, 31.7% had
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Table 1
Baseline characteristics of the study patients by group
GS
n=48

AT
n=46

CMD
n=45

DL
n=49

p1- value

p2- value

p3- value

Age (years)
Mean±SD

37.5±10.4

38.3±13.4

34.2±12.6

38.4±12.0

0.312

≤30

11 (23.4%)

13 (28.3%)

17 (37.8%)

12 (24.5%)

0.408

31-40

19 (40.4%)

12 (26.1%)

16 (35.6%)

16 (32.7%)

>40

17 (36.2%)

21 (45.7%)

12 (26.7%)

21 (42.9%)

Male

17 (35.4%)

20 (43.5%)

16 (35.6%)

19 (38.8%)

Female

31 (64.6%)

26 (56.5%)

29 (64.4%)

30 (61.2%)

Height (cm)

162.2±8.9

164.0±10.3

161.4±9.0

161.7±8.6

0.561

Weight (kg)

76.5±17.7

79.3±17.9

75.3±17.9

74.0±15.2

0.488

BMI
Mean±SD

29.2±6.9

29.9±8.0

29.0±6.5

28.6±6.9

0.823

Non-obese (<30)

27 (56.3%)

24 (52.2%)

26 (57.8%)

30 (61.2%)

0.846

Obese (≥30)

21 (43.8%)

22 (47.8%)

19 (42.2%)

19 (38.8%)

Systolic BP (mmHg)

106.2±19.6

114.3±19.0

108.2±15.6

109.8±15.3

0.151

Diastolic BP (mmHg)

63.9±15.4

64.9±12.8

59.6±10.9

62.5±12.3

0.250

MAP (mmHg)

80.5±15.5

85.1±15.0

79.0±10.6

80.4±12.1

0.167

Heart rate (beat/min)

75.3±12.3

79.8±15.3

78.0±16.9

79.6±14.7

0.429

Thyromental distance
(mm)

75.8±7.1

66.1±7.1

70.9±9.6

72.4±7.6

<0.001

GS/AT GS/CMD AT/
CMD AT/DL

AT

Inter-incisor distance
(mm)

44.4±6.9

46.5±5.8

40.6±6.1

41.2±6.5

<0.001

GS/CMD AT/CMD
AT/DL

GS /AT

1

29 (60.4%)

13 (28.3%)

26 (57.8%)

33 (67.3%)

<0.001

GS/AT AT/CMD AT/
DL

AT

2

18 (37.5%)

24 (52.2%)

19 (42.2%)

12 (24.5%)

3

1 (2.1%)

9 (19.6%)

0 (0.0%)

4 (8.2%)

<0.001

GS/DL AT/DL CMD/
DL

GS/AT/
CMD

Gender
0.840

Hemodynamic data

Mallampati Class

Cormack-Lehane score
Full view of glottis

48 (100.0%) 46 (100.0%) 42 (95.5%)

28 (57.1%)

Partial view of glottis

0 (0.0%)

0 (0.0%)

2 (4.5%)

13 (26.5%)

Only epiglottis seen

0 (0.0%)

0 (0.0%)

0 (0.0%)

8 (16.3%)

p1-value detected any significant differences between the 4 groups.
p2-value detected pairwise significant differences between any 2 of the 4 groups.
p3-value detected significant differences between any of the 3 VL groups against DL.
GS: GlideScope, AT: Airtraq, CMD: C-MAC D blade, DL: Direct laryngoscopy.
BMI: body mass index, BP: blood pressure, MAP: mean arterial pressure.
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GS
n=48

Table 2
Outcomes among the study patients by group
AT
CMD
DL
p1- value
n=46
n=45
n=49

p2- value

p3- value

TTI (sec)
Unadjusted, mean±SD

14.9±6.2

10.4±5.9

17.2±11.4

13.5±9.0

<0.001

GS/AT AT/CMD
CMD/DL
GS/AT AT/CMD
CMD/DL
GS/AT AT/CMD

GS/AT/CMD

Unadjusted,
median (IQR)
Adjusted, mean±SD *
Successful first attempt

13.0
(10.1-17.8)
15.4±7.5

8.4
(6.7-12.9)
9.7±7.3

13.5
(10.1-18.5)
15.4±7.3

10.8
(8.4-16.2)
12.3±7.6

<0.001
<0.001

No

0 (0.0%)

1 (2.2%)

4 (8.9%)

2 (4.1%)

0.101

Yes

48 (100.0%) 45 (97.8%)

41 (91.1%)

47 (95.9%)

Number of attempts

1.00±0.00

1.02±0.15

1.09±0.29

1.04±0.20

0.139

No

43 (89.6%)

37 (80.4%)

38 (86.4%)

48 (98.0%)

0.036

AT

Yes

5 (10.4%)

9 (19.6%)

6 (13.6%)

1 (2.0%)
0.074

AT

GS/AT/CMD
GS/AT/CMD

GS/CMD

Oropharyngeal trauma**

Bleeding
No

43 (89.6%)

38 (82.6%)

39 (88.6%)

48 (98.0%)

Yes

5 (10.4%)

8 (17.4%)

5 (11.4%)

1 (2.0%)

Mild

3 (60.0%)

5 (62.5%)

5 (100.0%)

1 (100.0%)

Moderate

2 (40.0%)

3 (37.5%)

0 (0.0%)

0 (0.0%)

Severe

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

Bleeding degree
0.510

Pharyngeal laceration
No

47 (97.9%)

41 (89.1%)

43 (97.7%)

49 (100.0%) 0.038

Yes

1 (2.1%)

5 (10.9%)

1 (2.3%)

0 (0.0%)

Dental damage
No

48 (100.0%) 46 (100.0%) 44 (100.0%) 49 (100.0%) -

Yes

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

Sore throat
No

32 (66.7%)

28 (62.2%)

30 (69.8%)

35 (74.5%)

Yes

16 (33.3%)

17 (37.8%)

13 (30.2%)

12 (25.5%)

No

39 (81.3%)

34 (75.6%)

35 (81.4%)

42 (89.4%)

Yes

9 (18.8%)

11 (24.4%)

8 (18.6%)

5 (10.6%)

0.638

Dysphagia

Improvement of
Cormack-Lehane score
None

29 (60.4%)

17 (37.0%)

23 (52.3%)

---

One class better

16 (33.3%)

23 (50.0%)

19 (43.2%)

---

Two class better

3 (6.3%)

6 (13.0%)

2 (4.5%)

---

0.389

0.169

p1-value detected any significant differences between the 4 groups.
p2-value detected pairwise significant differences between any 2 of the 4 groups.
p3-value detected significant differences between any of the 3 VL groups against DL.
TTI: Time for tracheal intubation, GS: GlideScope, AT: Airtraq, CMD: C-MAC D blade, DL: Direct laryngoscope.
* Adjusted for the Mallampati Class, thyromental distance, and inter-incisor distance.
** Oropharyngeal trauma included bleeding, pharyngeal laceration and dental damage.
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sore throat and 18.0% had dysphagia. Compared with
DL, the three VL had no significant difference in both
sore throat and dysphagia. Compared with DL, there
was 39.6% to 63.0% improvement of Cormack-Lehane
score in the 3 VL groups. However, the improvement
was not significantly different between groups.
Figure 1 shows the changes in vital signs overtime
by groups. The trends of systolic, diastolic, and mean
blood pressure in all patients showed approximately
10% increase after the first minute, followed by steady
decrease at the third and fifth minutes (to approximately
6% reduction from baseline level). While the trends
(differences over time) were significant in all groups
(p<0.001 for each), there were no significant differences
between the groups at any point in time. The heart rate
in all patients showed approximately 14% increase
after the first minute, followed by slight decrease at the
third and fifth minutes (but remained approximately
8% above baseline level). This was true in all groups
but the AT group that had -2.2±11.0 mmHg at the fifth
minute. Therefore, AT group had significantly lower
heart rate at the fifth minute than CMD and DL groups.
Additionally, the heart rate trends were significant in
all groups (p<0.001 for each).

Discussion
The current study compared three different
types of well documented VL devices (GS, AT and
CMD) versus conventional DL in a randomized
design, among adult patients undergoing elective
surgery. To our knowledge, this is the first clinical
study comparing these VL devices in between as well
as versus conventional DL in adult patients without
anticipated difficult airways.
Consistent with the body of literature, the
VL devices included in the current study markedly
improved (40%- 63%) the glottic view in CormackLehane score.15,17-21 We found that the success rate of
the first intubation attempt and overall success rate
were not different between groups. Similar to the
current finding, meta-analyses that pooled success rate
data from randomized studies examining different or
individual VL devices found no difference in success
rate compared with DL.15,20.21
Additionally, another meta-analysis reported
no difference in first intubation attempt success rate
in GS and C-MAC studies but higher success rate
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in AT studies compared with DL.18 Notably, current
evidence indicated that the rate of successful first
attempt was much higher in VL used in patients with
difficult intubation.11,13,15 Furthermore, the number of
intubation attempts in VL and DL was not different
in both current and previous studies.15 The current
study was conducted by experienced anesthesiologists
in airway management among patients with normal
or difficult airways.22,23 This may explain the higher
success rate observed in the current study compared
with the majority of previous studies.15,18
It has been suggested that previously claimed
benefits of VL on TTI is mainly seen among
inexperienced laryngoscopists and in patients
with expected difficult intubation.7,10-13,17 This was
demonstrated in a recent meta-analysis that found
better efficacy parameters including TTI in VL
compared with DL in obese patients.24 In our study we
found that TTI was shorter in AT group compared with
GS and CMD groups in both adjusted and non-adjusted
analysis. The longer average TTI in the GS and CMD
groups may be related to the technique especially
when a bulky VL device is required to manipulate the
stylet and endotracheal tube through the vocal cords.
Likewise, shorter intubation time in AT may be related
to the presence of built-in side channel to guide the
tracheal tube, which is preloaded before the start
of intubation. Similar to the current finding, AT was
associated with significantly shorter TTI in a metaanalysis that pooled data from 17 randomized studies
examining different VL devices.18 On the other hand,
two meta-analyses that pooled data from 18 randomized
studies examining C-MAC and 17 randomized studies
examining GS found no difference in TTI as compared
with DL,20,21 and one study reported that the VL device
used presented inferior efficacy parameters compared
with DL.25 Furthermore, a recent meta-analysis that
pooled data from 37 randomized studies among adult
patients could not estimate the impact of different VL
on TTI.15 This was acknowledged to the high variability
in the definition and presentation of TTI and very high
level of heterogeneity between the studies.15 Consisted
to this, we found that TTI for all VL devices in the
current study was much shorter than observed in the
majority of previous studies.18,20,21
Oropharyngeal trauma in GS and CMD groups
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Fig. 1
Changes in hemodynamic data overtime (baseline, 1-min, 3-min, 5-min) among the study patients by group.
A; changes of systolic blood pressure (mmHg). B; changes of diastolic blood pressure (mmHg). C; changes of mean arterial pressure
(MAP) (mmHg). D; changes of heart rate (beat/min).

were not different from DL in both current and
previous studies.18,20 However, it was higher in AT
than DL group, although mild in most cases (62.5%)
limited to blood traces on the device. This finding
should be cautiously interpreted as there were no
concomitant differences between the groups in regard
to sore throat and dysphagia, which are frequently
used as subjective surrogate markers of oropharyngeal
trauma.15 Interestingly, AT group in this study had the
highest Mallampati class at baseline. Despite the better
traumatic profile of VL in recent meta-analyses,15,17
previous studies have reported that VL may put the
patients at significantly greater risk for oropharyngeal
trauma compared to DL.26,27
We found that the AT reduced the hemodynamic

response to tracheal intubation in both current and
previous recent study.28 This could be attributed to the
design of VL blades that leads to minimal pressure
exerted on the upper airway structure during VL, which
can potentially reduce the hemodynamic response.29-30
Currently, there is strong evidence that VL
improves the view at laryngoscopy and improves
intubation success.4-8,11-15 However, its use is relatively
uncommon and limited mainly as a rescue technique or
in patients with difficult airways.10-13,31-34 Although most
support that there is inconclusive evidence indicating
that VL should replace DL in patients with normal or
difficult airways, several authors have suggested that
VL could be used as the default intubation technique,
with removal of standard DL from routine use.5-7,35-37

Efficacy and safety of videolaryngoscope

Study Limitations
First, it was not possible to blind the intubator to
the device, nor to blind assessors of process measures.
Lack of blinding may represent a potential source of
observer bias and tends to overestimate treatment effect
estimates.38 Additionally, lack of blinding may affect
the performance as a result of the Hawthorne effect,39
when individuals know they are being observed and
therefore change their behavior. Second, the single
laryngoscopy with a Macintosh laryngoscope size 3
blade that was performed by one of the investigators
to assess visualization of the glottis according to the
Cormack and Lehane scale, may lead to some degree
of oropharyngeal trauma and may represent a potential
source of observer bias. Third, the current study was
conducted by experienced anesthesiologists in airway
management among patients with normal or difficult
airways. Therefore, our results may not apply to
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others less experienced anesthesiologists. Fourth, the
definition of time for tracheal intubation (TTI) in our
study is different than others. This makes our results
non comparable and creates a level of statistical
heterogeneity, necessitating that future airway research
should be performed with standardized and universally
agreed outcomes and definitions of those outcomes.40
In conclusion, despite the improved glottis view,
VL does not improve the success rate or reduces the
number of attempts at intubation compared with DL
among adult patients without anticipated difficult
airways undergoing elective surgery. The current data
showed prolonged intubation time in CMD and GS
groups and shorter intubation time in AT group. The
latter had also higher risk of oropharyngeal trauma but
lower impact on heart rate. Sore throat and dysphagia
were not different between VL and DL.
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Anesthetic management of pediatric thoracoscopic
congenital diaphragmatic hernia repair:
initial experience of five cases and review
of the literature
Arijit Sardar,1 Mohammed Rizwan,1
Sathish Rajaselvam1

Abstract
Background: Thoracoscopic repair of congenital diaphragmatic hernia is emerging
progressively over past few decades in pediatric population.
Aims: To study perioperative anaesthetic management of children posted for thoracoscopic
congenital hernia repair.
Methods: we prospectively collected data of consecutive five children posted for
thoracoscopic congenital diaphragmatic hernia repair performed during July 2015 to December
2015. Demographic parameters, preoperative and postoperative clinical and investigations data,
review of intraoperative anaesthesia details, hemodynamics,ventilatory strategy, postoperative
analgesia, surgical details and complications were recorded.
Results: All the children were optimised preoperatively. All the cases were done under general
anaesthesia. Low tidal volume ventilation with pressure limitation and permissive hypercapnia
was maintained throughout the surgery. Stable haemodynamics was achieved in all the cases.
Intraoperative and postoperative analgesia was maintained with epidural bupivacaine infusion
which was later replaced with intravenous paracetamol and fentanyl in most of the cases. There
was no surgery or anaesthesia related adverse event or serious complication reported either in
introperative or in postoperative period.
Conclusions: successful anaesthetic management of thoracoscopic congenital diaphragmatic
hernia repair were safely performed in all the cases. Adherence to the basics of pediatric and
thoracic anaesthesia and knowledge of intricate surgical details can prevent untoward perioperative
complications.
Keywords: congenital diaphragmatic hernia, thoracoscopy, anaesthetic management.
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Introduction
Thoracoscopic
surgical
procedures
and
examinations are emerging in the pediatric population.1
Thoracoscopic repair of congenital diaphragmatic
hernia (CDH) has been shown to be more efficient and
safer than other procedures.3 Clinical data, anesthesia
management and perioperative complications for
thoracoscopic CDH repair is sparse in the anesthesia
literature. Here we describe perioperative anesthetic
management of consecutive 5 children posted for
thoracoscopic CDH repair in a tertiary healthcare
hospital in India.

Material and Methods
After obtaining informed written consent from
the guardians of the children, we prospectively
collected data of consecutive five children posted
for thoracoscopic CDH repair performed from July
2016 to December 2016. Demographic parameters,
preoperative and postoperative clinical data,
intraoperative anaesthesia details, hemodynamics and
ventilatory strategy, postoperative analgesia, surgical
details and complications were recorded.

Demographic data
All 5 children were of infant age group. Among
them two were neonates. Pre-operative weight ranged
from 2.4kg to 7kg. Apart from their primary congenital

anomaly, two children had ano-rectal anomaly and
pulmonary artery hypertension respectively. Total
duration of surgery and total blood loss ranged from
2 to 4 hours and 25 to 80 ml respectively. Baseline
demographic parameters are presented in table 1.

Preoperative optimisation
Detailed history of antenatal diagnosis, fetal
surgery, birth weight, age of onset and progression
of symptoms, presence of other congenital anomaly
and pre-operative medical treatment were taken from
parents and records were scrutinised. In our series, one
child was diagnosed antenatally. All the children had
low birth weight. Presenting symptoms were dyspnea,
cyanosis, cough and fever. On examination, there was
scaphoid abdomen, decreased breath sound in the
affected site, bulging chest and bowel sound in the
chest. Congenital heart disease (CHD) was present in
3 patients; one with moderate pulmonary hypertension
(PHTN), one with ventricular septal defect (VSD) and
one with atrial septal defect (ASD). The patient with
PTHN was intubated and ventilated preoperatively
for not being able to maintain adequate oxygen
saturation. The other 4 patients were maintaining
adequate oxygen saturation either by hood or on room
air. Preoperatively routine investigations such as pulse
oxymetry (SpO2), hemogram, liver function test,
kidney function test, serum electrolytes, Chest X-ray
(CxR), electrocardiography (ECG), echocardiography
(ECHO) and arterial blood gas (ABG) were obtained.

Table 1
Demographic characteristics of the patients
AGE

SEX
(M/F)

WEIGHT
(Kg)

Co
Morbidities

Blood loss
(ml)

Duration of
Surgery(Hr)

CDH1

3 Months

M

4.8

Nil

40

2.5

CDH2

11Days

F

2.4

Ano-rectal malformation

30

2

CDH3

2 Days

M

2.5

Pulmonary artery
hypertension

25

3.5

CDH4

2Months

F

2.6

Nil

50

4

CDH5

9 Months

M

7

Nil

80

3

CHD- Congenital diaphragmatic hernia.
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Table 2
Pre-operative baseline investigations
ECHO

Chest X-ray

SpO2
(%)
94-96

Ventilation

ABG

O2 by hood @ 5l/min pH-7.29
PO2-98
PCO2-45

CDH 1

Normal

1. Left lower lobe absent
2. No infective changes
3. Mid gut in hernia content

CDH2

Small VSD

1. Absent lung tissue in left side
2. No infective changes
3. Mid gut in hernia content

CDH3

PAP 32 mm Hg

1. only Small upper lobe in left side
present
2. Mediastinal shifting to right
3. Stomach in hernia content

95-96

Intubated &
ventilated with
PSIMV mode,
FIO2-0.5

pH-7.29
PO2-95
PCO2-52

CDH4

Normal

1. Near complete absence of left lung
2. Colon in hernia content
3.Right upper lobe infective changes

92-94

O2 by hood @ 5l/
min

pH-7.38
PO2-82.5
PCO2-38.7

CDH5

Small ASD

1. Left upper lobe present
2. Midgut in hernia content

95-96

Room air

99

O2 by hood @ 6l/min pH-7.39
PO2-110
PCO2-48.9

pH-7.36
PO2-135
PCO2-41
CDH- Congenital diaphragmatic hernia, ECHO-Echocardiography, ABG- Arterial blood gas, VSD- Ventricular septal defect, PAPPulmonary artery pressure, PSIMV- Pressure synchronised intermittent mandatory ventilation. FIO2- Fraction of inspired oxygen.

Computed tomography (CT) scan was done in selected
patients upon surgeons’ discretion. Physiotherapy,
antibiotics, bronchodilators were used where necessary.
Good hydration and nutrition was maintained in all
patients. Preoperative patients’ characteristics, CxR
finding, ventilatory status and preoperative ABG are
summarised in the table 2.

Conduction of general anesthesia
All patients were induced with intravenous
fentanyl, thiopentone and atracurium since all of
the children had in situ intravenous line. Standard
monitoring (ECG, NIBP, SpO2, temperature and urine
output) with invasive arterial pressure (IAP) and
central venous pressure (CVP) monitoring was done in
all cases. Anesthesia was maintained with 50% oxygen
in air, sevoflurane and atracurium boluses. Caudal
catheter was put and tunnelled in 4 patients with no
anorectal anomaly and intraoperative infusion of
0.125% bupivacaine at a rate of 0.1ml/kg was initiated
and titrated according to hemodynamic response. In
one patient with ano-rectal malformation (ARM),
intraoperative fentanyl infusion was used for analgesia
and was stopped 30 min before end of surgery.

Airway management and creation of
capnothorax
Intrathoracic bowel content was deflated with
nasogastric tube. High airway pressure with bag and
mask ventilation was avoided. Endotracheal intubation
was done in all children. None of the patients required
lung isolation. All the patients were put in right lateral
position. Eyes were padded, pressure points were
secured and air entry rechecked. Our surgeons usually
use a three port systems of one 5mm and two 3mm,
inserted in anterior, middle and posterior axillary line
respectively in either 7th or 8th intercostal space. CO2
insufflated through middle port at a rate of (1-2)L/
min and a pressure of (4-6) mm Hg was maintained
throughout the surgery. All surgeries were done by
video assisted thoracoscopic surgery (VATS) and no
conversion to open technique was required.

Intraoperative ventilation strategy and
hemodynamics
All children were ventilated with pressure control
ventilation. Low tidal volume (TV) ventilation with
permissive hypercapnia was allowed. Peak inspiratory
M.E.J. ANESTH 27 (1), 2020
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Table 3
Intra-operative management and post-operative variables
NAME

Vent
Setting
(intraop)

ABG
(Pre-extubation)

Ex-tubation

Chest X ray
(postop)

Analgesia
(Postop)

CDH1

PCV
PIP-25
RR-25

pH-7.29
PO2-124
PCO2-48

On table

Fully inflated lung

Caudal infusion,
Intravenous PCM and
Fentanyl

CDH2

PCV
PIP-20
RR-21

pH-7.12
PO2-116
PCO2-79.4

POD5

Partially inflated lung

Caudal infusion,
Intravenous PCM and
Fentanyl

CDH3

PCV
PIP-30
RR-28

pH-7.15
PO2-120
PCO2-75

POD7

Enlarge pulmonary
artery,
Infective changes left
lower lobe

Caudal infusion,
Intravenous PCM and
Fentanyl

CDH4

PCV
PIP-18
RR-23

pH-7.23
PO2-156
PCO2-43

On table

Mild effusion in right
side

Intravenous PCM and
Fentanyl

CDH5

PCV
PIP-22
RR-25

pH-7.32
PO2-164
PCO2-51

On table

Clear lung field

Caudal infusion,
Intravenous PCM and
Fentanyl

CDH- Congenital diaphragmatic hernia, Intraop- Intra- operative, ABG- Arterial blood gas, Postop- Post-operative, PCV- Pressure
control ventilation, PIP- Peak inspiratory pressure, RR-Respiratory rate, POD- Post operative day, PCM- Paracetamol.

pressure (PIP) was adjusted to deliver a tidal volume
of 4-6ml/kg TV. After creation of capnothorax, PIP
was increased to deliver set TV. Respiratory rate and
PIP were adjusted to achieve an end tidal carbon
dioxide (ETCO2) maximum of 50 mm of Hg. In
Fig. 1
Intra-operative haemodynamics
SBP- Systolic blood pressure,
ETCO2- End tidal CO2

spite of adjusting ventilation parameter, ETCO2 was
more than 60mm Hg in two patients. Inspired oxygen
concentration (FIO2) was adjusted to keep SpO2
around 91-92 %, ABGs were done in all patients at 1hr
post capnothorax and before extubation. Ventilatory
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strategy was modified as per ABG results. All children
were hemodynamically stable intraoperatively (Figure
1). In all patients, mild hypotension and tachycardia and
ventricular ectopics in one patient were noticed during
CO2 insufflation, but didn’t require any treatment.
Intra-operative lung isolation technique, ventilator
settings, pre-extubation ABGs are summarized in
Table 3.

Extubation
Most of the patients were extubated after surgery.
Inter costal drain was inserted in all cases in the
operating side. Two children were electively ventilated
postoperatively due to acidosis and hypercarbia.

Post-operative pain control
Postoperatively
0.1%
bupivacaine
with
morphine 50mcg/kg was infused for 2 days at a
rate of 0.1ml/kg. The caudal catheter was removed
on the second postoperative day and replaced with
intravenous paracetamol 7.5mg/kg three times daily
and fentanyl boluses when required. In one patient
the caudal catheter could not be inserted because
of anorectal malformation. Fentanyl infusion was
started postoperatively at a rate of 0.5mcg/kg/hr. Postoperative analgesia technique is presented in Table 3.

Postoperative outcome
All children were shifted to the pediatric surgery
intensive care unit (ICU). The patient with pulmonary
hypertension was extubated on 7th postoperative
day. Two children had occational supraventricular
tachycardia which responded to conservative
management. No child required re-do surgery. Three
children had fully expanded lung and only one patient
had minor effusion which did not required treatment.

Discussion
Thoracoscopy allows the surgeon to look inside
the thoracic cavity and perform operative procedures
without breaching the thoracic wall. This avoids
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extensive incision over the thoracic wall, excessive
blood loss from the wound, severe postoperative pain
leading to compromised respiration, post-thoracotomy
syndrome and longer hospital stay.4 It also reduces the
musculoskeletal sequel like scoliosis, development of
asymmetrical thoracic cage and winging of scapula
compared to conventional thoracotomy in children.2
Development of advanced thoracoscopic instruments
and improvement in the finer aspects of surgical
steps has widened the scope for more complicated
procedures, leading to increased challenge for the
anesthesiologist to manage these cases successfully.
Initial studies had strict selection criteria
for thoracoscopic CDH repair since preoparative
respiratory instability, hypercarbia, children on
ECMO, stomach in the hernia content were considered
bad prognostic factors and the chances of conversion
to open surgery were high.5 Lao OB et al analysed
thoracoscopic versus open CDH repair and found
favourable outcome in thoracoscopic group with
a broad selection criteria including presence of
pulmonary hypertension and stomach as hernia
content.6 Children stabilised with preoperative ECMO
were successfully operated with minimally invasive
procedure.3 In the present series, we did not include
children with these complications due to newer setup
and limited experience.
Thoracoscopic CDH repair does not require
lung isolation. Hypoplastic lung does not inflate and
does not hinder surgeon’s view. Isolation is required
when the lung is healthy or when the surgeon requires
more space for plication or patch repair for larger
defects. Inspite of numerous options for lung isolation,
considering our patient profile only three options
would have been suitable. These includes selective
main stem bronchus intubation either with Fogarty
embolectomy or swan-ganz catheter and Arned
endobroncial blocker (AEB). All our patients were
infants and 3Fr size Fogarty catheter is recommended
for male or female unless they are more than 1 year
of age. The catheter can be inserted blindly and
confirmed by either fibreoptic bronchoscopy (FOB)
or fluoroscopy. Alternatively it can be put via rigid
bronchoscope under direct visualisation and kept
alongside the ETT.7 Smallest size of AEB (5Fr) can
be used even in 2days old neonate weighing 2.5kg.
M.E.J. ANESTH 27 (1), 2020
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It is passed through the vocal cord extraluminally to
ETT and the position reconfirmed by FOB through
the ETT.8 But our surgeons did not asked for one lung
ventilation (OLV) in any of the cases.
CO2 insufflation facilitates thoracic surgery
by collapsing the lung; however its effects on
hemodynamic instability has not been investigated
in details. High insufflation pressure is deleterious in
patients with poor cardiac functions or hypovolemia.9
Hill RC et al showed decreases in mean arterial
pressure, cardiac index and left ventricular stroke work
index with significant increase in CVP and PA pressure
when capnothorax insufflation pressure reaches10mm
Hg.10 These effects can be minimised by limiting the
CO2 flow rate insufflation to 1L/min and inflating
pressures up to 4-6 mm Hg[7] as done in all our cases.
In the present series, our intraoperative goals were low
tidal volume lung protective ventilation, permissive
hypercapnia, maintenance of stable cardiovascular
parameter, good analgesia and optimal muscle
relaxation for good surgical outcome.
Complications with thoracoscopy include
hypercapnia and respiratory acidosis. Greater solubility
of CO2 increases PaCO2, etCO2 and leads to respiratory
acidosis. Bishay M et al reported prolonged and severe
hypercarbia and acidosis in thoracoscopic TEF repair
compared to open surgery and questioned about its
safety.11 In contrast, Mukhtar AM et al considered it
safe and concluded that hypercapnia with 50-70 mm
Hg target PaCO2 in children undergoing thoracoscopic
surgery using OLV is without any deleterious
cardiopulmonary effects.12 Our goal was to allow
permissive hypercapnia upto 50 mm Hg of etCO2.
In two children in spite of adjusting the ventilatory
parameter, etCO2 increased more than 60mm Hg.

Arijit Sardar et. al

Post-operative pain control is essential since
it prevents postoperative hypoxia, atelectasis and
retention of secretions. Multiple modalities have been
described like NSAID, paracetamol, opioid, intercostal
nerve block, and epidural analgesia.13 In all our patients
caudal epidural catheter was put preoperatively and
bupivacaine morphine combination was infused upto
2nd postoperative day and then replaced by intravenous
paracetamol and fentanyl boluses when required. In
one patient caudal catheter could not be put because
of anorectal malformation and fentanyl infusion
was started instead. Though epidural analgesia was
not considered necessary in thoracoscopy by some
author but considering the possibility of conversion to
open thoracotomy and better pain relief, we inserted
caudal catheter wherever it was feasible.7 Several
complications can adversely affect the outcome of
the surgery such as persistent air leak, pneumothorax,
subcutaneous emphysema, infective changes such as
pneumonia, empyema, abscess, lung herniation, gas
embolism etc.7,13 None of our patients had any major
postoperative complication. In one case, mild infective
change was found in left lower lobe chest x-ray and in
another case mild pleural effusion was detected, which
did not require drainage.

Conclusion
Anesthetic
management
of
pediatric
thoracoscopic CDH repair was safely managed without
any serious complications in our case series of five
children. However proper patient selection, invasive
monitoring, lung isolation, ventilation strategy with
permissive hypercapnia, limiting insufflations pressure
and perioperative pain management are keys to success.

Anaesthetic management of congenital diaphragmatic hernia
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Combined spinal-epidural anesthesia for
femoral amputation in a 91 years old
patient with asymptomatic severe
aortic stenosis: a case report.
PT Nielsen, M.D.1, MV Gonzalez, M.D.2,
J Howes, MBChB FRCA FFICM1

Background
Aortic stenosis (AS) is significant risk factor for cardiac complications during noncardiac
surgery.1 The prevalence of AS increases with age, it averages 0.2% in the 50- to 59-year cohort,
and increases to 9.8% in the 80- to 89-year cohort.2 Historically the majority of patients with
severe AS receiving aortic valve replacement exhibited a high transvalvular pressure gradient,
with variable left ventricular hypertrophy, and normal or reduced left ventricular ejection fraction
(LVEF). Populations with a lower gradient and severe aortic stenosis are increasingly recognized
in situations of low flow. This is characterized by either an impaired ejection fraction (classical low
flow-low gradient aortic stenosis) or a normal ejection fraction (paradoxical low flow-low gradient
aortic stenosis).3
AS causes left ventricular pressure overload due to outflow obstruction resulting in an
increased working load. Over time this causes a LV hypertrophy, reduced diastolic compliance and
increased myocardial oxygen consumption. A reduced filling time and decreased sub-endocardial
blood supply cause ischemia. Thus, ventricular filling is dependent on a preserved preload and
maintenance of sinus rhythm.4
The American College of Cardiology/American Heart Association (ACC/AHA) 2014
Guidelines,5 recommend aortic valve surgery is undertaken before non-cardiac surgery in a patient
with severe AS. However, several reports have noted that non-cardiac surgery can be performed
safely with careful anesthetic management by adjusting left ventricular preload and systemic
arterial pressure and avoiding tachycardia.

Case Presentation
We are reporting the successful anesthesia of a 91-year-old Swedish lady (height 160cm,
weight 52kg) with severe peripheral vascular disease. The patient underwent right trans-femoral
amputation due to pain, vascular insufficiency and gangrene of 1st toe. Her comorbidities included:
Warfarin treated atrial fibrillation, hypertension, pulmonary hypertension (PA pressure 63mmHg)
and aortic stenosis. Trans-thoracic echocardiography before surgery revealed aortic stenosis with
VTI ratio 11% of valvular area with doppler flow 99/65 mmHg (maximum and median pressure),
1
2.

Hull University Teaching Hospitals NHS Trust, Dept. of Anesthesia & Critical Care, Anlaby Rd, Hull HU3 2JZ, UK, email:
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estimated LVEF 55%, LVH and MI grade 1-2 of 3. Risk
stratification tools were used to calculate mortality of
18.7% Possum and P-possum 9.6%. EuroSCORE-II
was calculated mortality at 4.96% (however, only 21
patients over the age of 90 are in the EuroSCORE-II
database).
Due to her comorbidities and high-risk
stratification a combined spinal-epidural (CSE)
anesthetic was chosen. Monitoring complied with
the Swedish Society of Anesthesiology and Intensive
Care (SFAI) standards (3 lead ECG, pulse oximetry,
capnography and invasive arterial blood pressure
monitoring via 20G radial catheter) were undertaken
prior to anesthesia. A spinal anesthetic was performed
under an aseptic technique using a 27G spinal needle.
10mg hyperbaric Bupivacaine (0.5%) and 5micrograms
Sufentanil were administered intrathecally. An 18G
epidural catheter was inserted for postoperative
analgesia at L2/3 level, with the catheter marking 11cm
at the skin. An intravenous infusion of phenylephrine
was started peripherally at 1mg/hr after the injection of
spinal anesthetic. It was reduced to 0.5mg/hr and then
stopped after 30 minutes. 1000 ml Ringer’s acetate
solution was given during the procedure. The patient
was hemodynamic stable throughout the procedure
(see table 1). Her post anesthetic care unit stay was
uneventful.

Discussion
No RCTs exist on this subject. Only a few case
reports have been published, along with some small
retrospective studies. This is surprising given the steadily

increasing incidence of AS. Central neuraxial blockade
(CNB) has well documented benefits as an anesthetic
and analgesic technique for many different types of
surgery. There are no evidence based recommendations
for the preferred anesthetic regimen in patients with
AS. Very few patients with severe AS have their aortic
valves replaced prior to non-cardiac surgery, as is
recommended in current guidelines.4 This practice is
suitable for elective surgery only, but in critically ill
patients the advantages of performing urgent surgery;
outweigh the benefits of valve replacement.6 A metaanalysis of 9 Cochrane studies7 looked at intermediate
to high cardiac risk operations with CNB or GA ±
additional CNB. It assessed postoperative rates of
death, chest infection, myocardial infarction and
other serious adverse effects. It found that compared
with GA (with or without supplementary CNB) the
use of CNB alone significantly reduced the mortality
rate by 2.5% (p =0.02). However the population
was non-selective for AS. Amat Santos et al suggest
that epidural analgesia is well tolerated in an elderly
fragile population with multiple comorbidities,8 for
the transapical transcatheter aortic valve implantation
(TAVR) procedure.
There is no conclusive evidence that CNB
should not be used in patients with AS. Both cardiac
and non-cardiac operations have been performed
successfully using CNB in patients with AS. Neuraxial
blockade with the careful titration of local anesthetics
appears to be as safe as GA, when guided by invasive
monitoring to optimise fluid status and guide the use of
vasoconstrictors to manage hypotension.

Table 1

Combined spinal-epidural anesthesia for femoral amputation
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methods used in representing and analyzing the
data should be described. The computer software
used for data analysis should be provided.
The level of statistical significance should be
provided;
3. Results (new page): Results should be presented
in a logical sequence in the text, tables, and
figures giving the main or most important
findings first. Do not repeat all the data in the
tables and figures in the text;
4. Discussion (new page): The discussion should
focus on the findings in the current work.
5. ABBREVIATIONS should be spelled out
completely when first used in the manuscript.
The use of abbreviations is discouraged in the
title.
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numerals) in the sequence they appear in the text. If
there is punctuation adjacent to reference superscripts,
references should be placed after punctuation marks.
List all authors when there are 6 or fewer; when there
are 7 or more, list only the first 6 and add “et al”. Use
abbreviated titles of the medical journals as they appear
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F. Tables
Number tables consecutively in order of appearance
(Table 1, etc.). Each table must have a title and include
footnotes when appropriate. Make sure any symbols
and abbreviations used in the tables are defined. Tables
must be word processing document format (eg, .doc).
Do not submit tables as image files.

G. Figure Legends
Supply a legend/caption for each figure, on the last
page of the manuscript file.

H. Figures
If a single figure contains more than one panel,
each panel must be identified alphabetically (e.g., A, B,
etc.) and should read left to right in presentation. The
figures must be cited in the text in the same, consecutive
numeric order. Each Figure should be clearly labeled
with the figure number (e.g., Figure1, Figure2, etc.).
Make sure that any special symbols used in a figure
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Format: Acceptable graphics formats are .tiff, .eps,
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Resolution: Photographic or halftone figures
should be saved at 300 ppi resolution, with image sizes
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I. Additional Information
1. Units of Measurement
Use metric units. The units for pressures are mmHg
or cmH2O. Use diagonal slashes for units, e.g., mg/kg
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2. Abbreviations
Do not use jargon or nonstandard abbreviations to
represent time or time points. Do not abbreviate single
words.

3. Drug Names and Equipment
Use generic names. If a brand name must be used,
insert it in parentheses after the generic name. Provide
manufacturer’s name, city, state, and country.

4. Data Reporting and Statistics
Detailed statistical methodology must be reported.
Describe randomization procedures and the specific
tests used to examine each part of the results; do not
simply list a series of tests. Describe the power analysis
(whenever appropriate) used to justify the number of
patients needed in the study.

5. Patient Identification
Do not use patients’ names, initials, or hospital
numbers. An individual must not be recognizable in
photographs unless written consent of the patient or
legal guardian has been obtained and is provided at
the time of submission. Authors should obtain consent
forms from the relevant institution(s).

J. Permissions
Permission is needed to publish any figure, abstract,
portion of text, or table that has been previously
published or copyrighted. Written permission must
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