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In spite of so many advancements in the medical
sciences, precise control of hyperglycaemia has
always been a tough challenge for anaesthesiologists
and intensivists. The battle to achieve euglycaemia in
the intensive care unit (ICU) and operation theatres
with newer oral and injectable drugs has witnessed
varied  results. Perioperative  hyperglycaemia,
especially a plasma glucose level above 180 mg/
dl, is an independent marker of poor clinical and
surgical outcomes in both, the known diabetic and
non-diabetic population.™ The unwanted outcomes
include delayed wound healing, an enhanced
rate of wound infection, postoperative pulmonary
complications, prolonged hospital stay and higher
postoperative mortality. Hyperglycaemia (plasma
glucose levels above 140 mg/dl) is common, with an
occurrence of 20-40% in patients undergoing general
surgery and the highest incidence of 80-90% in the
cardiac surgical population.®

THE PERIOPERATIVE GLYCAEMIC CHALLENGE

The molecular mechanisms and pathophysiology
of perioperative hyperglycaemia are now fairly well
understood. The preoperative anxiety, stress of
surgery, sympathetic response to intraoperative pain,
hypoxia, hypercarbia, blood loss and low arterial
pressure lead to decrease in insulin secretion and
the peripheral utilisation of glucose. This produces
an increase in gluconeogenesis and glycogenolysis,

S. Parthasarathy, Sanjay Kalra?, Madhuri S. Kurd@, Sukhminder Jit Singh Bajwa*
Department of Anaesthesiology, Mahatma Gandhi Medical College and Research Institute, Sri Balaji
Vidyapeeth, Puducherry, ‘Department of Endocrinology, Bharti Hospital, Karnal, Haryana, 2University Centre
for Research and Development, Chandigarh University, Mohali, Punjab, 3Department of Anaesthesiology,
Karnataka Institute of Medical Sciences (KIMS), Hubli, Karnataka, “Department of Anaesthesiology and
Intensive Care, Gian Sagar Medical College and Hospital, Banur, Patiala, Punjab, India

Address for correspondence: Dr. Madhuri S. Kurdi,
Department of Anaesthesiology, Karnataka Institute of Medical Sciences (KIMS), Hubli, Karnataka, India.
E-mail: drmadhuri_kurdi@yahoo.com

thus leading to perioperative hyperglycaemia, and the
resultant increased production of pro-inflammatory
cytokines and osmotic diuresis that can produce
fluid and electrolyte imbalance. All this can lead
to the early development of ketoacidosis, immune
deregulation, insulin resistance and an inflammatory
state which can play havoc with patient recovery after
surgery.’! A study has shown that marked insulin
resistance can develop in surgical patients during
upper abdominal surgery even when the endocrine
response is minimal.! Lengthy preoperative fasting
and inability to take oral feeds postoperatively add
to the difficulties in the management of perioperative
blood glucose.

Perioperative stress reduction and allaying of
preoperative anxiety have been an all-time favourite
of researchers.’”! The comparison of the effect of
different anaesthesia techniques on the perioperative
glycaemic level has also been a topic that has been
often researched upon. Studies have shown that
inhalational agents such as sevoflurane and isoflurane
increase the blood glucose levels by affecting the
neuroendocrine surgical response to stress, and there
is not much difference between the two.® Also,
propofol produces lesser rise in blood glucose levels
than inhalational agents like sevoflurane.™

It is clear that blood glucose levels 1-2 days
preoperatively and postoperatively are associated with
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postoperative complications and mortality, and it is
necessary to optimise them. However, are we always
able to achieve 100% success in this endeavour?

PREOPERATIVE GLUCOSE CONTROL

Our own national guidelines on preoperative
investigations mention that preoperative blood glucose
estimation is not recommended in American Society
of Anesthesiologists (ASA) grade I and II patients
without a known history of diabetes undergoing
any type of surgery."” However, several authors say
that screening for diabetes is recommended in every
patient being planned for surgery.""! The preoperative
assessment of diabetes control is done using
glycosylated haemoglobin (HbA1c), and higher HbA1c
values are closely related to morbidity, cardiac injury,
postsurgical infection and mortality. The optimum level
of HbA1c and the cut-off point for the postponement/
cancellation of elective surgery are still not clear.
Nevertheless, preoperative HbA1c levels in the range
of 5%-9% are considered optimal, and elective surgery
has to be delayed if HbA1c level is =9% and random
plasma glucose level is >216 mg/dl."? When to order
an endocrine consult is another question. As suggested
in Chinese guidelines, endocrine consultation is
recommended for patients with preoperative acute/
chronic complications of diabetes mellitus and for
high-risk patients.

PERIOPERATIVE GLYCAEMIC TARGETS

In most elective and emergency perioperative
patients, maintaining the blood glucose in the
range of 140-180 mg/dl with the aim of preventing
both hypoglycaemia and severe hyperglycaemia
is a reasonable goal. The recommendation by the
American Diabetes Association (ADA) is to keep
perioperative glucose in the range of 80-180 mg/dl and
140-180 mg/dl for most critically ill and non-critically
ill patients, respectively.'¥ The target intraoperative
blood glucose level is generally 108-180 mg/dl for
long- and medium-length surgeries, with a slightly
higher target range for cardiac and neurosurgery.
For minimally invasive surgery, which is most
commonly done nowadays, the target blood glucose
levels are 90 mg/dl-129 mg/dl. Postoperative blood
glucose levels have been found to be highest on the
first postoperative day than at any other perioperative
time-point, after which they usually decrease.[**! The
postoperative target level is 216 mg/dl for all kinds
of surgery. However, for those in the postoperative

754

ICU or on mechanical ventilation, the target blood
glucose level is 126 mg/dl-144 mg/dl with a higher
range up to 216 mg/dl in those with cardiovascular/
cerebrovascular disease.?

CONTEMPORARY RESEARCH

In a randomised controlled study being published in
this issue of the Indian Journal of Anaesthesia (IJA),
the authors have compared the effect of sevoflurane
and desflurane on hourly intraoperative blood glucose
levels in non-diabetic patients undergoing intracranial
surgery. The study concludes that sevoflurane causes
a gradual increase in intraoperative glucose, whereas
desflurane produces an initial rise followed by a decline
in glucose level."s! These changes, though statistically
significant, remained clinically insignificant. Propofol,
remifentanil and regional anaesthesia techniques
including spinal anaesthesia and thoracic-epidural
have been reported to improve intraoperative glucose
homeostasis in both diabetics and non-diabetics.57!

Glucovigilance is required in non-diabetic persons
undergoing anaesthesia as well. In a randomised
double-blind controlled trial involving 150 non-diabetic
patients being published in this issue of the IJA, ASA
physical status I or II subjects were administered
a single dose of IV dexamethasone 0.15 mgkg
following intubation. It was found that even a single
dose of dexamethasone in non-diabetic adults causes
statistically significant and higher, earlier and prolonged
postoperative hyperglycaemia up to 72 hours.®

Nevertheless, in studies related to perioperative blood
glucose, one has to keep in mind that several factors such
as temperature, altitude, oxygen concentration in the
blood, plasma uric acid and triglyceride levels, patient
haematocrit and medications such as acetaminophen
and vasopressors can affect the capillary blood glucose
(CBG) readings. Getting a capillary blood sample can be
difficult in the presence of perioperative hypotension
and hypothermia. Hence, all these factors need to be
standardised in the study subjects and considered
while designing the studies.'*2%

ENSURING PERIOPERATIVE EUGLYCAEMIA: THE
ANAESTHESIOLOGIST'S DOMAIN

A modification of the insulin and oral hypoglycaemic
agent regimens for the perioperative care of diabetic
patients undergoing elective surgery is commonly
done.” A basal dose of insulin at all times is
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recommended in persons with Type 1 diabetes at
all times, unless the patient is hypoglycaemic. The
different types of insulin preparations, strengths,
delivery devices, their route, infusion rate and
regimens add to the confusion over which one to
choose. The frequency of measurement of the CBG is
another matter of debate. Usually, CBG measurements
are taken hourly at the beginning of the infusion,
every 1-2 hours intraoperatively, every 2-4 hours
postoperatively and more frequently in case of
unstable or fluctuating glycaemia.® Nevertheless,
each anaesthesiology unit should have its own
insulin stewardship protocol, similar to those used for
antibiotic stewardship.??!

The guidelines regarding older hypoglycaemic drugs
and their anaesthetic concerns are already well-
established. Almost all oral hypoglycaemic agents
except metformin are omitted on the day of surgery.
However, all of us need to get ourselves familiarised
with the newer oral hypoglycaemics. The newer
oral hypoglycaemic drugs can be categorised under
sodium-glucose cotransporter-2 inhibitors (gliflozins),
glucagon-like peptide 1 receptor agonists (GLP-1RAs)
and glimins. There are multiple drugs under the
umbrella of gliflozins. The mechanism of action is
sodium-glucose cotransporter-2 inhibition. These
are a new class of oral antihyperglycaemic agents
that promote glycosuria by blocking renal glucose
reabsorption. The most used agents in the world
are canagliflozin, dapagliflozin, and empagliflozin.
Their distinct mode of action is unrelated to beta-cell
function. The key feature of these drugs is that they
have additional extra-glycaemic cardiovascular
benefits including weight loss, reduction of blood
pressure and a reduction in cardiovascular mortalities.
The gliflozins must be discontinued two to three
days prior to surgery. They cause problems which
are likely to influence the anaesthetic management
such as coincident volume contraction, a higher
incidence of euglycaemic ketosis, hyperkalaemia and
postoperative fluid imbalance. The glycaemic control
should be achieved with perioperative insulins after
discontinuation.®¥

In a letter to the editor being published in this issue
of the IJA, the authors have reported the occurrence
of euglycaemic diabetic ketoacidosis (EuDKA) in a
42-year-old female posted for bariatric surgery and
on empagliflozin. The drug was omitted on the day
of surgery, but EuDKA occurred towards the end of
surgery and was corrected within 72 hours.*
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Another class of drugs is GLP-1RAs. These drugs come
as both oral and parenteral preparations. Injectable
dulaglutide, lixisenatide and liraglutide as well as
oral semaglutide are available in India. Nausea,
vomiting and diarrhoea are the most often reported
gastrointestinal adverse effects with GLP-1RAs. Reports
indicate that these side effects are more common in
the early weeks of initiation. The changes in milieu
like alkalosis and electrolyte disturbances should
be kept in mind when anaesthetising such patients.
There are reports of better cardiovascular outcomes in
patients receiving these drugs. The key factor is that
the drug administration may be only once a week, and
the withdrawal of drug seems impractical. Hence, it is
ideal to continue and watch for any side effects and
act accordingly./*

Imeglimin is a novel oral agent under investigation
for the management of type 2 diabetes. Stimulation of
muscle glucose uptake and reversal of pancreatic beta
cell function are the possible described mechanisms
of glucose control with imeglimins.”® Imeglimin
may also have the potential to address essential
diabetes-related complications such as cardiac
dysfunction and nephropathy. Till now, no deleterious
effects have been detected in terms of cardiovascular
safety, and current clinical data also demonstrate a lack
of QT prolongation. There are no real data regarding
their use and perioperative outcomes so far.!?”! This is
a topic for future research.

THE WAY FORWARD

Nonetheless, the area of perianaesthesia glucose
control opens up newer vistas of research. Universal
and latest Indian guidelines for pre-, peri- and
postoperative glycaemic management are the need of
the hour. It is known that ethnic differences in insulin
resistance and glucose metabolism exist, and hence,
prospective studies related to perioperative glucose
in the Indian population need to be encouraged.
Currently, though we have an ever-increasing choice
of drugs and strategies to tackle hyperglycaemia, the
question that lingers foremost in our minds is ‘Have
we been successful in mastering perioperative glucose
control?
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A study to evaluate nasotracheal intubation using
Airtraq laryngoscope with a bougie and without a
bougie
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ABSTRACT

Background and Aims: Airtraq has been found to be useful in improving the view of the glottis.
However, directing the tube tip into the glottis can be challenging during nasotracheal intubation.
This problem gets resolved if the bougie is placed first. The present study was conducted for
the evaluation of nasotracheal intubation using a nasal Airtraq laryngoscope with and without a
bougie. Methods: Fifty patients of either gender, aged between 18 and 60 years, who belonged
to the American Society of Anesthesiologists physical status (PS) I or Il, requiring nasotracheal
intubation were included. In group | (number (n) = 25), nasotracheal intubation was performed with
a bougie, and in group Il (n = 25), it was performed without a bougie. The primary objective was a
comparison of the time taken to achieve successful nasotracheal intubation. Secondary objectives
were ease of intubation and additional manoeuvres required for intubation. Results: The mean
(+ standard deviation) for time for intubation in group | was 59.24 + 9.98 s and that in group Il
was 41.00 + 4.23 s (P = 0.001). Two patients (8%) in group | and ten patients (40%) in group Il
required additional manoeuvres for intubation (P = 0.008). Twenty-three patients (92%) in
group | and 15 patients (60%) in group Il had easy intubation (P = 0.030). In group I, no patient
had trauma, whereas, in group I, four patients (16%) had trauma (P = 0.030) during intubation.
Conclusion: The time taken for nasotracheal intubation using an Airtraqg laryngoscope was more
with the use of a bougie as compared to the non-bougie technique. However, bougie-guided
intubation was easier with less requirement of additional manoeuvres. In addition, trauma was
also significantly less with the bougie technique.

Key words: Airway management, anaesthesia, intubation, laryngoscope, laryngoscopy, nose,
time

INTRODUCTION

laryngeal axis. The anatomical shape of the blade of
the Airtraq laryngoscope results in lesser airway injury

Direct laryngoscopy with the Macintosh laryngoscope
and intubation of the trachea using the Magill forceps
is the routinely employed method for nasotracheal
intubation. However, this requires the alignment of
the oropharyngeal and laryngeal axes for visualisation
of the glottis and intubation of the trachea. In addition,
the Magill forceps can damage the cuff of the tube.™

Developments in the technology of video and optics
have led to the introduction of new devices of
intubation like Airtraq which is a battery-powered
optical device that helps to achieve a better view of
the glottis without aligning the oropharyngeal and

as compared to the Macintosh blade.*!

Unlike oral intubation, during nasotracheal intubation,
the intubation time depends less on the time required
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to expose the glottis and more on the time needed to
advance the endotracheal tube from the nasopharynx
towards the glottis.) When nasotracheal intubation
is performed with the Airtraq, it may be difficult to
direct the tip of the endotracheal tube into the glottis.
Thus, different optimising manoeuvres, like cricoid
pressure, changing the head and neck position,
guidance by an Eschmann stylet (bougie) and Magill
forceps have been used for directing the tip of the
endotracheal tube (ETT) into the trachea. However,
all of these manoeuvres are likely to increase the
intubation time.5®

A bougie is easily available in all operating rooms
and guiding a bougie into the glottis first can protect
the cuff of the ETT. There is no study in the literature
that compares nasotracheal intubation with bougie
assistance and without bougie assistance using
the Airtraq laryngoscope. We hypothesised that
intubation with bougie assistance may or may not
affect intubation time. The primary objective was a
comparison of the time taken to achieve successful
nasotracheal intubation with and without the use
of a bougie. The secondary objectives were ease of
intubation and additional manoeuvres required for
intubation.

METHODS

This prospective, randomised, single-blind study
was conducted following the approval from the
institutional ethics committee (No IEC/Th/19/Anst33)
in accordance with the principles of the Declaration
of Helsinki. The study was registered in the Clinical
Trial Registry of India before the enrolment of cases
(CTRI/2020/08/027412). The study was conducted in a
tertiary-care hospital from September 2020 to August
2021. Fifty patients of either gender, aged between 18
and 60 years, who belonged to the American Society
of Anesthesiologists (ASA) physical status (PS) I or II,
posted for elective surgery under general anaesthesia
and requiring nasotracheal intubation, were included.
Patients with anticipated difficult airway (inter-incisor
gap <3 cm, Mallampati grade III and IV, body mass
index (BMI) (>35 kg/m?, pregnancy, full stomach,
nasal deformity and refusal to consent to participate
in the study were excluded.

Patients were assessed during the preoperative visit a
day before surgery. After taking a detailed history, a
general physical examination along with a systemic
examination was carried out. Routine investigations

758

like haemoglobin, bleeding time, clotting time and
urine examination were carried out in all patients.
Other investigations were carried out as per
requirements. All patients underwent preoperative
examination for nasal patency.

Informed written consent was taken from the patients
after explaining the purpose and protocol of the study.
Patients were instructed to be fasting for 6 hours for
light meals before the scheduled time of surgery.
Premedication was given with tablet alprazolam
0.25 mg and tablet pantoprazole on the night prior and
in the morning, 2 hours before surgery. Xylometazoline
nasal drops were instilled in both nostrils in the
premedication room 30 minutes before shifting to the
operation theatre. Upon arrival in the operating room,
nasal drops were instilled again. Standard monitors
were attached, and baseline values were noted.

Just before the induction of anaesthesia, a random
allocation of patients was done to one of the two
groups using a computer-generated sequence of
random numbers. In group I (number (n) = 25),
nasotracheal intubation was performed with a bougie,
and in group II (n = 25), nasotracheal intubation
was performed without a bougie. In both groups, an
Airtraq laryngoscope was used. All intubations were
performed by the same experienced anaesthesiologist
who had experience of doing more than 100 nasal
intubations.

The standardised anaesthesia protocol was used.
After securing the peripheral intravenous line with
an 18 gauge cannula, preoxygenation was performed
with 100% oxygen for 3 minutes. Intravenous
glycopyrrolate was given. Induction of anaesthesia
was performed using intravenous fentanyl 2 ug kg™
and propofol, titrated to loss of consciousness and loss
of response to verbal commands. After assessing the
adequacy of ventilation, atracurium 0.5 mg kg™* was
given for muscle relaxation. Patients were ventilated
for 3 minutes using 2% sevoflurane in 100% oxygen.
A water-soluble lubricating jelly was instilled into the
more patent nostril. For females, an endotracheal tube
of 7 mm internal diameter was used, and for males,
7.5 mm was used. A 1 mm smaller-sized tube was
used. If resistance was encountered, in group I, the
bougie was inserted into the nasopharynx through
the more patent nostril in the sniffing position. The
Airtraq laryngoscope was introduced, and after
visualisation of the glottis, the tip of the bougie was
directed towards the glottis using Magill forceps and
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advanced into the trachea. The nasotracheal tube was
railroaded over the bougie. In group II, the tracheal
tube was inserted through the more patent nostril into
the nasopharynx in the sniffing position. The Airtraq
laryngoscope was then inserted, and after visualisation
of the glottis, the tracheal tube was advanced through
the glottis into the trachea using Magill forceps. In
case of difficulty in guiding the tube, cricoid pressure,
changes in head and neck position and rotation of
the tube were performed in any order. The cuff of the
tracheal tube was inflated, and the breathing circuit
was connected to the tube in both groups. Confirmation
of tube placement was made by chest auscultation
and capnography. Anaesthesia was maintained with
2% sevoflurane and 67% nitrous oxide. After surgery,
a reversal of neuromuscular blockade was performed
using neostigmine (0.05 mg/kg) and glycopyrrolate
(0.01 mg/kg). After the extubation of the trachea,
patients were shifted to the post-anaesthesia care unit.

The parameters recorded were Cormack-Lehane grade,
time for intubation, ease of intubation, additional
manoeuvres required and complications if any. The
time for intubation was measured using a stopwatch
and was defined as the time from insertion of the
bougie/endotracheal tube up to the display of the
square wave capnograph on the monitor. The ability
to intubate the trachea without additional manoeuvres
was considered easy. The presence of blood on the
Airtraq laryngoscope blade and oral cavity was defined
as intubation trauma. At the end of the surgery, all
patients were reviewed for hoarseness of voice.!”

The primary objective was to compare the time for
intubation in the two groups. With reference to a
previous study,® the mean time for intubation with
Airtraq without a bougie was 45.8 s with a standard
deviation of 20.3 s. Assuming a difference of 20 s
in the time for intubation, between the groups to be
clinically significant, based on oo = 0.05 and = 0.1 for
a study design incorporating two groups of equal size,
a sample size of 22 patients per group was required
with an effect size of 1.0. Twenty-five patients per
group were taken to count for any dropouts.

At the end of the study, all data were compiled and
analysed using Statistical Package for the Social
Sciences (SPSS) version 17.0 (International Business
Machines Corporation, Armonk, New York, United
States). Quantitative variables were presented as
mean =+ standard deviation and an unpaired t-test was
used for comparison between the groups. Qualitative

Indian Journal of Anaesthesia | Volume 66 | Issue 11 | November 2022

variables were presented in the form of frequencies/
percentages, and a Chi-square test was used for
comparison. A P value of =0.05 was considered
statistically significant.

RESULTS

Fifty patients were recruited, and all patients completed
the study [Figure 1]. Both groups were comparable
with respect to the demographic profile and Cormack—
Lehane grade [Table 1]. The time for intubation in
group I was 59.24 = 9.98 s and that in group II was
41.00 = 4.23 s (P = 0.001) [Table 2]. In group I, two
patients (8%) required additional manoeuvres for
insertion. In group II, 10 patients (40%) required the
use of manoeuvres (P = 0.008) [Table 3]. In group I,
23 patients (92%) had easy intubation, and in group II,
15 patients (60%) had easy intubation (P = 0.030).
In group I, no patient had trauma, whereas, in

Table 1: Demographic profile

Variable Group | (n=25)  Group Il (n=25) P
Mean+SD Mean+SD
Age (years) 32.84+11.80 39.24+10.64 0.060
BMI (kg/m?) 21.89+2.22 22.54+2.82 0.870
Gender
Males/Females 17/8 11/14 0.080
68%/32% 44%/56%
ASA grade
I/ 8/17 11/14 0.380
32%/68% 44%]/56%

n=number, SD=standard deviation, BMI=body mass index, ASA=American
Society of Anesthesiologists. Gender and ASA grade are expressed as
number and frequency

Table 2: Time taken for intubation

Parameter Group | (n=25) Group Il (n=25) P
Mean+SD Mean+SD
Time for intubation (s) 59.24+9.98 41.00+4.23 0.001

Unpaired t-test was applied, n=number, SD=standard deviation

Table 3: Manoeuvres and complications (trauma and

hoarseness)
Group | Group Il P

Manoeuvres

Y N Y N

2 23 10 15 0.008

(8%) (92%) (40%) (60%)
Trauma

Y N Y N 0.030

0 25 4 21

(0.0%) (100.0%) (16.0%) (84.0%)
Hoarseness

Y N Y N 0.070

0 25 3 22

(0.0%) (100.0%) (12.0%) (88.0%)
Y=yes, N=no
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group II, four patients (16%) had trauma during
intubation (P = 0.030). In group I, no hoarseness was
observed, whereas, in group II, three patients (12%)
had hoarseness [Table 3].

DISCUSSION

Currently, videolaryngoscopes have evolved into
different types, and the current trend is more towards
the use of videolaryngoscopes over direct laryngoscopy
as they provide a superior glottic view. The nasal
Airtraq [Figure 2] has been found to be useful in
improving the view of the glottis and hence the ease
of tracheal intubation.®® However, directing the tube
tip into the visualised glottis can be challenging when
nasotracheal intubation is performed. Magill forceps
are commonly used to guide the tube; however, they
can cause airway trauma and, in some cases, cuff
perforation."" This problem gets resolved if the
bougie is placed first. The present study was conducted
for the evaluation of nasotracheal intubation using
an Airtraq laryngoscope with and without a bougie:
group I was with a bougie and group II was without a
bougie.

In the present study, the time for intubation in group I
was 59.24 = 9.98 s, whereas, in group II, it was
41.00 = 4.23 s [Table 2]. The difference between the
two groups was found to be highly significant. The
results of the present study are in concordance with
a study in which the authors compared conventional
nasotracheal intubation and the bougie technique of
nasotracheal intubation using a glideoscope.l'” They
observed that the time to intubate with the conventional
technique was 70 s as compared to 81 s when the bougie
technique was used. Another study also found more
time of intubation in the bougie group compared to the

Assessed for eligibility (n = 50)

Allocation Randomised (n = 50)

Group | (n = 25) Group Il (n = 25)

Intubation with bougie

Intubation without bougie
|
Analysed (n = 25) Analysed (n = 25)

Figure 1: Consolidated Standards of Reporting Trials (CONSORT)
flowchart
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non-bougie group (30.45 s versus 18.25 s, P < 0.01).1*%
However, the difference from the present study is that
these authors used a Macintosh laryngoscope. In the
present study, the increased time of intubation in
group I is most likely due to the additional time taken
in railroading the endotracheal tube over the bougie
and then removing the bougie. The additional time
taken in railroading the tracheal tube was because the
tracheal tube got caught on glottic structures, and it
was rotated anticlockwise to make it free. To prevent
the tissues from getting in between the bougie and
bevel of the ETT, it is very essential to obtain a snug fit
between the bougie and the ETT.I'"

The authors in another study used the nasopharyngeal
airway as a conduit for bougie. According to these
authors, when a paediatric bougie is introduced via
the nasopharyngeal airway, the tracheal advancement
of the bougie needs only little manipulation.!" We did
not use the nasopharyngeal airway as a conduit because
we used Magill forceps for directing the bougie into
the glottic opening and the use of a nasopharyngeal
airway could have resulted in difficulty. The benefits
of a paediatric bougie include the relative firmness
and Coude tip which help in easy manipulation
and, in addition, limit pressure on the contacted
tissues. A Coude tip is beneficial as it also allows easy
intrapharyngeal guidance and rotation of the bougie if
the glottis is not immediately approximated.™?

In the present study, two patients (8%) in the bougie
group required the use of additional manoeuvres,
whereas, in the non-bougie group, 10 patients (40%)
required the manoeuvre of intubation [Table 3]. This
is most likely because it is easier to manipulate the
bougie with Magill forceps than the tube due to the

Integrated LED

light & built in
antl-fog system

No
guiding
channel

Figure 2: Nasal Airtraq laryngoscope
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more pliable nature of the bougie.”! Similar to the
present study, the authors of a study observed that
Magill forceps was required in 9% of patients in the
bougie group versus 28% in the conventional group.!'?
A study compared nasotracheal intubation using the
Airtraq versus Macintosh laryngoscope. These authors
observed less need for Magill forceps with the Airtraq
than with the Macintosh laryngoscope (P < 0.01). An
anatomically shaped blade involves minimal movement
of the larynx from the original position and allows easy
entry of the tube tip through the glottis.®! Another study
compared the Macintosh and Airtraq laryngoscope for
nasotracheal intubation. To optimise intubations, the
authors of this study used four different optimising
manoeuvres, namely, cricoid pressure, guiding by an
Eschmann stylet, change in head positioning and the
use of Magill forceps, either alone or in combination.
These authors observed that the number of manoeuvres
was reduced with a nasal Airtrag.®

In the present study, 23 patients (92%) in the bougie
group had easy intubation, whereas, in the non-bougie
group, 15 patients (60%) had easy intubation. Similar
to the present study, the authors of a study observed
that the ease of intubation was better in the bougie
group.*¥

In the present study, no patient had trauma in the
bougie group, whereas four patients (96%) in the
non-bougie group had trauma [Table 3]. These results
are in agreement with a couple of other studies.*'*
The authors of another study observed that using
a bougie resulted in a lesser incidence of bleeding
in comparison to the conventional method (55%
versus 68%, P = 0.033). Furthermore, these authors
also assessed the severity of nasopharyngeal trauma
and concluded that bougie-guided nasal intubation
lessens the incidence and severity of nasopharyngeal
trauma significantly.' Similarly, bougie-guided
intubation resulted in less bleeding as compared to the
conventional group in another study [9 patients (45%)
versus 17 patients (85%) P = 0.020.] The researchers
of this study concluded that it is of significant
importance to pass a bougie atraumatically and then
thread an ETT over it."*! Thermosoftening of an
endotracheal tube reduces the risk of epistaxis during
nasotracheal intubation."” In the present study, none
of the patients in the bougie group had hoarseness
and three patients (12%) in the non-bougie group had
hoarseness [Table 3]. However, the difference was
found to be statistically insignificant (P = 0.070).
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The present study has a few limitations. Only patients
with normal airways were included. Only patients with
ASA PS T and II were chosen, and a haemodynamic
comparison was not made between the two groups.

CONCLUSION

The time taken for bougie-guided intubation through
the Airtraq laryngoscope was more compared to
intubation without the bougie. With less number of
manoeuvres, the ease of intubation through Airtraq
was better in the bougie-guided technique as compared
to non-bougie-guided intubation. In addition, trauma
was also significantly less with the bougie technique.
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ABSTRACT

Background and Aims: The speed of inhalational induction depends on a variety of factors, of
which priming the breathing circuit with volatile anaesthetics plays a vital role. This study compared
ventilator-assisted priming (VAP) and a passive priming technique using different fresh gas flows
(FGFs) in neonatal, paediatric, and adult anaesthetic circuits. Methods: In both techniques, FGF
with 100% oxygen and 8% sevoflurane vaporiser concentration were set at 2 Lmin*, 4 Lmin*, and
8 Lmin, representing three groups FGF-2, FGF-4, and FGF-8, respectively. The time taken to
achieve 6% sevoflurane concentration at the patient end of the circuit was measured. In addition to
this, we explored various combinations of tidal volumes and respiratory rates in the VAP technique
and recorded the priming time with each combination. The amount of sevoflurane consumed for
priming in both techniques was also calculated. Results: VAP was three times faster than passive
priming in all the FGF groups in the three circuits. In the VAP technique, the shortest priming times
were similar for FGF-4 and FGF-8 (P > 0.05) but were significantly higher for FGF-2 (P = 0.001)
in the three circuits. Sevoflurane consumption did not differ in FGF-2 and FGF-4 groups, whereas
it doubled in the FGF-8 group using the VAP technique in all three circuits. Conclusion: The
VAP technique provides a quick and effective method for priming to achieve a high anaesthetic
concentration within the breathing circuit for inhalational induction.

Key words: Anaesthesia, inhalation, sevoflurane, ventilator

INTRODUCTION

required to achieve this concentration depends on the
fresh gas flow (FGF) rate, the concentration settings

Inhalational induction is a feasible alternative to
intravenous induction when rapid induction is
desired, particularly in the practice of paediatric
anaesthesia.'"®! The goal of inhalational induction
is to achieve an adequate depth of anaesthesia,
minimise induction time, and ensure maintenance of
spontaneous breathing while minimising operating
room (OR) pollution due to inhalational anaesthetic
agents. The speed of inhalational induction depends
on a variety of factors, of which priming the breathing
circuit with volatile anaesthetics plays a vital role.
Sevoflurane has become the anaesthetic agent of
choice for inhalational induction! due to its minimal
impact on the airway and haemodynamic stability.!!

An inhaled sevoflurane concentration of 6% at
the patient end of the breathing circuit has been
recommended for vital capacity induction.”® The time

of sevoflurane on the vaporiser, circuit volume, and
the priming technique used.”! Studies investigating
combinations of these factors have reported priming
times ranging between 30 seconds and 5 minutes.%%7!
However, all the priming techniques described so
far in the literature have used a passive method of
priming, that is, allowing the breathing circuit to fill
spontaneously with FGF containing either oxygen
alone or an oxygen and nitrous oxide combination
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along with volatile anaesthetics. There are no studies
to date that have explored the utility of mechanical
ventilation to actively prime the circuit.

We hypothesised that actively pressurising the circle
system with the ventilator set in volume-controlled
mode provides the fastest method of priming the
circuit with the desired anaesthetic concentration.
The primary objective of this study was to compare
the ventilator-assisted priming (VAP) technique
with the passive priming technique for anaesthesia
circuits. The secondary objective was to determine the
optimum FGF rate along with the tidal volume and
respiratory rate combinations that would result in the
fastest and most cost-effective method of priming by
achieving high anaesthetic concentration within the
breathing circuit.

METHODS

All the experiments were conducted on a single
Dréager Fabius GS (Dragerwerk AG & Co. KGaA,
Liibeck, Germany) anaesthesia machine with a
classical rebreathing system (circle system) at Pak
Italian Modern Burn Centre. All methods were
carried out as per relevant guidelines and regulations.
The Fabius GS workstation consists of an electrical
piston-driven ventilator, an electronic mixed gas
control unit, and out-of-circle vaporisers to deliver
the volatile anaesthetic. A fresh carbon dioxide (CO,)
absorber, sevoflurane Tec 7 vaporiser, gas sampling
line (Intellivue G5-M1019A) connected at the patient
end, and a 2-litre reservoir bag were used for each of
the experiments. The experiments were conducted
in three circuits of different lengths and volumes:
neonatal (180 cm, 500 ml), paediatric (152 cm,
600 ml), and adult (304 cm, 1600 ml) circuits, all
in fully expanded positions. The same breathing
circuit was used for passive priming and then for
multiple VAP tests due to the limited resources. The
anaesthesia machine check-out was performed as per
the American Society of Anesthesiologists guidelines
before beginning the experiment and was repeated
after each circuit was changed.

Within each circuit, the baseline readings were taken
using the passive priming technique and then the
circuits were primed using the VAP technique.

For the passive priming technique, the ventilator was
set in manual/spontaneous ventilation mode with the
adjustable pressure-limiting (APL) valve fully opened.
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The reservoir bag was emptied and the patient end of
the circuit was occluded against the knob provided in
the anaesthesia machine. The FGF containing 100%
oxygen (O,) and 8% sevoflurane vaporiser concentration
was set at 2 Lmin in the FGF-2 group, 4 Lmin™ in the
FGF-4 group, and 8 Lmin™ in the FGF-8 group. The time
taken to reach 6% sevoflurane concentration at the
patient end of the circuit was noted using a stopwatch.

For VAP technique, the ventilator was set in
volume-controlled mode with a pressure limit of 40 cm
of H,0, zero positive end-expiratory pressure (PEEP),
an inspiratory-to-expiratory ratio (I:E) of 1:2, and an
inspiratory pause—-to—inspiration time ratio [Tip:Ti)
of 10%. The FGF containing 100% oxygen and 8%
sevoflurane vaporiser concentration was kept at
2 Lmin™ in the FGF-2 group, 4 Lmin™ in the FGF-4
group, and 8 Lmin™ in the FGF-8 group, and the patient
end of the circuit (Y-piece) was occluded against
the knob provided on the machine [Figure 1]. Serial
readings were then recorded at different combinations
of tidal volume (TV) and respiratory rate (RR) in
each group. TV was set initially at 100 mL and the
experiment was repeated in 100 mL increments until
500 mL was reached. The RR was initially set at 10
with increments of 2 breaths at a time up to a rate of 20
breaths per minute. A stopwatch was used to record
the time taken for each combination of TV and RR to
achieve a 6% sevoflurane concentration at the patient
end of the circuit.

Three sets of readings were taken with each experiment
and the average of the nearest two readings was
considered. This gave us nine tests per circuit using
the passive priming method (3FGF X 3 times) and a
total of 270 tests per circuit using the active priming
method [3FGF (5TV X 6RR) X 3 times].

Figure 1: Time in seconds to achieve 6% sevoflurane concentration
at fresh gas flow rates of 2, 4, and 8 Lmin‘* using spontaneous manual
ventilation (passive technique) in different circuits
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To ensure that no residual anaesthetic gas was present
in the circuit, the reservoir bag was emptied several
times between trials and the circuit was flushed with
12 Lmin™ of oxygen until the monitor showed no trace
of sevoflurane.

The results obtained were plotted on a graph, and
the shortest time required to attain the desired
sevoflurane concentration (6%) at each FGF rate
using both techniques was noted. The amount of
liquid sevoflurane consumed for priming the circuit
was then calculated using the equation PFTM/2412d,
where P is the vaporiser dial concentration (%), F is
the total FGF rate (Lmin*), T is the time for which the
concentration P was set in minutes, M is the molecular
mass of sevoflurane (constant at 200.055 mg), and d is
the density at 21°C (constant at 1.52 g/ml).1¥

The data in each group in the VAP technique was
tested for normality of distribution by looking at
Kurtosis and Skewness of data, which revealed a
skewed distribution. A non-parametric version of
Levene’s test was applied to check for homogeneity
of variance. Welch test was used following a violation
of homogeneity and showed a significant difference
among the three FGF groups. Differences between
groups were further analysed using Games—Howell’s
post hoc test. All statistical tests were performed
using the Statistical Package for the Social Sciences
version 20 (SPSS, International Business Machines
Corporation, New York, United States of America).
A two-tailed variability value of 0.05 was considered
significant.

RESULTS

A total of 837 tests were performed in the three
anaesthesia circuits (9 + 270 in each circuit). Priming
of the breathing circuit with 6% sevoflurane was
successfully achieved in all the tests at different time
intervals [Table 1].

The least time required to prime the circuit to 6%
sevoflurane concentration using the passive priming
technique was >150 s in the neonatal and paediatric
circuits, and it was more than 250 s in the adult circuit
at all the FGF rates [Figure 1].

The priming times using the VAP technique were
significantly shorter compared to the passive technique
in all the FGF groups in all the circuits. In the VAP
technique, the shortest times noted for FGF-2, -4,
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and -8 were 54 s, 29 s, and 28 s for the neonatal circuit,
58 s, 29 s, and 28 s for the paediatric circuit, and 64 s,
39 s, and 38 s for the adult circuit, respectively. The
TV and RR settings that resulted in the fastest priming
were the same in the FGF-4 and FGF-8 groups: 100 mL
and 20 in the neonatal circuit, 200 mL and 20 in the
paediatric circuit, and 500 mL and 20 in the adult
circuit, respectively. In the FGF-2 group, TV of 100 mL
and RR of 20 attained the least priming time in all the
three circuits [Table 1].

The priming times at various TV and RR combinations
were significantly higher in FGF-2 when compared to
both FGF-4 (P = 0.001) and FGF-8 (P = 0.001) groups.
However, there was no significant difference between
the FGF-4 and FGF-8 groups in all three circuits.

In both FGF-4 and FGF-8 groups, a linear relationship
between RR and priming time was observed at TVs up
to 300 mL in all three circuits, after which there was
a random distribution of values without any definite
trend. In FGF-2, a linear trend was noted only at
a TV of 100 mL after which the values were widely
distributed, taking an unusually long time without any
definite correlation in all three circuits [Figures 2—4].

The actual delivered TVs remained nearly the same in
all groups within each circuit irrespective of the TV set
on the ventilator because of the pressure limit of 40 cm
of H,O in the circuit. Therefore, the actual delivered
TVs were dependent mainly on the circuit compliance
and circuit volume: 25-35 mL in the neonatal circuit,
35-45 mL in the paediatric circuit, and 55-75 mL in
the adult circuit [Figure 5].

The sevoflurane consumption was significantly lower
using the VAP technique since this technique was
three times faster than the passive technique. In the
VAP technique, there was no significant difference in
the amount of sevoflurane consumed between FGF-2
and FGF-4 groups in all the three circuits, whereas
sevoflurane consumption doubled upon increasing
the flows to 8 Lmin™ in the FGF-8 group [Table 1].

DISCUSSION

The optimal technique incorporating the shortest times
and the most cost-effectiveness for priming the circuit
was achieved using the VAP technique at 4 Lmin™
FGF in all three circuits: 29 s in both the neonatal and
the paediatric circuits and 39 s in the adult circuit.
Doubling the FGF rate to 8 Lmin™ did not significantly
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Table 1: The minimum priming times recorded in seconds along with the tidal volume and respiratory rate combinations

and the amount of sevoflurane consumed in mL at different fresh gas flow groups in neonatal, paediatric, and adult

circuits
Circuit Key Findings FGF -2 FGF-4 FGF-8
Passive VAP Passive VAP Passive VAP
Neonatal Min. time (s) 166 54 172 29* 193 28**
TVXRR - 100%20 - 100x20 - 100%20
Sevoflurane Consumed (mL) 2.41 0.78 5.00 0.84 11.2 1.62
Paediatric Min. time (s) 270 58 157 29* 166 28**
TVXRR - 100%20 - 200%20 - 200%20
Sevoflurane Consumed (mL) 3.92 0.84 4.50 0.84 4.83 1.62
Adult Min. time (s) 285 64 358 39* 420 38**
TVxRR - 100%x20 - 500%20 - 500%20
Sevoflurane Consumed (mL) 16.00 0.93 20.83 1.13 24.44 2.21

*VAP with FGF-4 was significant shorter priming than FGF-2 (P=0.001). **VAP with FGF-8 was significant shorter priming than FGF-2 (P=0.001) but not FGF-4.
TV: Tidal volume; RR: Respiratory rate; FGF: Fresh gas flow; VAP: Ventilator-assisted priming; Min.: Minimum priming

Figure 2: Time trends in seconds to achieve 6% sevoflurane concentration at various tidal volume and respiratory rate combinations in all three
fresh gas flow groups in the neonatal circuit; TV: Tidal volume

Figure 3: Time trends in seconds to achieve 6% sevoflurane concentration at various tidal volume and respiratory rate combinations in all three
fresh gas flow groups in the paediatric circuit; TV: Tidal volume
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Figure 4: Time trends in seconds to achieve 6% sevoflurane concentration at various tidal volume and respiratory rate combinations in all three

fresh gas flow groups in the adult circuit; TV: Tidal volume

Figure 5: Actual delivered tidal volume (Y axis) at different set tidal
volumes and respiratory rates (X axis) in all three circuits; TV: Tidal
volume

shorten the priming time, but it did double the
associated agent consumption. Halving the FGF rate
to 2 Lmin significantly increased the priming time
from that at 4 Lmin™ while the consumption remained
steady [Table 1].

The results of our study using the VAP technique
were similar to the 30 s priming technique described
by Thienthong et al.”! using 8 Lmin* FGF and an 8%
sevoflurane dial setting. However, they set the end point
of priming at 4.5%, and they described the occlusion
of the Y piece manually with the intermittent release
of gas into the operating room to maintain a constant
pressure of 10 cm of H,O within the circuit.

Philip et al.® conducted a study wherein priming of
the adult circuit was done using manual spontaneous
ventilation with 8 Lmin® FGF (75% O,/nitrous
oxide (N,0)) and 8% sevoflurane from the vaporiser.
They measured >6% sevoflurane concentration
in the circuit in approximately 45 s after filling

Indian Journal of Anaesthesia | Volume 66 | Issue 11 | November 2022

and emptying the reservoir bag thrice against the
occluded circuit.®!

The priming techniques described in previous studies
allowed the anaesthetic gas to fill the breathing
circuit passively to achieve priming. Our technique
is unique in that it actively delivers the tidal volume
using the ventilator, pressurising the breathing circuit
and thus reducing the time it takes to reach the target
sevoflurane concentration. Moreover, all the previous
studies in the literature have used more than 6 Lmin™
FGF with or without N,O to achieve priming, whereas
we achieved the desired sevoflurane concentration
with just 4 Lmin? FGF and oxygen alone, making this
technique very cost-efficient.

Another feature revealed in our study was that the
time required to prime the circuit was relatively faster
at lower TVs (100 mL and 200 mL) than at higher TVs
in all the FGF groups in all three circuits except for
500 mL TV and RR of 18 or 20. This could be partly
due to the interaction of a variety of factors including
the circuit and machine dead space, the difference
between actual delivered TV and the set TV [Figure 5],
I: E ratio, and inspiratory pause. Despite the complex
interaction among these physical properties, which
are beyond the scope of this article’s discussion, we
did observe that in all the three groups, the priming
times were consistently the least with 100 mL, 200 ml,
and 500 mL TVs and RR of 20 breaths/min in neonatal,
paediatric, and adult circuits, respectively.

Previous studies have demonstrated that low-flow
anaesthesia significantly decreases the consumption
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of volatile agents and costs.[*!" In our study, we only
calculated the equivalent volume of the anaesthetic
agent used instead of the cost, as the price per unit of
the anaesthetic agent could vary with time and place.
We observed only a marginal difference in sevoflurane
consumption between the FGF-2 and FGF-4 groups:
0.78 mL versus 0.84 mL: for the neonatal circuit;
0.84 mL versus 0.84 mL: for the paediatric circuit;
and 0.93 mL versus 1.13 mL for the adult circuit using
VAP technique. This was due to a large reduction in
the time taken to prime the circuit upon changing the
FGF rate from 2 Lmin™ to 4 Lmin™ 54 s versus 29 s in
the neonatal circuit, 58 s versus 29 s in the paediatric
circuit, and 67 s versus 39 s in the adult circuit.

The sevoflurane consumption approximately doubled
between the FGF-4 and FGF-8 groups in all the circuits:
0.84 mL to 1.62 mL in both the neonatal and the
paediatric circuit and 1.13 mL to 2.21 mL in the adult
circuit. However, only a negligible decrease in time
taken to prime the circuit was observed between FGF-4
and FGF-8 groups: 29 s versus 28 s for the neonatal
circuit, 29 s versus 28 s for the paediatric circuit, and
39 s versus 38 s for the adult circuit [Table 1].

There were several limitations to our study. Firstly,
this was an exploratory study of the technique and
further clinical evidence is needed to establish its
role in everyday practice. Secondly, we chose to
study one of the most common default settings of
the mechanical ventilator (i.e. maximum pressure 40
cmH,O; PEEP = 0; I: E of 1:2). Thus, the results might
be different and might require further calibration when
using different ventilator settings. Thirdly, we used
only five TVs and six RRs while other TVs and RR
combinations were not explored for practical reasons.
Another limitation was that the same breathing circuit
was used for passive priming and then for multiple
VAP tests, and we used a 2 L bag for all the circuits.
Ideally, 1 L. and 500 mL bags should have been used
for paediatric and neonatal circuits, respectively.
Last but not least, we performed all the experiments
on a single anaesthesia machine and did not test the
repeatability of our findings in machines of different
models. Although we do not anticipate that our study
observations will vary significantly in other machines
of the same model, it is important to point out that
individual calibration of differing models should be
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performed. Diverse interactions between the ventilator
and scavenging system present in alternative models
may lead to altered gas mixtures during the priming
period.

CONCLUSION

Mechanical ventilation with the ventilator set in
volume-controlled mode and 4 Lmin' FGF rate
provides a rapid, consistent, and effective method
of priming the breathing circuit with the desired
sevoflurane concentration. This VAP technique not
only allows anaesthetists to attend to other important
clinical tasks but also avoids any hazard of leaking
anaesthetic gas into the OR environment during the
priming process.
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ABSTRACT

Background and Aims: Anaesthetic agents can affect the neuroendocrine response to surgical
stress. Along with affecting other parameters, this can affect blood glucose levels. This study
aimed to compare the effect of sevoflurane and desflurane on hourly intraoperative blood
glucose levels in non-diabetic patients undergoing intracranial surgery. Methods: A total of 70
adults (18-65 years) of American Society of Anesthesiologists physical status | and 1l undergoing
elective intracranial surgery for supratentorial and infratentorial lesions were enroled. Patients
were randomised to receive either sevoflurane or desflurane as the maintenance anaesthetic
agent. The blood glucose level was measured hourly after induction until the completion of
surgery. Parametric tests, non-parametric tests, Friedman test, generalised estimating equations,
Chi-square test, and Fisher’s exact test were used to analyse the data. Results: In the sevoflurane
group, the mean (standard deviation) blood glucose (mg/dL) increased from 93.34 (9.33) at the
baseline to a maximum of 102.00 (8.61) at the 9 hours timepoint. This change was statistically
significant (P < 0.001). In the desflurane group, the mean blood sugar (mg/dL) increased from
89.34 (9.85) at the baseline to a maximum of 92.37 (9.92) at the 4 hours timepoint and then
decreased to 88.50 (0.71) at 9 hours timepoint. Conclusion: Desflurane caused an initial rise
followed by a decline, whereas a gradual increase in intraoperative blood glucose level was
seen with sevoflurane use in non-diabetic adult patients undergoing elective neurosurgery. The
intraoperative change in blood sugar was statistically significant but was within the normal clinical
range.
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INTRODUCTION

Surgical stress, intravenous fluids, and different
anaesthetic agents affecting systemic and cerebral

Surgical stress can cause hyperglycaemia due to
neuroendocrine response, insulin resistance as well as
increased secretion of counter-regulatory hormones.
While hyperglycaemia is a known risk factor for
neuronal damage, iatrogenic hypoglycaemia is equally
detrimental to neural tissue. To decrease neuronal
morbidity, perioperative sugars should be maintained
in the normal range.!"! Perioperative hyperglycaemia
is associated with an increase in postoperative
complications like surgical site and bloodstream
infections, acute renal failure, prolonged ventilatory
support, increased hospital costs, as well as higher
mortality.

metabolism of glucose are the chief determinants
of perioperative blood glucose levels. The
metabolic alteration of surgical stress can be
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achieved with sufficient analgesia and depth of
anaesthesia.”” Anaesthetic agents are known to affect
the neuroendocrine surgical response and alter insulin
release even without surgical stress, leading to changes
in blood glucose levels.[*% There is equivocal literature
demonstrating the effect of various inhalational
anaesthetic agents on perioperative glucose levels in
neurosurgical patients.*®! The effect of desflurane
on glucose metabolism has not been seen in vitro;
however, in vivo studies show increased intraoperative
blood glucose levels with its use.®

Sevoflurane and desflurane are two popular
inhalational agents widely used in neuroanaesthesia
due to their favourable effects on cerebral metabolism,
preservation of carbon dioxide reactivity and rapid
emergence. The two inhalational agents might have
different effects on obtunding the stress response to
surgery which can manifestas variationinblood glucose
levels. This double-blind randomised controlled
study aimed to compare the effect of sevoflurane and
desflurane on blood glucose levels and determine the
hourly trends of intraoperative blood glucose in adult,
non-diabetic patients undergoing intracranial surgery.
The objective of this study was to estimate the hourly
blood sugar levels with the intraoperative use of
sevoflurane and desflurane. The outcome parameter
was the hourly change in intraoperative blood glucose
levels with the use of sevoflurane or desflurane as a
maintenance inhalational agent.

METHODS

This prospective randomised controlled study
was conducted at the neurosciences centre of our
institute from December 2017 to November 2018
after obtaining approval from the institutional ethics
committee (AIIMS/IEC/393/04.08.2017, RP-11/2017).
The trial was registered with the Clinical Trials
Registry of India (CTRI/2017/12/010790). Written
informed consent was taken from the patient and
nearest kin after a thorough explanation of the purpose
and procedure and the study was done under the
principles of the declaration of Helsinki.

All consenting patients of either gender, aged between
18-65 years, belonging to the American Society of
Anesthesiologists physical status I or II scheduled
for supratentorial or infratentorial neurosurgery with
either sevoflurane or desflurane as the maintenance
agent were enroled. Patients suffering from diabetes,
disorders of glucose metabolism, thyroid dysfunction,

770

renal or hepatic disease, on steroids, beta-adrenergic
blocking agents, insulin or oral hypoglycaemic
agents, pregnant or lactating patients and chronic
alcoholic patients were excluded from the study.
The enroled patients were randomised to either
sevoflurane or desflurane group, based on a sequence
of computer-generated random numbers.

The sealed opaque envelope method was used for
allocation concealment. The treating anaesthesiologist
opened the envelope and gave anaesthesia to the
patient. The patient and the statistician who analysed
the data were blind to the study groups.

According to our institutional preoperative fasting
protocol, patients completed 8 hours of fasting for solid
foods before the conduct of anaesthesia.l”” Non-invasive
blood pressure, pulse oximetry, electrocardiography,
and temperature probe were attached to the patient
after transfer to the operating room. After securing the
intravenous cannula, the radial artery was cannulated
under local anaesthesia. Baseline (T0) blood glucose
was determined from arterial blood. Patients were
pre-oxygenated with 100% oxygen at 6 litres/minute
and anaesthesia induction was achieved with
intravenous fentanyl (2 ug/kg), propofol (dose titrated
for the loss of verbal response) and rocuronium
1 mg/kg. The airway was secured with a tracheal
tube of appropriate size. According to randomisation,
anaesthesia was maintained using either sevoflurane or
desflurane in a mixture of 40% oxygen and 60% nitrous
oxide to achieve a minimum alveolar concentration
of 0.5 to 1. The anaesthetic depth was titrated to
achieve a bispectral index score (BIS) between 40
and 60 at all-time points. Intravenous fentanyl
(1 pug/kg/h) and rocuronium (0.3 mg/kg/h) were given
as a continuous infusion. End-tidal carbon dioxide
was maintained between 30 mmHg and 35 mmHg.
The nasopharyngeal temperature was measured
and the temperature was maintained between 36°C
and 37.2°C. Non-glucose-containing fluid [normal
saline (0.9%)] was used in the intraoperative period.
Vital parameters [mean arterial blood pressure and
heart rate] were continuously recorded and maintained
around the baseline value +20%.

The glucose level was measured hourly, after induction
until completion of the surgery, by collecting 1 ml blood
in a 2 ml syringe from the arterial line using point of
care, glucose oxidase peroxidase method (one-touch
select simple blood glucose meter, Life scan, Europe,
Switzerland).
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The number-coded syringes were labelled and
assessed in a double-blinded manner. Hypoglycaemia
was defined as an intraoperative blood sugar level of
less than 70 mg/dL and was planned to be treated with
intravenous glucose. Hyperglycaemia was defined
as a blood glucose level of more than 200 mg/dL and
was planned to be treated with an appropriate dose
of regular insulin infusion to maintain blood glucose
levels within the range of 140-180 mg/dL. At the end of
the procedure, neuromuscular blockade was reversed
and the trachea was extubated when the patient was
fully awake. Patients with poor recovery (patients
who were not fit for extubation after surgery in the
operating room) were shifted to the intensive care
unit (ICU) for elective mechanical ventilation and
close monitoring. Multimodal analgesia consisting of
non-steroidal anti-inflammatory drugs and opioids
was used to take care of postoperative pain. Hospital
stay and ICU stay (in days) were noted.

The sample size for the study was based on a minimum
clinically important difference of 5.00 and a standard
deviation of 5.00 for change in blood glucose. The
sample size required in each arm of the study was
calculated with an effect size of 1.00, o of 0.05, B of
0.05 and power of 0.95. Based on the formula, the
minimum calculated sample size for each arm was
27 (total = 54). Keeping an attrition of 20%, the final
sample size was 35 per arm.

Statistical analysis was performed using Statistical
Package for the Social Sciences version 22.0 (SPSS
Inc., Chicago, Illinois, United States of America).
Continuous variables were expressed as mean and
standard deviation. Categorical variables were
expressed in number and percentage. Parametric
tests (t-tests) were used to make group comparisons
for the duration of surgery. Non-parametric
tests (Wilcoxon/Mann-Whitney U Test) were used to
make group comparisons for age, weight, amount of
intraoperative fluid, hospital and ICU stay and blood
glucose (mg/dL) at each of the time points. Since data
were non-normally distributed, the Friedman test
was used to explore the change in blood glucose over
time within each group. The generalised estimating
equations method was used to explore the difference
in change in blood glucose (mg/dL) between the two
groups over time. The association between different
categorical variables and groups was tested by the
Chi-square test and Fisher’s exact test, whichever
was appropriate. A value of P < 0.05 was considered
statistically significant.
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RESULTS

A total of 70 patients were included in the
study [Figure 1]. The distribution of diagnosis,
demographic, baseline, and intraoperative variables
was comparable between the groups [Table 1]. The
blood loss, blood transfusion, and use of mannitol
were comparable between the two groups [Table 1].
All patients had a preoperative Glasgow coma scale
of 15. No patient had a midline shift in computed
tomography of the brain or signs of raised intracranial
pressure.

Baseline blood glucose values were comparable in
both groups [Table 2]. In the sevoflurane group, the
mean blood sugar (mg/dL) increased from 93.34 (9.33)
at the baseline to a maximum of 102.00 (8.61) at
the 9 hours timepoint. This change was statistically
significant (P < 0.001). In the desflurane group, the
mean blood glucose (mg/dL) increased from 89.34 (9.85)
at the baseline to a maximum of 92.37 (9.92) at the 4
hours timepoint and then decreased to 88.50 (0.71) at
the 9 hours timepoint. This change was not statistically
significant (P = 0.144) [Table 2]. There was a significant
difference in the trend of blood glucose (mg/dL) over
time between the two groups (P < 0.001).

Vitals including heart rate and mean arterial pressure
were comparable in both groups [Table 3]. There were
no episodes of hypoglycaemia or hyperglycaemia in
any of the groups. Duration of hospital and ICU stay
was similar in both groups.

DISCUSSION

Hyperglycaemia can cause inflammation and impaired
microcirculation leading to cerebral effects (ischaemia,
oedema, intracranial hypertension) and systemic
effects (osmotic diuresis, hypovolaemia, hypotension
and immunodepression). Neurosurgeries especially
around specific brain areas like the insular cortex
or direct hypothalamic damage/irritation of glucose
regulatory centres have been seen to be associated with
alteration in glucose metabolism.® Patients undergoing
neurosurgical procedures are prone to neuronal injury
associated with hyperglycaemia.l'! Besides neuronal
protection, there are many perioperative advantages of
blood glucose control.®!

Though the mechanism remains unclear, volatile
anaesthesia with isoflurane and sevoflurane has
been found to impair glucose tolerance and insulin
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Figure 1: Consolidated Standards of Reporting Trials (CONSORT) diagram

secretion in animal and human studies.**! Isoflurane
is known to cause a decrease in insulin secretion
due to KA™channel activation in pancreatic  cells
predisposing patients to hyperglycaemia.”! Many
animal studies and in vitro models demonstrate the
variable effects of volatile anaesthetics on glucose
metabolism. Stella P et al. demonstrated that both
isoflurane and sevoflurane caused insulin resistance
in a canine model.l"! In vitro pharmacokinetic studies
demonstrated that desflurane has no direct effect on
the metabolism of glucose but the in vivo intraoperative
blood glucose level may rise.®! Dikmen B et al.'!
found that sevoflurane and desflurane administration
in hyperglycaemic rats was associated with an
insignificant increase in blood glucose levels in the
early as well as late post-anaesthesia period.

Clinical studies have documented variable results.
Tanaka et al.®! compared the dose-dependent effects
of sevoflurane and isoflurane anaesthesia on glucose
tolerance and concluded that both sevoflurane and
isoflurane anaesthesia impair glucose tolerance to the
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same extent. Another study documented that volatile
anaesthetics do not prevent metabolic endocrine
responses to surgery.'® The use of desflurane/
remifentanil and desflurane/epidural anaesthesia
decreases the intraoperative rate of whole-body glucose
production, thereby attenuating the hyperglycaemic
response to colorectal surgery.*®! In another study,
desflurane was associated with better control of
intraoperative cortisol and adreno-corticotrophic
hormone response when compared to sevoflurane.
However, both gases did not influence the plasma
levels of interleukin-6, C-reactive protein, and
glucose."* Baldini G et al. reported an increasing trend
of blood glucose irrespective of the depth of desflurane
anaesthesia.l*”

Limited studies are looking at intraoperative blood
glucose levels with the use of sevoflurane and
desflurane anaesthesia in patients undergoing
elective neurosurgery. In a recently published study
by Haldar et al.,"® changes in blood glucose levels
were seen with the use of volatile (sevoflurane and
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Table 1: Demographic and other variables

Parameters Sevoflurane (n=35) Desflurane (n=35) P
Age (years) Mean+SD 36.91+13.2 40.14+14.23 0.359*
Gender [n (percentage)] 0.2312
Male 19 (54.3%) 14 (40.0%)
Female 16 (45.7%) 21 (60.0%)
Weight (kg) Mean+SD 60.46+12.69 60.71+11.25 0.715*
Duration of surgery (Hours) Mean+SD 7.42+2.21 7.38+1.30 0.9341
Comorbidities [n (percentage)] 0.1774
None 27 (77.1%) 27 (77.1%)
HTN 5 (14.3%) 8 (22.9%)
Hypothyroidism 3 (8.6%) 0 (0.0%)
Intraoperative fluid [n (percentage)] 0.2394
NS 32 (91.4%) 35 (100.0%)
NS + HES 3 (8.6%) 0 (0.0%)
Amount of Intraoperative Fluid (L) Mean+SD 3.87+1.55 3.81+0.76 0.595*
Duration of Anaesthesia (Hours) Mean+SD 8.17+2.41 8.13+1.31 0.929*
Hypoglycaemic/Hyperglycaemic Episode (Yes) 0 (0.0%) 0 (0.0%) 1.000?
Hospital Stay (Days) Mean+SD 9.51+2.97 9.06+3.42 0.661*
ICU Stay (Days) Mean+SD 6.20+2.03 6.57+3.16 0.762*
Haematocrit (%) Mean+SD 36.4043.52 36.03+3.75 0.6718
Blood Transfusion. 1.000*
Yes 3 (8.6%) 2 (5.7%)
No 32 (91.4%) 33 (94.3%)
Mannitol Use 0.229°
Yes 22 (62.8%) 25 (71.4%)
No 13 (37.1%) 10 (28.6%)
Blood Loss (mL) 0.304*
Mean+SD 360.00 (74.56) 337.14 (77.0)

Diagnosis [n (percentage)]

supratentorial glioma 21 (60%) 25 (71.4%)
Infratentorial cerebello-pontine angle lesion 11 (31.4%) 7 (20.0%)
Moya Moya disease 3 (8.6%) 3 (8.6%)

Significant at P<0.05, 1: Wilcoxon/Mann-Whitney U Test, 2: Chi-squared Test, 3: t-test, 4: Fisher’s exact test. SD — standard deviation, n — number,
HTN — hypertension, NS — normal saline, HES — hydroxyethyl starch, ICU — intensive care unit

Table 2: Comparison of the two groups for blood glucose (mg/dL)

Time points of Blood Glucose (mg/dL) Blood Glucose (mg/dL) P value (between the groups)

measurement. Sevoflurane Desflurane (Wilcoxon/Mann-Whitney
Mean (SD), n Mean (SD), n U Test)
Baseline 93.34 (9.33), 35 89.34 (9.85), 35 0.121
Post-induction 98.31 (9.83), 35 89.37 (10.00), 35 0.001
1 hour 98.60 (9.43), 35 90.34 (9.57), 35 0.001
2 hours 97.82 (8.78), 34 91.29 (9.64), 35 0.006
3 hours 97.24 (8.40), 34 92.11 (9.47), 35 0.035
4 hours 98.06 (9.26), 33 92.37 (9.92), 35 0.025
5 hours 98.19 (9.01), 31 92.00 (9.97), 32 0.024
6 hours 98.90 (8.95), 29 91.04 (10.62), 28 0.010
7 hours 99.36 (9.36), 22 91.06 (11.47), 18 0.033
8 hours 99.62 (8.23), 16 91.50 (10.56), 8 0.086
9 hours 102.00 (8.61), 15 88.50 (0.71), 2 0.062

P value for change in blood glucose (mg/dL)
over time within each group (Friedman test)
Overall P value for comparison of change in
blood glucose (mg/dL) over time between the
two groups (generalised estimating equations)

<0.001

0.144

SD - standard deviation, n — number

desflurane) as well as intravenous (propofol) agents
in patients undergoing supratentorial glioma surgery.

The authors found an increase in blood glucose
levels with the increasing duration of anaesthesia.
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Table 3: Comparison of the two groups for mean arterial pressure and heart rate over time

Time Mean arterial pressure (mmHg) Heart rate

Point Sevoflurane (n=35) Desflurane (n=35) P Sevoflurane (n=35) Desflurane (n=35) P
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Baseline 86.83 (8.24) 87.66 (7.57) 0.615 77.66 (10.56) 76.94 (10.50) 0.777
1 hour 90.86 (8.26) 90.51 (8.90) 0.920 84.74 (11.89) 80.63 (11.14) 0.140
2 hours 89.03 (9.01) 88.51 (9.94) 1.000 80.80 (10.35) 80.46 (10.92) 0.893
3 hours 85.43 (8.64) 86.06 (9.58) 0.819 77.91 (12.35) 76.34 (13.16) 0.608
4 hours 85.68 (8.46) 85.00 (9.60) 0.678 78.06 (12.11) 75.51 (11.45) 0.373
5 hours 85.12 (8.80) 84.66 (9.53) 0.738 79.64 (12.63) 75.19 (8.87) 0.105
6 hours 84.24 (8.43) 83.81 (8.79) 0.893 79.36 (11.86) 79.00 (9.49) 0.895
7 hours 84.65 (6.24) 84.41 (8.64) 0.583 78.50 (11.79) 78.12 (8.52) 0.906
8 hours 82.70 (5.11) 81.88 (8.18) 0.919 77.21 (8.32) 77.50 (9.68) 0.942
9 hours 81.88 (6.17) 85.33 (6.43) 0.488 76.00 (13.39) 78.75 (10.69) 0.677

SD - standard deviation, n — number

We found an increasing trend of blood glucose levels
in the sevoflurane group throughout the surgery.
However, in the desflurane group, the blood sugar
level increased till the fourth hour of surgery though
later on, there was a decreasing trend till the end
of surgery. These changes, when compared to the
baseline levels, were found statistically significant
in the sevoflurane group. In the sevoflurane group,
statistically significant changes in the blood glucose
level were seen in comparison to the desflurane group
at different time points. This difference in findings
from the study by Haldar et al.'®' may be because
of different inclusion criteria. We included both
supratentorial and infratentorial tumours, whereas
Haldar et al." included only supratentorial tumours.
The changes in blood glucose in any of the groups did
not reflect clinically and there were no episodes of
hypoglycaemia or hyperglycaemia in either group.

The implications of the findings of this study may not
be of significance for patients without co-morbidities;
however, the findings may be of importance in
those with diabetes and other disorders of glucose
metabolism. Further studies looking at the effect of these
agents in vulnerable patients may be clinically more
meaningful, especially in neurosurgical procedures
which are known to last for a prolonged duration.

Despite the limitations of being a single-centre,
intraoperative study on non-diabetic patients, our study
is an attempt at defining the pattern of intraoperative
glucose levels in neurosurgical patients undergoing
prolonged duration surgery under sevoflurane
and desflurane anaesthesia. Our study could not
demonstrate any clinically significant changes in the
blood sugar levels with the use of either agent and
could not demonstrate a definite relation between
changes in glucose levels and anaesthetic drugs.
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Nevertheless, we cannot deny the clinical relevance
of our findings in vulnerable patients. A future study
in diabetic, critically ill patients, along with stress
markers like catecholamines and hormones, may be
helpful to address this issue.

CONCLUSION

Our study demonstrates a pattern of change in blood
glucose with intraoperative use of sevoflurane and
desflurane in non-diabetic, ASA I and II patients
undergoing neurosurgery. The intraoperative change
in blood sugar was statistically significant but was
within the normal clinical range. Studies looking
at the magnitude of change in at-risk patients like
diabetics, those on steroids and the critically ill should
be undertaken to look into its clinical relevance.
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ABSTRACT

Background and Aims: Ultrasonographic assessment of diaphragmatic function can be a
useful bedside tool in the weaning and extubation of mechanically ventilated patients, especially
in patients with difficult weaning, in whom diaphragmatic weakness is suspected. Thus, this
study was planned to assess the role of bedside sonographic assessment of diaphragmatic
indices such as diaphragmatic thickening fraction (DTf) and diaphragmatic excursion (DE) in
predicting successful extubation or extubation failure in weaning eligible patients by comparing
the measurements with outcome. Methods: This prospective observational study was conducted
on 50 mechanically ventilated, weaning-ready patients during the spontaneous breathing
trial (SBT). The DE and DTf of patients were noted along with conventional parameters of
weaning. Probability value <0.05 was considered statistically significant. Receiver operating
characteristic (ROC) curves were used for analysis. Area under the curve (AUC) was measured,
and sensitivity and specificity for different cut-off values were estimated. Results: Out of
50 patients, 15 (30%) had SBT failure and 4 had extubation failure. The group with SBT failure
had significantly higher rapid shallow breathing index (RSBI) and airway occlusion pressure
(P0.1s), whereas DE and DTf were lower compared to the SBT successful group. Strong
correlation existed between RSBI, DTf, DE and P0.1s. DTf of nearly 24% (sensitivity 93.5%,
specificity 94.7%) and DE of 1.10 cm (84% sensitivity, 89.5% specificity) were associated with
best outcome. Conclusion: Along with conventional parameters of weaning, sonographic
assessment of diaphragmatic parameters can be useful in predicting the success of SBT and
in avoiding unnecessary extubation failures and thereby help in achieving a successful weaning
outcome.

Key words: Diaphragm, ultrasonography, weaning

INTRODUCTION

This is an open access journal, and articles are distributed under the terms of

Weaning from mechanical ventilation in critically
ill patients is one of the major challenges faced by
intensive care physicians. Several indices that have
been used to predict successful weaning include
minute ventilation (MV), vital capacity, negative
inspiratory force (NIF), rapid shallow breathing
index (RSBI), airway occlusion pressure (P0.1s)),
etc., during the spontaneous breathing trial (SBT) in
weaning-ready patients.! Failed weaning in critically
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ill patients could be due to multiple causes such as
sepsis, electrolyte disturbances, unresolved cardiac
or respiratory pathologies, and mneuromuscular
weakness including critical illness polyneuropathy/
myopathy, etc.’?! Diaphragmatic weakness starts from
the time the patient is put on mechanical ventilation
and though weaning is successful in most of the
eligible patients, it could be difficult for 20%-30% of
them.®! Prevalence of diaphragmatic dysfunction (DD)
in mechanically ventilated patients ranges from 33%
to 95%.!% Mode of ventilation has also been identified
as a key factor influencing ventilator-induced
diaphragmatic dysfunction (VIDD). Among controlled
and assisted modes, assisted modes are preferred
so as to sensitise the respiratory muscles to prevent
atrophy and thinning due to unloading because of
non-use.’’ Development of diaphragm atrophy was
also associated with prolonged mechanical ventilation,
increased intensive care unit (ICU) length of stay, and
increased morbidity.™

The overall reintubation rate is nearly 10%-20% which
is a cause of concern as it poses further challenges
in the weaning of patients.’! Moreover, ultrasound
allows real-time assessment of diaphragmatic function
by estimating the diaphragmatic thickness (DT) and
diaphragmatic excursion (DE) which in turn helps
in diagnosing diaphragmatic weakness and predicts
successful ~ weaning/extubation.!®!  Diaphragmatic
thickening fraction (DTf) in percentage reflects the
magnitude of diaphragmatic effort, and DE measures
adequate movement of the diaphragm during quiet
breathing or deep inspiration.”” Studies have shown
that assessment of ultrasound-derived indices may
predict successful weaning, but sensitivity, specificity,
and negative predictive values of these indices are
highly variable.!'”

However, ultrasound-guided weaning parameters are
still not commonly used probably due to uncertainty
about its efficacy and cut-off values to predict
weaning from mechanical ventilation. Thus, this
study was planned to assess the DTf and DE using
bedside wultrasound in selected weaning-eligible
patients. Our primary objective was to assess the role
of diaphragmatic indices in predicting successful
extubation or extubation failure by comparing the
measurements with outcome. We also planned to
correlate these findings with other conventional
weaning parameters such as NIF, RSBI, and tracheal
P0.1s and SBT outcome.

Indian Journal of Anaesthesia | Volume 66 | Issue 11 | November 2022

METHODS

This prospective observational study was conducted
in the ICU of a tertiary care hospital from May 2021
to January 2022, after receiving approval from the
institutional ethics committee (IEC no: 2021-626
dated March 6, 2021). The study was conducted on
mechanically ventilated and weaning-ready patients
after obtaining written and informed consent from the
relatives.

Assuming 15% (10%-20%) to have the factor of
interest (extubation failure)®’, 80% of power with 95%
confidence interval (CI) and margin of error as 10%,
the sample size was estimated to be 49. We included
50 patients by convenience sampling from the ICUs.

The study participants were mechanically ventilated
patients selected for weaning by the treating physician’s
or intensivist'’s team and who had already tolerated
pressure support ventilation (PSV) and were considered
fit for weaning. Selection of patients for SBT was based
on the well-established weaning criteria (fraction of
inspired oxygen [FiO,] <0.5, positive end-expiratory
pressure [PEEP] <5 cmH, O, partial pressure of arterial
oxygen [PaO,]/FiO, >200, respiratory rate <30 breaths
per minute, absence of fever, alert and cooperative
state, and haemodynamic stability without vasoactive
support). Patients having RSBI <105, NIF >—20 cmH, O,
and P0.1s <3.5 cmH,0 were considered eligible for
SBT. Patients who were less than 18 years old and more
than 80 years old, patients with primary diaphragmatic
disease or trauma, patients who underwent oesophageal
and thoracic surgeries, pregnant women, patients with
electrolyte derangements and other correctable disorders,
unstable haemodynamics, and low consciousness level
were excluded from the study.

RSBI is measured as ratio between the respiratory
rate (breaths/min) and tidal volume (TV) in litres.
Literature supports that RSBI <105 has been associated
with better weaning outcomes.®!

P0.1s is the negative pressure generated at the
airway opening, 100 millisecond after initiation of
an inspiratory effort against an occluded airway; for
mechanically ventilated patients, values of >3 cmH,0
are associated with increased effort.™!

NIF is the maximum inspiratory pressure that can be
generated against an occluded airway after a maximum
expiration. Studies support that NIF of —20 cmH,0 is
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adequate to initiate weaning and that of —25 cmH,O is
associated with successful weaning.!"!

DT was measured by bedside transthoracic
ultrasonography (Sonosite machine from FUJIFILM
SonoSite,Inc.; Bothell, WA98021USA)byanintensivist
experienced in the performance of diaphragmatic
ultrasound (DUS). A high-frequency (10 Mega
Hertz [MHz]) linear probe was placed in cranio-caudal
direction in the ninth or tenth intercostal space near the
mid-axillary line and angled perpendicular to the chest
wall. The diaphragm was identified as a three-layered
muscular layer bounded by the membranes of the
diaphragmatic pleura and peritoneum [Figure 1a].

Diaphragmatic  thickness difference (DTD) is
the difference of thickness measured at both
end-inspiration and end-expiration in a patient on
SBT during tidal breathing.®

DTf = TI — TE/TE x 100

(Where TI is thickness at end inspiration and TE is the
thickness at end expiration).

To measure DE during tidal and deep breathing, a
curvilinear low-frequency probe (3-5 MHz) was
used. The probe was placed subcostally parallel to
the intercostal space between the mid-clavicular
and the mid-axillary lines with the beam directed
medially, cephalad, and dorsally to measure the range
of the movement in supine position.”! Excursion
was measured both during tidal and deep breathing
in M-mode, with the M-line placed perpendicular to
the direction of motion to get the high and low waves
which indicate diaphragmatic mobility [Figure 1b].

Though the definition of DD is variable, we considered
a cut-off of thickening fraction of <20% and/or tidal
excursion of <10 mm during tidal breathing as DD
based on the existing literature.!**?

Figure 1: (a) Diaphragmatic thickness, (b) Diaphragmatic excursion

778

Cut-off values for weaning success in this study were
RSBI <105, NIF > —20 ¢cmH,O, P0.1s <3.5 cmH,0,
DE (tidal) >1.0 cm, DE (deep breathing) > 3.0 cm, and
DTf >20% based on previous studies.l*?

Criteria for failure of SBT were change in mental status,
diaphoresis, increased respiratory rate, haemodynamic
instability, and signs of increased work of breathing.

Extubation failure was defined as inability to sustain
spontaneous breathingafter removal of an endotracheal
tube or tracheostomy tube within 48 hours, with the
need for re-intubation.

A proforma was constructed based on existing literature
and data regarding basic demographic information,
comorbidities, clinical diagnosis, weaning readiness,
pre-extubation arterial blood gases, respiratory rate,
MYV, RSBI, NIE, P0.1s, and DUS based diaphragmatic
parameters along with weaning outcome were

noted.>

To mitigate interobserver variability, a single trained
operator with approximately five years of experience
in ultrasound-guided procedures and assessment was
involved in taking measurements of all the patients.
The average of three readings was taken to mitigate
the effect of intra-observer variability. The investigator
was not involved in the actual treatment or weaning of
the patients and the treating team of the patient was
blinded to ultrasound measurements.

Normal distribution of data was determined via the
Kolmogorov—Smirnov test. Comparison of quantitative
variables between the study groups was done using
Mann-Whitney U test for independent non-parametric
data. For comparing categorical data, chi-square (%)
test was performed, and Fisher’s exact test was used
when the expected frequency was less than 5. Receiver
operating characteristic (ROC) curves were plotted
and criterion values were estimated depending on
specificity and sensitivity. Area under the curve (AUC)
was measured. A probability value (P) less than 0.05
was considered statistically significant. All statistical
calculations were done using the Statistical Package
for the Social Sciences (SPSS) version 21 (SPSS Inc.,
Chicago, Illinois, United States of America) for Windows.

RESULTS

Among the 50 mechanically ventilated, weaning-ready
patients, 31 (62%) were successfully extubated,
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15 (30%) had SBT failure and 4 (8%) had extubation
failure and required re-intubation. Out of these
19 patients, 15 (30%) were transitioned back to
controlled (volume/pressure) mode or PSV. Age,
gender, comorbidities, and speciality of admission
did not have significant relationship with extubation
success. Patients with extubation success and SBT
failure had comparable haemodynamic and arterial
blood gas values [Table 1].

The mean NIF during the SBT was significantly
higher (—22.13 = 1.43) in the extubation success
than the failure (SBT and extubation failure)
group (—17.68 = 0.89) with P < 0.001. The RSBI
was significantly lower in the patients who could
be extubated successfully (46.61 + 18.19 versus
105.63 = 7.93, P = 0.001) [Table 1]. Similarly, P0.1s was
significantly lower (3.76 * 1.32 versus 6.63 * 1.35)
in patients where extubation was successful. On
comparing the diaphragmatic parameters measured
with bedside ultrasonography, it was observed that
the mean DT during inspiration, expiration, and DTf
was significantly lower in the failure group than in
the successful extubation group. Thickness difference
of right and left hemidiaphragm were comparable
in all the study subjects. Mean tidal excursion on
tidal breathing was lower in patients with SBT and
extubation failure group (0.83 = 0.32) than patients
who were extubated after SBT (1.48 = 0.42). Similarly,
the mean DE on deep breathing was also lower in
the failure group than in the successful extubation
group (2.12 = 0.67 versus 3.75 = 0.90). There was a
strong correlation and statistically significant relation
between diaphragmatic parameters and weaning/
SBT outcome. The DD was found in 44% (22 out of

50) of patients on the basis of tidal DE and 32% (16
out of 50) based on DTf. Among the patients with
low tidal excursion (22 patients), 17 patients (77%)
had subsequently either SBT failure or extubation
failure (2 = 25.718, P = 0.001), whereas among
patients with low excursion on deep breathing (22
patients), 19 patients (86%) had failure (y2 = 36.08,
P = 0.001). Among 16 patients who had low DTY,
14 (87.5%) had SBT failure (2 = 25.471. P = 0.001).

Maximum AUC was seen in RSBI, followed by NIF,
DTf, and P0.1s [Figures 2 and 3]. Least AUC was
observed in tidal DE.

Correlation coefficients of 0.40-0.59, 0.60-0.79, and
0.80-1.00 were considered to indicate moderate,
strong, and very strong correlations, respectively.
Strong correlation existed between RSBI and NIE

Figure 2: Receiver operating characteristic (ROC) curve of weaning
parameters. (RSBI: Rapid shallow breathing index; NI: negative
inspiratory force; P0.1s: Airway occlusion pressure at 100 milliseconds)

Table 1: Relation of extubation success with haemodynamic, arterial blood gases, and weaning parameters

Extubation success No Yes P
Mean Standard Deviation (SD) Mean Standard Deviation (SD)

Mean arterial pressure (mmHg) 98.68 10.65 97.37 9.63 0.447
pH 7.44 0.10 7.46 0.06 0.703
PCO, (mmHg) 32.00 4.55 35.06 5.89 0.060
PO, (mmHg) 157.79 75.76 195.42 94.14 0.114
SpO, (%) 97.32 1.45 98.19 1.01 0.005
Lactate (mmol/L) 1.44 0.65 1.14 0.45 0.151
RSBI (breaths/min/L) 105.63 7.93 46.61 18.19 0.001
RR (breaths/min) 20.84 2.75 14.35 2.01 0.001
Mean NIF in cmH,O -17.68 0.89 -22.13 1.43 0.001
Mean P0.1s in cmH,0 6.63 1.35 3.76 1.32 0.001
Diaphragmatic thickening fraction (%) 19.26 3.49 36.57 8.22 0.001
Mean tidal excursion in cm 0.83 0.32 1.48 0.42 0.001
Mean diaphragmatic excursion on deep breathing in cm  2.12 0.67 3.75 0.90 0.001

(PCO,: Partial pressure of carbon dioxide; PO,: Partial pressure of O,; SpO,: Peripheral oxygen saturation; RSBI: Rapid shallow breathing index; RR: Respiratory
rate; NIF: Negative inspiratory force; P0.1s: Airway occlusion pressure at 100 milliseconds)
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DT/, excursion, and P0.1s [Table 2]. Mean NIF on the =~ of —20 cmH,O provides good accuracy with 100%
other hand had moderate correlation with mean tidal  sensitivity and good PPV and NPV. Among the three
excursion, and strong correlation with DTf. DT/ had
strong correlation with excursion on deep breathing.

We observed that all the weaning parameters in this
study had a significant relationship with SBT outcome,
in which DT, excursion, and NIF were lower, and RSBI
and P0.1s were higher in patients with SBT failure
indicating DD [Table 1]. Accuracy of the different cut-off
values with sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) to
predict SBT success/failure or extubation success/
failure were calculated [Table 3].

RSBI of 80 had a sensitivity of 100%, specificity of

90%, PPV of 86.35, and accuracy of 94%, whereas Figure 3: Receiver operating characteristic (ROC) curve of
RSBI of 85 had a sensitivity of 94.7%. A NIF diaphragmatic measurements

Table 2: Correlation table of weaning parameters measured during spontaneous breathing trial

Correlations Spearman’s Rho Mean NIF Diaphragmatic Mean Tidal Mean Excursion During Mean PO0.1s
Thickening Fraction Excursion (cm) Deep Breath (cm) (cmH,0)
RSBI (breaths/min/L)  Correlation coefficient  0.762 -0.764 -0.651 -0.759 0.711
P 0.001 0.001 0.001 0.001 0.001
Mean NIF (cmH,0) Correlation coefficient -0.712 -0.570 -0.775 0.648
P 0.001 0.001 0.001 0.001
DTf (%) Correlation coefficient 0.574 0.711 -0.615
P 0.001 0.001 0.001
Mean tidal excursion  Correlation coefficient 0.826 -0.454
in cm P 0.001 0.001
Mean excursion during Correlation coefficient -0.595
deep breath in cm p 0.001

RSBI: Rapid shallow breathing index; NIF: Negative inspiratory force; DTf: Diaphragmatic thickening fraction; P0.1s: Airway occlusion pressure at 100 milliseconds

Table 3: Sensitivity and specificity of weaning parameters with respect to cut-off values

Variable Measurements (cut-off values) Sensitivity Specificity PPV (%) NPV (%) Accuracy (%)
RSBI 76.00 1.000 0.871 82.61 100 92
80.00 1.000 0.903 86.36 100 94
85.00 0.947 0.935 90 96.67 94
NIF (cmH,0) -21.50 1.000 0.774 73 100 86
-20.00 1.000 0.935 90.48 100 96
-18.50 0.842 0.935 88.89 90.62 90
DTf 22.250 0.935 0.895 93.55 89.47 92
23.750 0.935 0.947 96.67 90 94
26.000 0.903 0.947 96.55 85.71 92
Diaphragmatic excursion 0.95 0.871 0.737 84.38 77.78 82
in tidal breathing (cm) 1.10 0.839 0.895 92.86 77.27 86
1.25 0.742 0.895 92 68 80
Diaphragmatic excursion 2.75 0.935 0.789 87.88 88.24 88
during deep breathing 3.05 0.903 0.947 96.55 85.71 92
(cm) 3.15 0.839 0.947 96.3 78.26 88
P0.1s (cmHZO) 4.6 0.947 0.774 72 96 84
4.7 0.947 0.806 75 96.2 86
4.8 0.895 0.839 77.3 92.86 86

(PPV: Positive predictive value; NPV: Negative predictive value; RSBI: Rapid shallow breathing index; NIF: Negative inspiratory force; P0.1s: Airway occlusion
pressure at 100 milliseconds; DTf: Diaphragmatic thickening fraction)
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DTf values checked, a fraction of nearly 24% was
associated with the best outcome (sensitivity 93.5%,
specificity 94.7%, PPV 96.7%, accuracy 94%). DE
cut-off of 1.10 cm showed 84% sensitivity, 89.5%
specificity, and a PPV of 93%. DE value of 3.0 cm on
deep breathing provided 90.3% sensitivity, 94.7%
specificity, and PPV of 96.5%.

DISCUSSION

Studies have suggested that bedside DUS could be of
great help in predicting extubation failure, but this
modality is still not much used in practice."'? Many
studies have analysed the role of assessment of DE as
well as DTf and observed that weaning failure can be
predicted with these measurements, but cut-off values
given in these studies are variable and range from <1.0
to 1.5 cm excursion in normal tidal breathing and
from <20% to 36% in thickening fraction.!'*9
Conventionally, DD has been defined as a thickening
fraction of less than 20% or a tidal excursion of less
than 10 mm."" In our study, the DD threshold taken
was a thickening fraction of <20% or a tidal excursion
of <10 mm based on existing literature.

Thickness differences of right and left hemidiaphragm
were comparable at functional residual capacity
level and met the criteria given by Boon et al.™® and
hence, only values from the right hemidiaphragm
were considered for analysis. We also observed that
62% of patients were successfully extubated after SBT
whereas 38% had weaning failure, out of which four
patients had to be re-intubated (8%). Low DE on tidal
breathing (<1.0 cm) was found in 44% of patients and
out of these, 77% patients had SBT failure. On the
other hand, 32% of patients had low DTf (£20%), out
of which 87.5% had SBT failure. The prevalence of
DD in our study (32%-44%) is comparable to that in
other studies which showed the prevalence of DD to
be 31% and 29%."* In another study, it was observed
that DE >25 mm increased the likelihood of success of
SBT and a DTf >30%-36% during SBT increased the
likelihood of success of SBT.['”!

We observed that the patients with successful
extubation had significantly higher NIF, lower RSBI,
and lower airway occlusion pressure (P0.1s) than the
SBT failure group. On ultrasound-guided assessment,
mean DT difference, DT, and excursion on tidal and
deep breathing was found to be significantly lower in
the SBT failure group. Other studies have also shown
that combined approach of RSBI and DUS in the
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pre-extubation time was associated with successful
extubation.*'® Nevertheless, the combination of
RSBI with DTf >26% was a more accurate predictor
of successful weaning from mechanical ventilation
than RSBI alone in another study.'®! In our study,
DTf in patients with SBT failure was 19.26% =
3.49% compared to 36.57% =+ 8.22% in patients with
successful extubation.

In a study done by Alam et al.* in extubation-ready
ICU patients, it was observed that DUS (DE and DT}/)
was a better tool to predict successful extubation
compared to RSBI. The authors also reported that DE
was a better predictor of successful extubation than
DTY.

During quiet breathing, the excursions were measured
by most authors as between 10 mm and 25 mm on
both sides.?'?*! While looking into the cut-off values,
we observed that RSBI of 80 and NIF of — 20 cmH,0O
had a 100% sensitivity and high accuracy of 94%. DTf
of 24%, DE cut-off of 1.10 cm at tidal breathing, and DE
of 3.0 cm on deep breathing provided high sensitivity,
specificity, and PPV.

The main limitation of this study was that as we had
enroled medical, surgical, and neurological patients
together, we could not extrapolate the results to
specific subgroup of patients. The study also did not
explore the role of other variables such as duration
of ventilation, mode of ventilation in unsuccessful
weaning, or extubation.

CONCLUSION

Sonographic assessment of DTf and excursion tells
us the functional status of the diaphragm and can be
used along with conventional parameters of weaning
during SBT to detect patients at risk of experiencing
difficult weaning and to predict weaning outcome and
successful extubation.
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ABSTRACT

Background and Aims: Despite the importance of statistics being well established for medical
research, it remains a neglected area of understanding and learning. The present survey
aimed to examine the use of various statistical methods in a two-year sample (2019-2020) of
representative Indian anaesthesia journals and compare it with an international top-ranked journal.
Methods: The literature survey included analysis of 748 original articles from ‘Indian Journal of
Anaesthesia’ (179), ‘Journal of Anaesthesiology Clinical Pharmacology’ (125) and ‘Anesthesia
& Analgesia’ (444) published over the period. Original research articles were identified from the
table of contents of each issue. Articles were assessed for statistical methods, categorised as
being descriptive, elementary, multivariable, advanced multivariate or diagnostic/classification.
Results: Compared to Anesthesia & Analgesia, the Indian journals (considered together) had a
significantly greater use of mean (standard deviation) (91.2% versus 70%) and percentages (79.5%
versus 67.6%) (P = 0.000 each); and lesser for Wilcoxon (5.4% versus 14.6%) and Pearson/
Spearman (5.1% versus 13.5%) correlation tests (P = 0.000 each), multivariable tests including
various regression methods (P < 0.001), classification/diagnostic tests [Receiver operating
characteristic (ROC) curve analysis, P = 0.022; sensitivity/specificity, P = 0.000; precision,
P =0.006; and relative risk/risk ratio, P = 0.010] and a virtual absence of complex multivariate tests.
Conclusion: The findings show limited use of advanced complex statistical methods in Indian
anaesthesia journals, usually being restricted to descriptive or elementary. There was a strong
bias towards using randomised controlled designs. The findings suggest an urgent and focussed
need on training in research methodology, including statistical methods, during postgraduation
and continued medical training.
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INTRODUCTION

Medical research is the core of clinical practice and
its advancements. The importance and relevance
of medical research has led to the genesis and
acceptance of ‘evidence-based’

is required for critical evaluation, understanding
and clinical implementation of published research.
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Statistical methods form the mainstay of organising
collected data and using it to draw inferences during
research.*? Even if not actively conducting medical
research, an understanding of statistical methods
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The importance of statistical methods and the errors
associated with them has been emphasised.?

Statistics can be simply understood as a field of
mathematics that pertains to analysis of data.® It is
required to not only interpret results, but also explain
variations and predict future data.! While the
importance of statistical methods is often appreciated,
it is also acknowledged that understanding them
is difficult, and their incorrect application is
common.?% All of this signifies the need for greater
focus and understanding on the usage of statistics in
research.

The variety of statistical methods now includes
much more complex and advanced procedures.
The importance of choosing the correct statistical
methods during dissertation writing has also been
emphasised.” International anaesthesia journals
such as the ‘Anesthesia & Analgesia’ (A&A) have
recognised the increasing importance of statistical
tools and regularly publish educational articles on
related subjects, including the advanced and complex
methods. However, despite accepting the importance
of knowledge regarding statistical methods, we were
unable to locate any attempts to examine the pattern
of their usage in Indian journals.

The present literature survey hence aimed to
examine the use of various statistical methods in a
two-year sample (2019-2020) of representative Indian
anaesthesia journals and also compare it with an
international top-ranked journal in the subject. The
primary objective was to note the type of various
statistical methods used amongst the original research
articles. The secondary objectives were to note the
type of study design, software used for statistical
analysis (when mentioned) and overall percentage of
original research articles.

METHODS

The study was undertaken from 4 August 2021 to 4 June
2022, for data available in the public domain. Hence,
no ethical concerns were identified by the Institutional
Ethical Committee (Ref no. IECHR-2021-50-13).

‘Indian Journal of Anaesthesia’ (IJA) and ‘Journal of
Anaesthesiology Clinical Pharmacology’ (JOACP)
were chosen as representative of Indian anaesthesia
publications. The international journal included
for comparison was A&A, the official publication of
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International Anesthesia Research Society from the
USA.

Statistical method usage was audited only for ‘original
research’ articles published in these journals. Original
research articles were identified from the table of
contents of each issue (clinical or basic). Each included
article was assessed to identify the statistical method
from the sections of statistical analysis, tables, figures
as well as the results section. All the tests used (even
if not mentioned in the section of statistical methods)
were noted. For identifying the studies, abstracting
information and entering it into a Google sheet,
four teams with two independent researchers were
designated. To ensure unbiased assessment, each team
was allotted three issues of IJA (2019) and A&A (2019)
since both are monthly publications and one issue of
JOACP (2019), since it is published quarterly. Each
included article was scrutinised independently by
both the allocated team members. Any discrepancy
was resolved by the referee team of other three clinical
researchers and a biostatistician. This referee team
also conducted several educational online sessions for
all team members to discuss relevant aspects of the
statistical methods involved in the study. The same
process was repeated for the 2020 publications as well.

The statistical method used was identified and
categorised as being descriptive, elementary,
multivariable, complex multivariate analysis,
others (diagnostic/classification) or those associated
with machine learning and data mining.*”! These
categories were adapted from previously published
classifications of statistical methods.!*” The individual
methods included in each of the categories were as
follows—Descriptive: mean [standard deviation (SD)],
median [interquartilerange (IQR)], number, percentage,
ratio or proportions; Elementary: Chi-square, t-test,
analysis of variance (ANOVA), Fisher’s exact, Kaplan—
Meier, Wilcoxon rank, and correlation; Multivariable:
Cox proportional hazard, linear regression, logistic
regression; Complex multivariate: weighted logistic
regression,  unconditional logistic  regression,
conditional logistic regression, Poisson regression,
pooled logistic regression, nonlinear regression,
negative binomial regression or generalised estimating
equation; Classification/diagnostic: relative risk, risk
ratio, precision, recall, sensitivity and specificity.
Newer type of analysis linked to machine learning and
data mining includes the Bayesian networks, decision
trees, artificial neural networks, support vector
machines and clustering.”
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Additionally, the type of study design in terms of
randomised controlled trials/cohorts and software
used for statistical analysis were noted as well. The
number of original research articles was also noted as
a percentage of all published articles (excluding letter
to editor) in each journal over the two-year period.

All variables were coded as binary outcomes into
an excel sheet. Results are presented as frequencies/
percentages. Comparison of percentages between
journals was done using the Chi-square/Fisher’s exact
test. Statistical Package for the Social Sciences (SPSS)
version 28 (International Business Machines Corp;
USA) statistical software was used for statistical
analysis. No sample size was calculated since it
was a time-limited data extraction (publications of
2019-2020); however, the expected sample size was
large, considering the frequency and regularity of
publication of the journals.

RESULTS

A total of 748 original research articles were evaluated,
including 179, 125 and 444 in IJA, JOACP and A&A,
respectively. The percentage of original research
articles was 179/450 (39.8%) in IJA, 125/233 (53.6%)
in JOACP and 444/865 (51.3%) in A&A during the
period surveyed.

A comparison of usage for individual statistical
methods was done between both Indian journals
(JOACP versus IJA) and then by clubbing both Indian
journals together versus A&A [Table 1]. There was
no significant difference between the usage of any
individual statistical method when comparing JOACP
with IJA [Table 1]. There were, however, significant
differences between Indian versus the international
journal. These comparisons were further analysed.

From amongst the various descriptive methods
(i.e., mean (SD), median [IQR], and percentages/ratio/
numbers), the use of mean (SD) as well as percentages
or related terms was significantly greater (P = 0.000
each) in the Indian journals, while it was significantly
lesser for median [IQR] (P = 0.000) [Table 1].

Amongst the elementary methods (including
Chi-square/Fisher’s exact test, t-test, ANOVA, Kaplan—
Meier, Wilcoxon rank, Mann-Whitney and Pearson/
Spearman correlation), Indian journals showed a
significantly lesser usage of Wilcoxon and Pearson/
Spearman correlation tests (P = 0.000 each) and

Indian Journal of Anaesthesia | Volume 66 | Issue 11 | November 2022

significantly greater usage of Chi-square, t-test and
Mann-Whitney test as compared to A&A (P = 0.000,
0.000 and 0.001, respectively) [Table 1]. The use
of ANOVA and Kaplan—-Meier analysis remained

statistically similar for Indian journals versus
A&A (P = 0.082) [Table 1].
Amongst the multivariable tests, there was

significantly lesser usage in Indian journals versus
A&A for logistic regression (7.6% versus 31.3%;
P = 0.000), linear regression (3.9% versus 18.7%;
P = 0.000) and Cox proportional hazard test (0.7%
versus 5%; P = 0.001).

The frequency of using complex multivariate methods
was almost nil in Indian journals (0% for each of the
individual tests in JOACP; while in IJA also it was
0% for all, except conditional regression [1.1%]). In
contrast, in A&A, there was a presence albeit low,
for all the individual methods except unconditional
regression which was not used [Table 1]. Poisson
regression and generalised estimating equation
achieved significantly greater usage in A&A versus
the Indian journals together (P = 0.028 and 0.006
each) [Table 1].

The use of classification/diagnostic methods (viz. ROC
analysis, sensitivity/specificity, recall, precision and
relative risk/risk ratio) was also significantly lesser in
Indian journals versus A&A (ROC analysis, P = 0.022;
sensitivity/specificity, P = 0.000; precision, P = 0.006;
and relative risk/risk ratio, P = 0.010) [Table 1].

There were three studies (all from A&A) that used
methods for evaluating machine learning and none in
JOACP or JJA. The frequencies for usage of each of the
statistical methods were also derived [Table 1].

When considering all journals together, the usage
was commonest for descriptive (96.5%), followed by
elementary (78.4%), multivariable (31.3%), diagnostic/
classifying (16.6%), complex multivariate (4%) and
machine learning methods in decreasing order of
frequencies [Figure 1]. Even when each of the three
journals was considered independently, the same
trend was apparent [Figure 1].

The software used for analysis was mentioned in
489/748 (65.3%) of the original research articles,
including 54.7%, 80.8% and 81.0% each for A&A,
JOACP and IJA, respectively. The commonest software
used in A&A was R-software (90/243 = 37%), while
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Table 1: Distribution of various statistical methods

IJA (n=179) JOACP (n=125) Anesthesia & Analgesia (n=444) Total (n=748)
Type of statistical method used
Descriptive 177 (98.9) 123 (98.4) 422 (95) 722 (96.5)
Mean (SD) 166 (92.7) 112 (89.6) 311 (70)* 589 (78.7)
Median [IQR] 55 (30.7) 33 (26.4) 236 (53.2) 324 (43.3)
Percentage/Number/Proportion 147 (82.1) 96 (76.8) 300 (67.6)% 543 (72.6)
Elementary 157 (87.7) 113 (90.4) 317 (71.4) 587 (78.4)
Chi-square/Fisher's exact test 122 (68.2) 90 (72) 180 (40.5)% 392 (52.4)
t-test 109 (60.9) 69 (55.2) 156 (35.1)* 334 (44.7)
Analysis of variance (ANOVA) 44 (24.6) 40 (32) 98 (22.1) 182 (24.3)
Kaplan—Meier 6 (3.4) 2 (1.6) 21 (4.7) 29 (3.9)
Wilcoxon 12 (6.7) 5 (4) 65 (14.6)* 82 (11)
Mann—-Whitney 48 (26.8) 33 (26.4) 83 (18.7)* 164 (21.9)
Pearson/Spearman correlation 8 (4.5) 7 (5.6) 60 (13.5)* 75 (10)
Multivariable 21 (11.7) 10 (8) 203 (45.7) 234 (31.3)
Logistic regression 17 (9.5) 7 (5.6) 139 (31.3)% 163 (21.8)
Linear regression 4 (2.2) 7 (5.6) 83 (18.7)* 94 (12.6)
Cox proportional hazard regression 1 (0.6) 1 (0.8) 22 (5)* 24 (3.2)
Complex multivariate 2(1.1) 0 (0) 28 (6.3) 30 (4.0)
Weighted regression 0 (0) 0 (0) 3(0.7) 3(0.4)
Unconditional regression 0 (0) 0 (0) 0 (0) 0
Conditional regression 2(1.1) 0 (0) 4 (0.9) 6 (0.8)
Poisson regression 0 (0) 0 (0) 7 (1.6)* 7 (0.9)
Pooled logistic regression 0 (0) 0 (0) 2 (0.5) 2 (0.3)
Nonlinear regression 0 (0) 0 (0) 5(1.1) 5(0.7)
Generalised estimating equation 0 (0) 0 (0) 11 (2.5)% 11 (1.5)
Diagnostic/classifying 11 (6.1) 7 (5.6) 106 (23.9) 124 (16.6)
Receiver operating characteristic 9 (5) 4 (3.2) 38 (8.6)% 51 (6.8)
Sensitivity/specificity 1 (0.6) 4 (3.2) 73 (16.4)% 78 (10.4)
Recall 1 (0.6) 0 (0) 2 (0.5) 3(0.4)
Precision 0 (0) 0 (0) 11 (2.5)% 11 (1.5)
Relative risk/risk ratio 1 (0.6) 1(0.8) 16 (3.6)" 18 (2.4)

(n=number of original research articles), values are numbers (%), *P<0.05 for IJA versus JOACP, ¥P<0.05 for Anesthesia & Analgesia versus Indian Journal of
Anaesthesia and Journal of Anaesthesiology Clinical Pharmacology (representative of Indian publications)

it was SPSS for both Indian journals, i.e., 88.1% and o6
90.3% for JOACP and IJA, respectively. Total 213

178.4 196.5
Randomised controlled trials were commoner in the beo
Indian journals (IJA = 60.9%, JOACP = 61.6%) than in Anesthesia & [221°- 157
A&A (19.8%). Cohort studies were published in greater Analgesia f— 95
numbers in A&A than in JOACP and IJA (40.1% versus -
16.8% and 20.7%, respectively). JOACP Es 0.4

198.4
DISCUSSION 6.1
1A 117

The study observations depict that the commonest I —r
categories of statistical analysis used in all journals 0 20 40 60 80 100
included descriptive or elementary methods. The aDiagnostic/classifying test Complex multivariate test =Multivariable test
more advanced multivariable, complex multivariate mElementary test =Descriptive test

and diagnostic/classifying tests were, however, more Figure 1: Distribution for categories of statistical methods. Values

commonly used in the international journal (A&A)  are depicted as percentages. IJA: Indian Journal of Anaesthesia;
as compared to Indian journals [Figure 1]. The array JOACP: Journal of Anaesthesiology Clinical Pharmacology
of statistical methods has grown over time to extend  and medians to the most advanced and complex

from simple descriptive narratives such as mean  procedures.?%
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The current observation of the use of descriptive/
elementary methods amongst journals has been
previously observed too, although not for anaesthesia
literature.”? This finding reiterates that the most
popular statistical methods are often the simplest,
and perhaps have been used for decades for this
reason. Educational narrative reviews on basic
statistical tools can also be found with ease.l®'*13
Descriptive methods include measures of frequency,
central tendency as well as variability. These measures
help in consolidating a large amount of data for easier
representation and comparisons. It is undoubtedly
acceptable that clinicians are most familiar with these
simple tests and their utility, and hence the increased
usage. A lack of awareness and knowledge regarding
biostatistical methods and advancements thereof as
well as the non-availability of qualified biostatisticians
contributes to the use of more basic methodology in
research. It is often noted that understanding and
correctly applying biostatistical methods is difficult
for clinicians.[*%141]

Both the Indian journals, i.e., JA and JOACP, had
statistically similar usage of all the evaluated methods.
However, when comparing them to A&A, there
emerged a distinct and less encouraging difference in
the pattern of usage.

Amongst the findings of the present study, the
seemingly innocuous practice of using mean (SD)
more frequently than median [IQR] itself is
noteworthy. A median [IQR] representation is
preferred with samples that do not have a normal
distribution of data. To assess normal distribution,
specific techniques such as a Kolmogorov-Smirnov
test or assessing histograms, etc., are advocated.
With no specific mention of such methods to
analyse the type of distribution of data in the
section of statistical analysis, the under-usage of
median [IQR] may be explained. If we average the
usage of Wilcoxon and Mann-Whitney tests (both
for nonparametric data), it depicts a similar usage
across all journals (A&A = 16.6%, JOACP = 15.2%,
IJA = 16.7%). This implies that there may be an
erroneous under-utilisation of median [IQR] in the
Indian journals.

The Indian journals showed a significantly
lesser use of correlation using Pearson/Spearman
tests (A&A = 13.5%, JOACP = 5.6%, [JA = 4.5%),
even though they are considered as basic elementary
methods.""'% Correlation testing is meant to be applied

Indian Journal of Anaesthesia | Volume 66 | Issue 11 | November 2022

when looking for a possible association/relationship
between variables. The under-utilisation of correlation
testing in Indian journals may be a consequence of
the greater unsubstantiated emphasis on randomised
trials. The typical study design for carrying out
tests of association/correlation is non-experimental,
i.e., observational (cohort or cross sectional). The
percentage of cohort studies was however much
lesser in the Indian journals. Randomised controlled
trials are often conducted with the ambitious aim
to discover causation and hence dictate therapy.
However, well-conducted cohort/cross-sectional trials
may end up generating excellent research questions
as well, even though not testing a hypothesis.['"'! The
complete potential of correlation testing in exploring
research questions was thus under-appreciated in the
Indian journals.

The use of various ‘regression models’ aims to evaluate
the association between variables.'” We included
regression models into multivariable and complex
multivariate categories of statistical methods in our
study."*'%! Nevertheless, the usage of regression was
exceedingly low in Indian journals.

It is thus apparent that Indian researchers are not
using the more complex and advanced methods. This
may be the result of mere lack of knowledge amongst
clinical researchers, even though the tests could be
better suited to answer the research question. On the
other hand, advanced statistical methods improve
the quality and accuracy of results as well, and thus,
the associated chances of publication. Involving a
statistician at the stage of conceptualisation itself with
a focus on appropriate study design and statistical
tests required would be highly desirable. In a recent
literature survey, it was noted that of 22,298 articles in
top sixinternational anaesthesiajournals overa 10-year
period, only 1.08% were contributed from India, and
amongst these, 20% were original research articles
with the majority being correspondences.!*®! With the
augmentation of statistical methods to more complex
and advanced models, the quality of publications from
the country will improve as well.

We chose IJA and JOACP to represent Indian
anaesthesia journals given the fact that both are
indexed with PubMed and remain credible databases.
Thus, the results obtained could be expected to
accurately reflect the use of biostatistical methods by
Indian researchers in the field of anaesthesia.
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The international journal we chose for comparison
was A&A since it remains one of the top-ranking
anaesthesia journals (within first five ranked as
per most recent rankings),™ with a high impact
factor. The journal features contributions by Indian
anaesthesia researchers as well.*®! Additionally, the
journal features regular articles focusing on statistical
methods and concepts and has dedicated statistical
reviewers. Hence, it was felt that the journal could be
considered for a fruitful comparison/bench-marking.

There are limitations to the current study. It is depictive
of a randomly chosen sample of journals. It is not
mandatory that the findings are applicable across all
Indian or international journals and specialities. Also,
since a significant number of research articles must
have been rejected and not accepted for publication,
their statistical test usage cannot be commented
upon. Lastly, the list of tests we have included in
each category is not all-inclusive and thus remains
modifiable.

CONCLUSION

The observations of the study show a limited use
of advanced complex statistical tests in Indian
anaesthesia journals. The tests usually employed
are restricted to descriptive or elementary tests, and
a strong bias towards using randomised controlled
designs. The findings suggest an urgent and focussed
need on training in research methodology, including
statistical methods, during postgraduation and
continued medical training.
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Effect of a single intraoperative dose of
dexamethasone on glycaemic profile in
postoperative patients - A double-blind randomised
controlled study

Vigil Peter, Usha Shenoy, Buena Rukkiyabeevi

Department of Anaesthesia, Jubilee Mission Medical College and Regional Institute, Thrissur, Kerala, India

ABSTRACT

Background and Aims: The effect of a single intraoperative dose of steroids on perioperative
blood sugar levels is uncertain. We hypothesised that a single dose of dexamethasone would
not unfavourably alter the glucose levels of non-diabetic patients. This study aimed to evaluate
the post-operative glycaemic profile after a single dose of intraoperative dexamethasone in
non-diabetic patients. The presence of post-operative nausea and vomiting (PONV), pain, surgical
site infection (SSI) and length of hospital stay were also evaluated. Methods: This randomised,
double-blind, controlled study was done by recruiting 150 non-diabetic adult patients of the
American Society of Anesthesiologists physical status I/l undergoing elective surgery. Patients in
the study group were administered a single dose of dexamethasone (0.15 mg/kg). Blood glucose
levels were assessed at various time points for up to 72 hours post-operatively using point-of-care
testing. Secondary outcomes such as PONV, pain, fever and SSI were also documented. Data
were compared and analysed using Student’s t-test, Chi-square test, Mann-Whitney test and
analysis of variance test. Results: There was an earlier, higher and prolonged elevation in blood
glucose levels in patients receiving dexamethasone. The mean (standard deviation) of fasting/
postprandial blood sugars on the first, second and third postoperative days respectively was
significantly higher in the study group 98.04 (21.89)/139.16 (20.59), 96.64 (19.20)/138.17 (18.05),
96.60 (17.40)/138.32 (15.10) mg/dl as compared to control group 86.9 6 (10.28)/128.95 (10.53),
88.81 (8.87)/131.97 (9.68), 88.16 (8.50)/130.88 (9.48) mg/dl. About 10.7% of the patients who
received dexamethasone had blood glucose levels greater than 180 mg/dl. There were no significant
differences in the secondary outcomes. Conclusion: Even a single dose of dexamethasone in
non-diabetic adults causes significant and prolonged postoperative hyperglycaemia.

Key words: Dexamethasone, hyperglycaemia, intraoperative period, postoperative period

INTRODUCTION

found that the administration of a single dose of
dexamethasone, raised blood sugar levels transiently,

A single dose of dexamethasone is often administered
in the intraoperative period for its anti-inflammatory,
antiemetic, analgesic and immunomodulatory effects.!!!
Perioperative steroids are known to drive blood glucose
levels above the generally accepted inpatient goals,
due to increased insulin resistance and reduced
function of the pancreatic beta-cells.™

Hyperglycaemia is associated with increased
morbidity and mortality, especially in critically ill
patients.F! A retrospective study by Herbst et al

without any adverse patient outcomes.® Existing
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data on the changes in glycaemic profile is restricted
to the intraoperative and the first 24 hours of the
post-operative  period. Considering the longer
biological half-life of dexamethasone (36 to 54 hours),
there is a paucity of prospective studies on the
prolonged impact of a single dose of dexamethasone
on the perioperative blood glucose levels for the entire
period.

We hypothesised that a single intraoperative dose
of dexamethasone does not affect the perioperative
glycaemic profile of non-diabetic adult patients. Our
primary objective was to compare the changes in the
glycaemic profile (up to 72 hours post-operatively)
that occur in patients receiving a single dose of
dexamethasone. Secondary outcomes such as
postoperative nausea and vomiting (PONV), pain,
fever, surgical site infection (SSI) and length of
stay (LOS) in the hospital were also assessed.

METHODS

This double-blind, randomised, controlled study was
done in a tertiary care centre and teaching institute
from February 2019 to June 2020 after institutional
ethics committee approval (ref: 50/18/IEC/JMMC&RI)
following the principles of the declaration of Helsinki.
The trial was registered with the Clinical Trials
Registry of India (CTRI/2019/02/017570). The study
was powered using postoperative hyperglycaemia
as the primary outcome. Based on the proportion
of hyperglycaemic patients observed in an earlier
publication by Pasternak et al. with a 95% confidence
level and 90% power, the minimum sample size
required was 75 in each group.F! To compensate for
fallouts, we enroled a total of 155 patients. One fifty
patients aged between 18 -70 years, of the American
Society of Anesthesiologists physical status (ASA PS)
I or II, posted for elective middle ear surgery were
recruited and studied for 72 hours [Figure 1]. Fasting
blood sugar (FBS) level (baseline) and haemoglobin
Alc (HbA1c) were estimated preoperatively.
Candidates with pre-existing diabetes mellitus
(FBS >126 mg/dl, post-prandial blood sugar (PPBS)
>200 mg/dl, HbAlc >6.5), chronic steroid therapy,
history of allergy to dexamethasone, pregnancy, history
of peptic ulcer disease, hepatorenal dysfunction,
malignancy, duration of anaesthesia more than 4 hours
and immunosuppression were excluded.

After taking informed written consent, the patients
were randomly allotted to one of the two groups, by
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Figure 1: Consolidated Standards of Reporting (CONSORT) Diagram

computer-generated block randomisation (“Random
UX” computer application, UXapps, Cyprus). Patients
in the study group (group A) received dexamethasone,
whereas participants in the control group (group B)
received a placebo. Double blinding was ensured by
using preloaded 5 ml syringes of dexamethasone of
2 mg/ml dilution (labelled A) and saline (labelled B),
prepared by a nurse unaware of allocation.

On arrival in the operating room, routine monitoring
devices (non-invasive blood pressure, capnogram,
electrocardiogram and pulse oximetry) were attached.
The pre-anaesthetic regimen, anaesthesia procedure
and surgical techniques were uniform for all subjects.
Patients were premedicated with intravenous (IV)
glycopyrrolate0.2mg,ondansetron4mgand midazolam
1 mg. All patients received standardised general
anaesthesia consisting of IV induction using propofol
2 mg/kg, atracurium 0.5 mg/kg and fentanyl 2 u/kg.
Endotracheal intubation was performed in all subjects.
Following intubation, group A received a single dose of
IV dexamethasone (0.15 mg/kg to a maximum of 8 mg),
whereas group B received saline as placebo/control.
Anaesthesia was maintained with atracurium and a
mixture of oxygen, air and sevoflurane. All candidates
received IV paracetamol 1 gm for postoperative
analgesia. At the end of the surgery, all patients were
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extubated after reversing neuromuscular blockade
with IV neostigmine 0.05 mg/kg and glycopyrrolate
0.01 mg/kg. All patients were given Ringer’s lactate
perioperatively. Titrated doses of fentanyl were given
in the postoperative period.

The parameters recorded were blood glucose,
postoperative pain, incidence of postoperative nausea/
vomiting and infection at the surgical site. All blood
glucose levels were measured using a calibrated
glucometer (On Call Plus glucometer, Acon Labs,
USA). Blood sugar was again recorded two hours after
administration of the drug/placebo. The FBS and PPBS
values of the first, second and third postoperative
days (PODs) were also documented.

Postoperative pain was assessed using a visual
analogue scale ranging from 0 “no pain” to 100 “the
worst imaginable pain.” The time of demand for the
first rescue analgesic (IV fentanyl) following surgery
and a cumulative analgesic requirement on POD1
were also noted. The severity of PONV was assessed
using a 4-point verbal descriptive scale which consists
of score 0 = no PONV: no complaint of nausea or
vomiting; score 1 = mild PONV: patient complains
of nausea but refuses antiemetic treatment; score
2 = moderate PONV: patient complains of nausea
and needs antiemetic treatment; score 3 = severe
PONV: patient complains of nausea with episode of
vomiting requiring antiemetic treatment.l”! SSI was
assessed throughout the LOS and diagnosed if any of
the criteria in Centre for Disease Control guidelines
were met.”)

Blood sugar values two hours after dexamethasone/
placebo administration as well as FBS and PPBS on
POD 1, 2 and 3 were taken as primary endpoints.
Analgesic consumption and PONV scores on POD1
as well as fever and wound site infection were the
secondary endpoints.

All analysis was conducted by a statistician
using computer software (International Business
Machines (IBM) Statistical Package for Social Sciences
statistics for Windows, version 25.0, Chicago, USA).
While performing descriptive analysis, numerical
variables were expressed as mean (standard
deviation), whereas categorical values were expressed
as frequency and percentages. The median was also
calculated as the data was skewed. Quantitative data
were compared using Student’s t-test and chi-square
test. Mann-Whitney test and analysis of variance test
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were used to find the association between continuous
data. The correlation was calculated using Pearson’s
correlation coefficient (for normally distributed data)
and Spearman’s rho correlation coefficient (if data
was not normally distributed). We tested if there was
an overall significant difference between the means
at different time points. When the data violated the
assumption of sphericity, the results were validated
using Greenhouse Geisser correction. Bonferroni test
was used to reduce type 1 errors. A P value less than
0.05 was considered statistically significant.

RESULTS

The groups were comparable as regards the patient
demographics [Table 1]. A total of nine patients had
a family history of diabetes mellitus; five were in the
study group and four in the control group (P = 0.731).
The HbA1c levels were comparable in both groups.
The mean baseline FBS level was 84.33 (11.12) mg/dl
in the study group versus 84.44 (9.02) mg/dl in the
control group (P = 0.949).

The mean dose of dexamethasone used in the study
group was 7.9 (0.16) mg.

The blood sugar readings taken two hours after
administration of dexamethasone/placebo were
93.76 (10.23) and 93.71 (9.33) mg/dl in the study and
control groups respectively (P = 0.97)

During the postoperative period, FBS and PPBS values
were significantly higher in the study group for up to 72
hours [Figures 2 and 3]. Mean FBS in the study group
was 98.04 (21.89) mg/dl on POD1, 96.64 (19.2) mg/dl on
POD2 and 96.60 (17.4) mg/dl on POD3. In the control
group, mean FBS was 86.96 (10.28) mg/dl on POD1,
88.81 (8.87) mg/dl on POD2 and 88.16 (8.50) mg/dl on

Table 1: Demographic characteristics of the population

Parameter Group A Group B P
(n=75) (n=75)
Gender (females)* 57.3% (43/75) 62.7% (47/75) 0.444
Mean age (in years) 33.4 (11.04) 34.3 (11.76) 0.607
ASA Grade*
I 92% (69/75) 96% (72/75) 1.000
I 8% (6/75) 4% (3/75) 1.000
Weight (kg) 59.8 (6.55) 60.2 (6.99) 0.700
Height (m) 1.58 (4.79) 1.56 (4.58) 1.000
Duration of anaesthesia (min) 150 (10.41) 165 (12.26) 0.751
Pre-op HbA C 5.33 (0.27) 5.30 (0.26) 0.524

ASA — American Society of Anesthesiologists, n-number. Values for all
parameters stand for Mean (Standard deviation). Values for parameters
marked as *stand for percentage (number)
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POD3. Using the Mann-Whitney test, the fasting sugar
values were found to be significantly higher than in the
study group on POD1 (P = 0.004), POD2 (P = 0.035)
and POD3 (P = 0.001).

Mean PPBS in the study group was found to be
139.16 (20.59) mg/dl on POD1, 138.17 (18.05) mg/dl
on POD2 and 138.32 (15.10) mg/dl on POD3. Mean
PPBS in the control group was 128.95 (10.52) mg/dl on
POD1, 131.97 (9.68) mg/dl on POD2 and 130.88 (9.48)
mg/dl on POD3.

Using the Mann-Whitney test, the postprandial blood
sugar values were found to be significantly higher
in the study group on POD 1 (P = 0.001) and POD3
(P = 0.001) [Figures 4 and 5].

There was a statistically significant positive correlation
between pre-operative HbA1lc and FBS on all days
[POD1 (r = 0.49, P = 0.000), POD2 (r = 0.51, P = 0.000),
POD3 (r = 0.50, P = 0.000)]. The pre-operative HbA1c
also had a positive correlation with all the PPBS
values [POD1 (r = 0.49, P = 0.000), POD2 (r = 0.54,
P = 0.000) and POD3 (r = 0.53, P = 0.000)]. The
correlations were moderate.

Figure 2: Box plot showing fasting blood sugar level in both groups
over 72 hours. FBS- fasting blood sugar; POD- post-operative day;
Dexa-Dexamethasone
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Figure 4: Trend of fasting blood sugar level in mg/dl in both groups
over 72 hours. FBS- fasting blood sugar level in mg/dl; POD- post-
operative day
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A strong correlation was found between FBS and PPBS
on all three PODs [POD1 (r = 0.81, P = 0.000), POD2
(r = 0.80, P = 0.000), POD3 (r = 0.76, P = 0.000)].
A pairwise comparison of data showed that patients
with higher preoperative FBS had significantly higher
FBS on all three PODs in the study group (P = 0.000).
In the control group, a similar effect was noted only
on POD2 (P = 0.000) and POD3 (P = 0.08) However,
there was only a moderate correlation between HbA1c
and FBS/PPBS.

Patients who received dexamethasone had a steeper
rise in mean blood glucose levels. This rise was
statistically significant at all times and persisted for
up to 72 hours. About 10.7% (8/75) of the patients
who had received dexamethasone had blood glucose
levels more than 180 mg/dl, requiring insulin. Though
the fasting blood glucose and postprandial blood
glucose ranges for three PODs were higher in the study
group, they were within the normal range according
to the American Diabetic Association criteria.l» The
results imply the possibility of clinically insignificant
hyperglycaemia in diabetics/pre-diabetics following a
single dose of steroid.

Figure 3: Box plot showing post-prandial blood sugar level in mg/dl
in both groups over 72 hours. PPBS-post-prandial blood sugar; POD-
post-operative day
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Figure 5: Trend of PPBS in both groups over 72 hours.
PPBS-post-prandial blood sugar level in mg/dl; POD-post-operative day
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No significant differences were noted in the
secondary outcomes. Mean analgesic consumption
was 100.8 mg (7.44) in group A and 99.6 mg (5.02) in
group B. A median of 40 and 0 was observed in the
pain and PONV scores respectively in both groups.
Mean hospital stay was 3.53 (0.50) and 3.55 (0.50)
days in groups A and B, respectively.

DISCUSSION

Dhatariya K. highlighted the increased risk of
developing insulin resistance and hyperglycaemia
with the use of perioperative single-dose steroids such
as dexamethasone.l”’ Bartlett et al. also emphasised
the significant differences in blood glucose levels
of non-diabetic patients receiving a single dose of
dexamethasone.!'”’ They observed a steeper rise in
the mean blood glucose level, which was evident
from the first post-operative day. Patients undergoing
anaesthesia and surgery often show hyperglycaemic
responses attributed to the stress-induced release of
glucagon, epinephrine and cortisol.

The hyperglycaemia induced by dexamethasone
was evidenced by the higher mean glucose values
at all-time points, compared to the control group.
The highest percentage increase from the baseline
was 65% (maximum increase of 54.83 from baseline
of 84.33 mg/dl) in the dexamethasone group and
52% (maximum increase of 57.53 from mean baseline
sugar of 84.44 mg/dl) in the control group. The rise
in blood sugar was statistically significant on all three
days. The hyperglycaemia that occurred earlier, was
higher and prolonged, despite the non-diabetic status
of the patients. This was in contrast to the findings by
Corcoran et al.,, who concluded that dexamethasone
did not induce greater hyperglycaemia in non-diabetics
and even in well-controlled diabetic patients."!

Inthecurrentstudy, although greater glucoselevelswere
noted in the intraoperative period, the rise in glucose
levels was similar in both the groups (9.43 (4.1) mg/dl
in the dexamethasone group versus 9.27 (4.4) mg/dl in
placebo group). Maximum changes in glucose levels
were identified on the first POD (14.71 (10.70) mg/dl
in the dexamethasone group versus 2.52 (1.26) mg/dl
in the placebo group). This can be explained by the
low surgical stress in our population (as middle ear
surgery is not a very invasive surgery). A study by
Ali et al. showed a statistically significant increase in
intraoperative blood glucose levels over a 4 h period in
patientsreceiving a single dose of dexamethasone at the
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time of induction.™? Data similar to ours were reported
by Tien et al. who studied the effect of dexamethasone
given preoperatively on the blood glucose profiles of
diabetic and non-diabetic patients.["¥! However, our
findings differed from the findings of several authors
who stated there was no evidence of the association
between perioperative dexamethasone administration
and higher blood glucose levels.'¥ Dexamethasone
administration in patients undergoing arthroplasty
increased postoperative hyperglycaemia during the
first 24 to 72 hours.™ Another study by Bonilla et al.
showed peak glucose levels in the first 24 hours.'®
Our findings were different from both these studies.
The blood glucose values performed 120 minutes
after administration of dexamethasone/placebo were
similar in both groups. However, our study group
showed significant elevations in blood glucose levels,
especially after 24 hours. This rise persisted for
up to 72 hours, probably due to the long half-life of
dexamethasone. Our findings were similar to those of
a retrospective analysis by Herbst et al.l¥

A large randomised controlled trial showed that even
a single dose of dexamethasone significantly reduced
the incidence of PONV.'”l However, we found no
significant difference in PONV scores, which might be
attributed to the routine administration of ondansetron
to all patients. Antiemetic properties of dexamethasone
are due to its anti-inflammatory effect, direct central
action at the solitary tract nucleus, interaction with
serotonin and receptor proteins tachykinin NK1 and
NK2 and alpha adrenaline, etc., maintenance of the
normal physiological functions of organs and systems,
regulation of the hypothalamic-pituitary-adrenal
axis and by reducing pain and concomitant use of
opioids.!*® Despite the surge in blood sugar, we found
no increase in infection or wound healing time. Also,
there was no difference in LOS. However, our findings
may be limited due to the type of surgery which has
lesser tissue handling and thus less pain and a better
recovery profile. Herbst et al. showed that perioperative
steroids were associated with a 20% decrease in the
LOS which may be due to reduced postoperative
pain and nausea and subsequent reduced opioid
requirements.!

Perioperative hyperglycaemia occurs in 20-40%
of post-surgical patients. Around 12-30% of these
patients are non-diabetics before the surgery and
anaesthesia. Of these, 30-60% develop impaired
carbohydrate intolerance and 60% develop diabetes in
one year."” However, a single dose of dexamethasone
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had minimal side effects and was not found to
influence adrenocorticotropic hormone or cortisol
secretion in the perioperative period.??" Whilst
there are data to show that dexamethasone use in the
perioperative period raises blood glucose levels, there
are almost no published data on the effects of this drug
on postoperative morbidity and mortality in patients
undergoing non-cardiac surgery.” The present study
has two major strengths. The data was collected for 72
hours postoperatively, taking into account the duration
of action of dexamethasone. The study population
included only patients undergoing middle ear surgery,
ensuring uniform surgical stress. However, the
assessment of SSIideally needs monitoring for up to 30
postoperative days.!?”! The failure to derive inferences
about SSI was a major limitation of our study. Only
non-diabetics were included in this study. Hence, the
effects of a single dose of steroid cannot be generalised
to pre-diabetics or diabetics. We recommend that this
area warrants further large-scale studies. Although
steroid pre-treatmentrepresents a potentially important
biological modifier of perioperative inflammatory
responses and organ dysfunction, a safe single dose of
prophylactic perioperative dexamethasone is yet to be
determined.

CONCLUSION

A single dose of dexamethasone given perioperatively
produces a higher, earlier and prolonged increase in
postoperative sugar levels in non-diabetic patients.
The steeper and prolonged surges in blood sugar
levels seen with even a single dose of dexamethasone
indicate the need for prolonged monitoring and
judicious dosing. Considering the dose-dependent
relationship between hyperglycaemia and major
postoperative complications, the administration of
even a single dose of dexamethasone must be done
with caution.
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Clinical Communication

Appropriateness of red cell
transfusion practices in an
intensive care unit: A prospective
observational study

INTRODUCTION

The anaemia of critical illness is commonly managed
with red blood cell (RBC) transfusions and recent
studies have shown that up to 50% of such patients
receive RBC transfusions.™

Traditionally, the decision to transfuse RBCs often
rested on insensitive markers of oxygen delivery and
consumption like the haemoglobin (Hb) level or the
haematocrit. But the physiological responses that
are normally activated when the Hb concentration
drops below a critical limit may be blunted in critical
illness.’”! The hazardous nature of RBC transfusions,
involving both infectious and non-infectious
complications, is also well known. Therefore, it is
evident that multiple factors should be considered
when making the decision to transfuse RBCs in
critically ill patients.

Even though there are widely accepted guidelines
for RBC transfusion, a worldwide survey showed
a variation in Hb thresholds for transfusion among
sub-populations in the intensive care unit (ICU),
deviating from these principles. ICU-specific transfusion
guidelines were also found to be lacking in the majority
of ICUs in this survey.”! As there were such variations
in transfusion practices, an audit of the prevailing
transfusion practices in our ICU was undertaken, after
which, the criteria laid down by the British Committee
for Standards in Haematology (BCSH) in 2012 were
applied to judge the appropriateness of the transfusion
practices.

METHODS

This prospective study was done in the ICU of a
medical college hospital and included all the adult
patients over 18 years of age who received packed
RBCs or whole blood transfusions during their
ICU stay, over a period of one year. The study was
approved by the research and ethics committee of the
institution and was conducted in accordance with the
principles of the declaration of Helsinki. Jehovah’s

witnesses (inability to receive transfusions) and
patients less than 18 years of age were excluded. Based
on a population size of 650 admissions to the ICU
per year, a hypothesized frequency of inappropriate
transfusions of 20% = 5, and confidence level 95%,
the formula: n = [DEFF*Np (1 — p)J/[d*/Z*, _ ,*(N — 1)
+ p*(1 — p)] (n = sample size, DEFF = design effect,
Z = critical value, p = expected prevalence, d = margin
of error) was used to calculate the sample size. The
sample size was found to be 179, and it was rounded
off to 200. A transfusion event was considered to have
occurred when any packed RBC or whole blood was
transfused at any time during the patient’s ICU stay.
Each transfusion event was considered an independent
one and was evaluated independently of earlier
transfusions, even if it was in the same patient. In case
of more than one indication applied to an event, it was
taken to be multifactorial. Data regarding transfusions
over the previous day (12 midnight to 12 midnight)
was collected daily as per the study protocol, until
discharge from, or death, in the ICU. The Statistical
Package for the Social Sciences version 21.0 software
was used. Descriptive statistics were used and data
were represented as means * standard deviation.
Student’s t test was used to analyse the collected data.
Finally, the transfusion appropriateness was assessed
as per BCSH (2012) guidelines.

RESULTS

The study population comprised 200 adult patients,
and a Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) chart was used
for the study. Over a period of one year, 332 units of
packed RBCs/whole blood were used for transfusion
in this group. Amongst these 200 patients,
112 (56.00%) patients were male and 88 (44.00%)
patients were female, with a male-to-female ratio of
1.2:1, and mean age of 52.72 = 18.03 years. More than
half of the patients (65.5%) belonged to the medical
category, followed by emergency surgical (17.5%)
and trauma (11.5%). Further categorisation of the
patients showed that the majority were admitted
under the various medical specialities (33.5%, 12%,
and 10% under general medicine, neurology, and
nephrology, respectively). General surgical category
included 16% patients. Patients admitted under all
the other specialities were less than 10% in each
category. A mean acute physiology and chronic
health evaluation (APACHE) II score of 23.36 + 6.89
was recorded in the patients on admission to the
ICU.
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While 19.5% (39) of the patients had ischaemic
heart disease/cardiac failure, only 7.5% (15) had
an acute coronary syndrome. Most of the study
population (86.5%) did not have any evidence of any
acute intracranial pathology, although comorbidities
like diabetes mellitus and systemic hypertension were
present in 76.5%.

Even though only 7% had active bleeding on admission,
41.5% of the patients had evidence of recent blood
loss prior to admission and 26.5% were postoperative
patients. Majority of the patients (72.5%) had evidence
of tissue hypoxia (lactate >4 millimoles per litre/cool
peripheries/delayed capillary refill/peripheral cyanosis
or mottling/low central venous oxygen saturation) on
admission, with 69% of these requiring circulatory
support. Our study population had a high requirement
for mechanical ventilation (82.4%), although renal
replacement therapy was needed only in 36.5%.

Out of the 332 transfusion events, 99.4% of
transfusions were done with packed red cells and
whole blood was used only in 0.6%. The Hb level
on ICU admission and pre-transfusion are given in
Table 1. The post-transfusion change in Hb level was
also noted with the Hb level increasing by 1 to 5 gm%
in the majority (66.9%), less than 1 gm% increase
in 31.6% of patients, and more than 5 gm% in the
remaining 1.5% of patients.

The mean Hb on ICU admission was 8.98 * 2.24 g/dL
and pre-transfusion Hb was 7.72 + 1.19 g/dL. Most of
the patients (78.5%) were transfused within the first
week of ICU admission and in the remaining 21.5%,
transfusions took place after the first week with the
mean transfusion requirement per patient being
1.57 = 0.81 units.

Transfusion related complications were minimal, with
an allergic reaction in 0.3% and transfusion-associated
circulatory overload (TACO) in 3.6%, while there
was a mortality of 22.5% (45 patients) in the study
population.

A total of 332 transfusions were carried out in
200 patients, and 36 of these (10.8%) were deemed
inappropriate [Table 2]. Amongst these 36 transfusions,
29 were carried out at a Hb level between 7 and
10 g/dL despite the absence of tissue hypoxia/acute
coronary syndrome/traumatic brain injury or septic
shock, and in the remaining seven cases, at a Hb level
of >10 g/dL.
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Table 1: Hb on ICU admission/Change in Hb level

Hb level (g/dL) Hb on ICU admission Pre-transfusion Hb
Percentage (%) Percentage (%)

Less than 7 15.5 22.9
7-10 57.5 75
More than 10 27 2.1
Total 100 100

ICU: Intensive care unit; Hb: Haemoglobin

Table 2: Appropriateness of transfusion

Appropriateness Percentage (n)

Appropriate 89.2 (296)
Inappropriate 10.8 (36)
Total 100 (332)
n=number

DISCUSSION

This study was carried out to examine the

appropriateness of RBC transfusion in critically
ill patients admitted to the ICU. The patients had a
mean APACHE II score of 23.36 + 6.89 on admission
with 72.5% having evidence of tissue hypoxia.
They also had a high requirement for supportive
therapies like circulatory support (69.0%), mechanical
ventilation  (82.5%), and renal replacement
therapy (36.5%).

On admission, a mean Hb level of 8.98 = 2.24 g/dL
was recorded amongst the patients. A geographical
variation in baseline Hb level on admission has been
demonstrated in an audit by Vincent et al.,’! where
the percentage of patients with Hb <7 g/dL (on ICU
admission) ranged from 12% in Africa to 3.5% in
Western Europe. The lower Hb value on admission
in our study population could be related to this
difference. The mean Hb value in our patients dropped
from 8.98 + 2.24 g/dL on ICU admission to 7.72 =+
1.19 g/dL prior to transfusion, as expected in critically
ill patients.!® Since more than half (57.5%) of our
patients were anaemic on ICU admission (as defined
by the Hb level), with the majority in shock, and with
evidence of tissue hypoxia, the use of blood as part
of the ongoing resuscitation process and the need
to correct the pre-existing anaemia in many of these
patients possibly led to 78.5% of the study population
being transfused within the first week. Most of our
patients (96.1%) did not have any complications due
to the red cell transfusions, although 3.6% of the
patients developed TACO. Among the 200 transfused
patients in our study, 22.5% expired. A worldwide
audit also found a comparable mortality rate of
21.5% in critically ill patients who received blood
transfusions.”
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A total of 36 transfusions (10.8%) were found to be
inappropriate in the current study [Table 2]. A two-year
Canadian study showed that more than half of red cell
transfusions in the ICU do not comply with established
guidelines.”? A worldwide audit proved that there was
considerable variation in transfusion practices among
different geographic regions, though studies on ICU
transfusion practices from the developing countries
were few.”)

Studies from as far back as 1999, proved the
advantages of restrictive red cell transfusion strategies
in managing the anaemia of critical illness (with some
exceptions).”! In the ensuing two decades, multiple
transfusion guidelines were formulated incorporating
a restrictive transfusion strategy, with even the most
recent clinical practice guidelines supporting this
strategy.l”? Moreover, in developing nations, blood bank
practices may not follow the same stringent standards
of screening for infectious diseases uniformly, as in
western countries. This is evident from a recently
published article on transfusion transmitted
infections (TTIs), which describes the transfusion of
blood contaminated with a rare organism.!'” Another
Indian study pointed out the higher rate of cancer
recurrence in surgical oncology patients, who received
blood transfusions," which is thought to be due
to transfusion-related immunomodulation (TRIM).
Hence, over the years, restrictive transfusion guidelines
have been widely accepted all around the world, but
strict adherence to the same is still not universally
practised.

Even though transfusion guidelines from western
nationsarewidelyfollowed, dataon theappropriateness
of transfusion based on the BCSH 2012 guidelines
are not available from Indian ICUs. On comparing
the data with that from western studies, it was found
that the rate of inappropriateness was much less in
our ICU. This could be because we followed strict
evidence-based red cell transfusion practices in our
ICU, indicating that it is possible to meet the standards
laid down by accepted guidelines even in a developing
country like ours.

CONCLUSION

The red cell transfusion practices in our study
population were as good as, or even better than most
western studies, and adhere to accepted guidelines as
in BCSH 2012, which have stood the test of time ever
since they were formulated.
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Clinical Communication

Neurovascular complications
related to nerve stimulator-guided
lumbosacral plexus block for
proximal femur nailing in geriatric
patients—A retrospective study

INTRODUCTION

Closed reduction and internal fixation (CRIF)
with proximal femur nail (PFN) performed under
lumbosacral plexus block (LSPB) as a sole anaesthetic
technique has proved feasible. It is relatively safe
in terms of maintaining stable haemodynamics and
avoiding a general anaesthetic. We conducted this
retrospective study to record the neurovascular
complications related to nerve stimulator (NS)-guided
LSPB in geriatric patients who underwent PFN.

METHODS

For this retrospective study, institutional ethics
committee approval (IEC-SIOR/060) was obtained,
and the study was conducted in accordance with
the principles of the declaration of Helsinki.
Medical records of patients aged above 70 years,
who underwent CRIF with PFN under NS-guided
LSPB as a sole anaesthetic technique at a tertiary
care teaching hospital, were reviewed. The cases
where block could not be performed or recorded
neuropathy due to other reasons were excluded. The
primary objective was to identify the incidence of
peripheral nerve injury (PNI) from NS-guided LSPB
for PFN surgery in geriatric patients. The secondary
objectives included severity and recovery from PNI,
incidence of vascular and other complications. The
records were reviewed for mention of postoperative
neurological events from 24" hour until the patient
was discharged from the hospital, vascular punctures
during the block or haematoma post block, epidural
spread and conversion to a general anaesthetic. The
patient’s physical characteristics, block procedural
data, local anaesthetic (LA) volume used, block
outcomes, complications and postoperative outcomes
were recorded. Once the block was established,
surgery proceeded in the same lateral decubitus
position without a fracture table. Following surgery,
the patients were monitored for neurological recovery.
The postoperative surgeon’s and physiotherapist’s

notes were also reviewed. If neurological weakness
persisted after 24 hours of surgery, a neurological
evaluation and neurology consultation was obtained
as per the institute’s protocol.

The records satisfying inclusion and exclusion,

etween January 2015 and July 2020, were reviewed
manually. Records detailing any complication
were segregated and further scrutinised. For each
complication, the incidence was presented using
point estimates and 95% confidence interval (CI), with
number of complications as the numerator and total
records reviewed as the denominator.

RESULTS

A total of 1920 PFN procedures had taken place over
the study period of which the records of 146 patients
had satisfied the inclusion and exclusion criteria. This
included 92 males and 54 females, with a median (25—
75" percentile) age of 85 (76—94) years [Table 1]. All
blocks were performed by a single anaesthesiologist
with an experience of more than 25 years in regional
anaesthesia. The block technique was as described by
Diwan et al."! All patients were in the lateral decubitus
position, and a 21 gauge/100 mm (Pajunk®, Germany)
NS needle was used to perform both the blocks
separately. A standard quadriceps response for lumbar
plexus (LP) and either dorsi or plantar flexion of the
foot for sacral plexus (SP) was evoked at a current
between 0.4 and 0.2 milliampere. After a negative
test dose (5 ml of 1% lignocaine), 20-22 ml of 0.5%
bupivacaine with 30 ug of clonidine and 10-12 ml of
0.5% bupivacaine were injected using compressed
air injection technique™ at LP and SP, respectively.
The records of 24 patients (16.4%) included recorded
complications related to the LSPB block. None of
the records showed more than one complication
occurring in the same patient. Procedural data of
lumbar block revealed three reports of vascular
puncture (2%; 95% CI, 0-4%) and one case with a
psoas haematoma following LP block (0.6%; 95% CI,

Table 1: Demographic data

Parameter Value

Age (median with 25" to 75" percentile) 85 (76-94) years
Gender (male/female) (n) 92/54
Weight (meantstandard deviation) 62.7+4.5 kg
Duration of surgery (meanzstandard deviation) 37114 minutes
Type of fracture: subtrochanteric/ 67/82
intertrochanteric (n)

Comorbid conditions (n) 24/15/8*

*Diabetes mellitus/spine instrumentation/spinal stenosis. n: number of cases
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0-2%), detected by ultrasound done for examination
of quadriceps weakness in the postoperative period. In
11 patients, the intraoperative notes revealed a weak
knee flexion on the non-operative side, indicating
probable epidural spread (7.5%; 95% CI, 3.2-11%);
nevertheless, none of the patients required a general
anaesthetic for the completion of surgery. In five
patients, hypotension (blood pressure drop more than
20% from baseline) was noted, and all these happened
to be the patients with epidural spread. Hypotension
was managed with fluids.

There were nine patients with PNI (6.2%; 95% CI,
2-10%) with five cases (56%) having quadriceps
weakening and four (44%) cases with footdrop.
Nerve conduction studies revealed axonal injuries
in the femoral nerve (femoral neuropathy) in the
five patients with quadriceps weakness and sciatic
nerve (sciatic neuropathy) in the four patients with
footdrop [Figure 1]. Of the nine cases, five had type II
diabetes, three of them had spinal canal stenosis, and
one case had a prior spine instrumentation surgery at
the lumbar region; however, none of these cases had
any overt neurological systems. Following neurologist
consultation, all these patients were enroled in the
institution’s comprehensive rehabilitation programme
and received oral serotonin norepinephrine reuptake
inhibitors. Out of five patients with femoral
neuropathy, two patients recovered with 90-95%
quadriceps muscle strength by the third month, while
three patients recovered by the sixth month. In the
four patients with sciatic neuropathy, three of them
had 90-95% recovery from foot drop between the
7% and 8™ month; however, in one patient, only a
partial recovery[50%] was evident by one year.

DISCUSSION

Regional techniques provide distinct advantages
over general anaesthesia,’! and peripheral nerve
blocks can avoid hypotension caused by central

| 9 patients reporting PNI |

5 in the Femoral Territory 4 in the sciatic territory

2 patients recovered by
3 months

3 recovered by 7t -8
month

3 patients recovered by
6 months

1 recovered partially
after a year

Figure 1: Flowchart of the patients with PNI. PNI: Peripheral nerve
injury
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neuraxial blockade, which geriatric patients with
hip fractures may be prone to." In this single-centre
cohort of 146 elderly patients who underwent PFN
with a single bolus NS-guided LSPB, we observed
a 6.2% [9/146 patients] incidence of neuropathies.
Inadvertent intravascular placement of the needle tip
was detected in five patients, and post block psoas
haematoma was detected in one patient.

Three factors contribute towards a PNI in orthopaedic
surgeries, namely surgical, patient or block related. The
surgical technique of PFN does not affect the LP and
SP components unlike the total hip replacement. The
surgeries were not performed on a fracture table, and the
limb traction was applied by an assistant orthopaedic
surgeon, so perineal post and traction-related injuries
could have played a minor role. Elderly patients with
multiple comorbid conditions may have an underlying
component of neuropathy. Subclinical neuropathy
affects 50% of diabetics,™ and nutritional deficiencies
are common in the geriatric cohort [15-40%], leading to
sensory-motor dysfunction.”? A plausible explanation
for PNI could be the double-crush phenomenon, which
states that when an insult occurs to a damaged nerve,
the consequential neuropathy may be more severe
and out of proportion to the insult.”! It is interesting
to note that all the patients with reported PNI in this
cohort had a pre-existing comorbid condition with the
risk of neuropathy. Five out of 24 diabetics (20.1%),
1 of 15 (6.7%) patients with spine instrumentation
and 3/8 (37.5%) patients with spinal canal stenosis
had PNI. Nonetheless, larger, prospective studies are
required to correlate the interaction between block
related PNI and comorbid conditions. Pre-operative
exclusion of a subclinical or clinical neuropathy may
not be always possible in patients presenting with
fractures. However, since the technique involves two
separate plexuses which are technically difficult to
access, it becomes imperative to exclude a pre-existing
neuropathy related to a prior metabolic or neurological
disorder as much as possible.

With NS-guided blocks, the stimulating current does
not always exclude an intraneural needle placement,
and the PNI is known to increase in difficult
anatomy.® Despite a meticulous injection technique
performed by an experienced anaesthesiologist, the
incidence of PNI was high. A needle-nerve contact
leading to paraesthesia-related inflammation and
local anaesthetic-related neurotoxicity can also
attribute to PNLF Our observations reveal a higher
incidence of PNI compared to literature, possibly due
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to the small cohort of a primarily geriatric population.
Additionally, these studies mention the incidence of
complication in landmark-based technique with no
mention of needle-nerve contact for the LP block.[%
Our observations suggest that geriatric patients may
pose a higher risk for PNI; however, larger prospective
studies are required to investigate this association.

The vascular structures are in close proximity
to the target nerves,'! and even though vascular
injury is reportedly rare in this block, it is not
impossible and when undetected can be devastating,
considering the difficulty in applying external
compression." Though vascular punctures were
identified in 5/146 patients (four in lumbar and one in
sacral), the needle tip was withdrawn and redirected
to obtain neurostimulation followed by a successful
block with no further consequences. The geriatric
population requiring prophylactic anticoagulant
therapy to prevent deep vein thrombosis would
require meticulous needle placement in the lumbar
paravertebral area with continued vigilance during
LSPB. This would enable the early detection of
complications.'V  Application of dual modality,
ultrasonography and neurostimulation, may improve
the safety profile of the LSPB by avoiding multiple
re-directions. However, one must be aware that in
patients more than 65 years of age, the topographical
change in the lumbar paravertebral area may
complicate the visualisation of neural targets.!*?!

The major limitations of this study are that it includes
retrospective data of a small cohort from a single
centre. The strengths include observation with a
similar surgical stimulus in all patients and aggressive
follow-up protocols by the entire perioperative team to
detect the complications.

CONCLUSION

This study revealed a high incidence of PNI (6.2%)
with landmark-based neurostimulation-guided LSPB
in geriatric patients with multiple comorbidities.
Recovery from the PNI took place within 6 months to
a year with physiotherapy. The incidence of vascular
complications was less (0.6%) with this technique.
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Letters to Editor

Anaesthetic management of a
patient for cervical sympathetic
chain schwannoma excision

Sir,

We present a case of a 57-year-old asymptomatic
Chinese lady with a two-month history of a solitary,
pulsatile and painless swelling at the angle of the
left mandible with unremarkable neurological and
diagnostic nasal endoscopy examination findings.
Magnetic resonance imaging of the neck revealed
a3 X 2 X 4 cm left carotid space mass splaying the
internal and external carotid arteries with a working
diagnosis of cervical schwannoma.

On the day of surgery, adequate blood products were
arranged. Bilateral large bore intravenous cannulae and a
20-gauge radial intra-arterial line were inserted. She was
intubated with a size-7 electromyogram endotracheal
tube to facilitate recurrent laryngeal nerve monitoring.
Bilateral cerebral oximeters were also used, anticipating
potential carotid clamping, and the baseline regional
cerebral tissue oxygen saturation (rSO,) values were
recorded. A target controlled infusion of remifentanil
was used for maintaining haemodynamic stability.

A trans-cervical approach was performed. A left-sided
smooth lesion was found arising between the two
ends of the sympathetic trunk, located between the
internal carotid artery (ICA) and external carotid
artery (ECA) anteromedially and the internal jugular
vein (IJV) postero-laterally, and found arising from a
nerve branch of the cervical sympathetic chain. The
mass was carefully excised with preservation of the
surrounding structures [Figure 1].

The intraoperative haemodynamics of the patient
were maintained by keeping baseline mean arterial
pressure and correcting the rS0, values if they
dropped more than 20% from the baseline. The
patient was subsequently extubated and transferred
to the high-dependency unit for closer monitoring.
Post-operatively, she developed left-sided anhidrosis
and miosis but remained otherwise well. Histological
results confirmed schwannoma with the presence of
ganglion cells and nerve fibres.

Up to 45% of schwannomas occur in extra-cranial
sites in the head and neck regions, with the lateral

Internal Jugular
Vein (V)

Figure 1: Intraoperative photograph of the schwannoma with careful
preservation of surrounding vital structures as labelled

neck being most frequently involved. They present
typically in adults of either gender between 20 and
50 years of age.[' Most schwannomas are asymptomatic
and progress slowly, frequently arising from the
glossopharyngeal, accessory or hypoglossal nerves
and rarely, the vagus nerve.

Cervical sympathetic chain schwannomas (CSCS)
confer a diagnostic conundrum due to their
nonspecific clinical signs. The main features that
distinguish a sympathetic chain tumour are its usual
location and compression of adjacent vessels. CSCS
commonly arise from the superior or middle ganglia
of the cervical sympathetic chain C1-6, displacing
the surrounding structures (ICA, ECA, IJV and vagus
nerve) anterolaterally. Separation of the IJV and ICA,
and cough produced on palpation of the mass suggest
a vagal schwannoma. Radiological modalities®
are useful to delineate lesions from retro-styloid
compartments of the para-pharyngeal space such
as carotid body tumours® or paragangliomas of
the vagus nerve or carotid body. Unfortunately, the
conclusive diagnosis is usually made after surgery
with histological evaluation.

The anaesthetic management should include
pre-operative  multidisciplinary  discussion  to
determine the most likely diagnosis. Intraoperative
considerations include potential haemodynamic
volatility from baroreceptor damage, carotid sinus
manipulation or direct vagal stimulation, with literature
describing severe bradycardia or cardiac arrest during
manipulation of large vagal schwannomas.! Carotid
sinus manipulation can result in reflex bradycardia
and hypotension whilst manipulation of carotid body
masses and baroreceptor failure may lead to significant
hypertension. There is also a risk of torrential bleeding
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due to vascular injury, potentially necessitating carotid
artery clamping and the consequent risk of cerebral
ischaemia.

A superficial cervical plexus block can be considered
pre-induction as it provides reliable perioperative
analgesia and reduced sympathetic stimulation
without a significantly increased risk.”! Intraoperative
monitoring of the vagus nerve requires avoidance
of neuromuscular blocking agents and the use of
a specialised tube. If the carotid artery is clamped
intraoperatively, blood pressure should be raised
transiently to improve the collateral contralateral
circulation along with the institution of appropriate
measures for cerebral protection.

Cranial nerve palsies and Horner’s syndrome
can occur post-resection due to nerve damage
or post-operative oedema. Other complications
include Pourfour du Petit syndrome!® due to
hyperstimulation of the cervical sympathetic chain
and first-bite syndrome® from the loss of parotid
gland sympathetic innervation which manifests as
jaw pain on mastication requiring specialised pain
management.

In conclusion, managing a patient with a lateral
neck mass can be challenging, and excision of the
CSCS will require deliberate multidisciplinary
perioperative planning to ensure the safe conduct of
the surgery.
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Lockdown Innovation -SAMBU -
Through the wild eyes and

by the disciplined mind of an
anaesthesia resident

Sir,

Innovations in health care are costly and
time-consuming. In addition to that, India being a
developing country, has limited financial resources.
The scope of postgraduation in anaesthesiology is
so abundant that the residents can use their wild
minds and disciplined eyes to create life-saving yet
cost-effective devices. Some of the new ideas designed
to minimise aerosol generation during the corona virus
disease-19 (COVID-19) era included aerosol boxes,*?
corona curtains,® railway coaches transformed into
COVID-19 care centres,!*! face shields made out of
transparent over-head projector display foil, bacterial/
viral filters attached to an anaesthesia face mask and
many more.?!

During the final year of my postgraduation, I made
a no-cost manual resuscitator by the name ‘SAMBU
— Sathya’s artificial manual breathing unit * from
an empty intravenous fluid bottle. The materials
required were one intravenous fluid plastic bottle
(1 L bottle for adults and 500 mL for children, one
right-angled connector and two syringe caps). The
bottle being compliant, recoiled easily with oxygen
or even room air. A round incision was made
on the hanging side of the bottle along the inner
diameter of the hook, and a circular opening was
created. A right-angled connector was inserted in
the opening which fitted snuggly with no air leak.
One syringe cap was inserted onto the nozzle of the
injection port through which oxygen tubing from
the flow metre or room air can enter and one more
syringe cap was inserted as a side vent for carbon
dioxide [Figure 1].

‘SAMBU’ can be used in situations like in a remote
healthcare facility where there is no/limited availability
of the AMBU and it is being required by more than one
patient or during travel for unanticipated emergencies
requiring resuscitation. It can be used to generate
positive-pressure ventilation temporarily till a definite
solution arises. My experience with SAMBU involved
its testing in test lungs and also in mannequins. To
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Figure 1: ‘'SAMBU’ —Outline design and equipment. ET: endotracheal;
CO,: carbon dioxide

date, there have been no instances in real life which
required the use of the 'SAMBU' in a living patient.
Efforts are being made for filing the patent rights of
‘SAMBU’.

The shortcomings of this device are that most of the
intravenous fluid bottles come in a volume of 500 ml
and deliver less than the required tidal volume in
adults, whereas an intravenous bottle of a capacity
of 1 L or more for manual resuscitation is required
for making the ‘SAMBU’. Manual resuscitators
in general carry a high risk of aerosol generation
if used in COVID-19 patients with unprotected
airways.!” The ‘SAMBU’ can also be a lifesaver in
emergency situations like ventilating patients with
a cricothyroidotomy. Nevertheless, as the famous
saying goes, ‘Necessity is the mother of invention’, the
COVID-19 pandemic has encouraged doctors to create
innovative ideas to meet their needs. Innovations are
the cornerstones in the amelioration of anaesthesia
practice including the improvement of patient safety
and outcomes.
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Importance of ultrasound for
central venous cannulation in
detecting anatomical aberration
in the neck

Sir,

Ultrasound has been the gold standard in cannulating
central veins and now has been incorporated as
a mandatory standard.! The use of ultrasound
has resulted in enhanced safety and reduced
complications.** Despite using ultrasonography, rare
abnormal anatomy can misguide the clinician if he is
not aware about the underlying anatomic pathology.?!

We present a case of a 65-year-old patient with
sub-acute intestinal obstruction who underwent
colonic bypass (antesternal route) for oesophageal
stricture following corrosive injury 30 years ago and
needing a central line for total parenteral nutrition.

After the routine protocol (consent, asepsis, etc.), a
linear probe covered with a sterile sheath was placed on
the right side of the neck to identify the internal jugular
vein (IJV). Three hypoechoic circular structures were
visualised, out of which two were easily compressible
with the probe (jugular veins), and the third was
pulsating. The carotid artery was most medial.
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After local anaesthesia was administered using
a 26 G long needle, and when the central line
puncture needle was about to be introduced using the
ultrasonography guide, it was noted that the lateral
hypoechoic circular shadow moved medially, but
was easily compressible. It was suspected to be the
colonic shadow mimicking the IJV. Needle insertion
was avoided, and expert help and opinion called for.
It was confirmed that the hypoechoic compressible
shadow was indeed the colonic shadow. The IJV
was compressed antero-laterally and was confirmed
by colour Doppler [Figures 1 and 2]. Successful
cannulation of the right IJV was completed without
any complications subsequently.

Figure 1: Colonic hypoechoic shadow following colonic pull-up
mimicking vascular structures
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Figure 2: Distended bowel loops in the neck with central venous
catheter inserted

Ultrasound is thus an invaluable tool for all central
venous cannulations as it helps in delineating not
only the anatomical variants but also the abnormal
post-surgical anatomy; however, clinical correlation
should not be ignored.

One has to be aware that not all compressible structures
in the neck are vascular structures. It is important to
understand the underlying pathology and identify the
coincidental pathologies like cystic lesions in the neck
which may mimic vascular structures to avert central
line insertion-related complications.

Understanding the altered post-surgical sono-anatomy
to avert major complications is an important lesson
learnt from this case. Ultrasound is an invaluable
tool to detect anatomical aberrations and to minimise
central venous cannulation-related complications.
Nevertheless, in the case presented, despite using
ultrasound, there was a potential to puncture the
colon with the introducer needle or entering the IJV
through the colon and the possibility of the ensuing
cascade of complications.

Declaration of patient consent
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Anaesthetic management of
disseminated intravascular
coagulation associated with
abruptio placentae and
intrauterine death

Sir,

Abruptio placenta can lead to rapid separation of the
placenta and result in foetal demise.[*?! Secondary to
abruption, disseminated intravascular coagulation
(DIC) can occur due to inappropriate activation of the
coagulation and fibrinolytic system.*#

We present a case of a 33-year-old gravida 3 para 2 and
live 2 at 22 weeks of gestation with pregnancy-induced
hypertension (PIH), who presented to the emergency
room with bleeding per vaginum. She was conscious
and oriented with a heart rate (HR) of 110 beats/
min and a blood pressure (BP) of 100/60 mmHg. On
examination, foetal heart sounds were absent. Ultrasound
examination confirmed foetal demise. She was planned
for emergency hysterotomy and evacuation. Point-of-care
investigations revealed a haemoglobin level of 10.5 g/
dL and a platelet count of 1 lakhs/uL. Samples were
sent for blood grouping, cross-matching, prothrombin
time/international normalised ratio (PT/INR), activated
partial thromboplastin time (APTT), fibrinogen and
D-dimer. The patient was shifted to the operation theatre;
standard preinduction monitors, an arterial line and
two wide-bore 16G intravenous lines were secured. Her
HR increased to 140 beats/min and her BP dropped to
90/40 mmHg. Rapid sequence induction was achieved
with intravenous glycopyrrolate 0.2 mg, fentanyl 100 ug,
ketamine 100 mg and succinylcholine 100 mg. The
patient was intubated with a 7 mm cuffed endotracheal
tube. Anaesthesia was maintained with isoflurane and
atracurium. The uterus was evacuated and adequate
contraction was achieved with oxytocin infusion, but
oozing from the surgical site continued with no bleeding
from other sites. The approximate blood loss was around
2.5L. Laboratory reports showed a PT/INR of 3.72, APTT
of 52/32, D-dimer >20 and fibrinogen value less than
50 mg/dL. Thromboelastography (TEG) revealed delayed
clot formation and poor strength [Figure 1a]. Three units
each of packed red blood cells (PRBCs), fresh frozen
plasma (FFP), random donor platelets and 5 units of
cryoprecipitate were transfused. Calcium gluconate (20

Indian Journal of Anaesthesia | Volume 66 | Issue 11 | November 2022

Figure 1: (a) Intraoperative TEG. (b) Postoperative TEG

mEq) correction was given based on arterial blood gas
results. The abdominal wound was closed after placing
a drain. The patient was extubated on the table. In the
recovery area, her BP increased to 180/100 mmHg and
she was started on labetalol infusion. TEG repeated in the
postoperative period showed normal values [Figure 1b].
The haemogram on the first postoperative day showed 6.9
g/dL, platelet 70,000/uL, fibrinogen 200 mg/dL and PT/INR
1.37. One unit of PRBCs was transfused. Labetalol infusion
was tapered. The postoperative period was uneventful,
and the patient was discharged on the fourth day.

Premature placental separation is common in women
with PIH, trauma, advanced maternal age and uterine
anomalies. DIC is a consumption coagulopathy, and a
high index of suspicion for deranged coagulation has to
be kept in mind. It can be confirmed by platelet count,
PT, APTT, fibrin degradation products (FDPs), D-dimer
and TEG. FDP is a sensitive test, whereas the D-dimer is
more specific for DIC.”! Early detection and aggressive
management with crystalloids, PRBCs, FFP, platelets,
cryoprecipitate and prompt surgical intervention under
general anaesthesia are vital to avoid multiorgan failure.™
The need for viscoelastic point-of-care testing and the
availability of blood products for managing patients
with DIC is of paramount importance. TEG helps in the
early diagnosis and management of coagulopathy as PT/
INR and APTT delay resuscitation. Appropriate blood
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components as per the finding of TEG help to prevent
fluid overload in preeclamptic parturients. Inline
fluid warmers are used to avoid hypothermia. The
haemolysis of the transfused red blood cells can cause
hyperkalaemia, leading to arrhythmias and cardiac
arrest. Hence, follow-up of the potassium and calcium
values by arterial blood gas sampling is advisable. The
response to therapy is monitored clinically and by
repeated tests. If all measures fail, the administration of
recombinant activated factor VII should be considered.

The rate of recurrence of abruption in the subsequent
pregnancyis5.8%,andhence,pre-conceptionalguidance,
early diagnosis and treatment are needed to prevent
maternal morbidity and mortality.” Nevertheless, once
DIC develops, early recognition, specific treatment and
repeated tests with aggressive correction of coagulation
and electrolyte imbalance along with avoidance of
hypothermia and metabolic acidosis help in preventing
multiorgan failure and mortality.
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Appendectomy at world’s highest
altitude operation theatre in a
remote set-up: A rare anaesthetic
scenario and a short literature
review

Sir,

Approximately 140 million people worldwide live
permanently at altitudes greater than 9,000 feet
and many of them might require surgical care. We
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describe a case of an emergency open appendectomy
in a high-altitude environment in an underground
in an austere

dug-in forward surgical centre

environment.

A 27-year-old male patient residing at an altitude
of 16,000 feet was posted for emergency open
appendectomy. The nearest tertiary care hospital
was 1,000 km by road and the weather was not
conducive for air evacuation. The patient was well
acclimatised, residing there for the last 4 months,
with an oxygen saturation of 98% on room air. He was
taken up for surgery under spinal anaesthesia (SA).
A spinal dermatomal blockade up to T6-T8 level
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was achieved with 3.0 mL (15 mg) bupivacaine
(hyperbaric). SA was later supplemented with
general (GA), as the appendix was subhepatic, with
intravenous (IV) midazolam 75 ug/kg, fentanyl 100
ug, propofol 5 mg/kg, and ketamine 3 mg/kg in
incremental doses as the appendix was subhepatic.
Controlled mechanical ventilation was delivered via
a mechanical ventilator (Neptune) and using i-gel
size 4. The oxygen saturation was maintained at
100%. The duration of surgery was 4.5 h and the FiO,
was maintained at 100% throughout. The patient
was haemodynamically stable. Post-operative
oxygen supplementation was given via a face mask
at 5 L/min for 4 h and IV paracetamol 1 gm was
given 8 hourly. Oxygen saturation remained at 99%
and the postoperative recovery was uneventful.

The physiological effects of high altitude exposure
are mainly a reduction in the inspired partial
pressure of oxygen (PaO,), ambient pressure, and
gas density.l! Long-term residents may have higher
haematocrit and pulmonary hypertension, lower
partial pressure of carbon dioxide, and bicarbonate
concentrations.?! Because of the reduced PaO,,
the risk of perioperative hypoxia is likely to be
increased, particularly in persons who have
recently ascended to such an altitude. Nevertheless,
delayed awakening, bladder and bowel distension,
and postanaesthetic headache with nausea have
been reported after GA due to perioperative
hypoxia at high altitude. Literature reveals that
the delivered percentage of volatile anaesthetic
increases with ascending altitude; however, its
partial pressure remains constant and the floating
bobbin under-reads the actual gas flow rates in the
flowmeter.'¥! A hypoxic mixture may, therefore, be
delivered to the patient; hence, a concentration
of 100% oxygen should be administered in the
perioperative period. At high altitudes, PaO, is
normally increased by hyperventilation, induced
by the hypoxic ventilatory drive. Anaesthetic
agents and narcotic analgesics can blunt the
hypoxic ventilatory drive and precipitate hypoxia.
Hence, agents that are least likely to suppress
ventilation should be chosen. Furthermore, due to
low temperatures, all intravenous fluids and blood
products should be warmed to body temperature
and care should be taken to prevent fluid overload
keeping in mind the risk of pulmonary oedema.
Nevertheless, a total of 3,000 mL of warmed Ringer’s
lactate was infused intraoperatively in our patient.

Indian Journal of Anaesthesia | Volume 66 | Issue 11 | November 2022

The physiology of spinal anaesthesia at high
altitudes is not well understood and evidence on
this has to build up. Lower pH of the cerebrospinal
fluid has been reported in high-altitude natives.!!
Also, the duration of motor block and sensory block
time with intrathecal hyperbaric bupivacaine have
been found to be higher at sea level compared
with that at moderate high altitude, thus, pointing
toward the need for an increase in the dose
of intrathecal hyperbaric bupivacaine at high
altitudes.! The incidence of post-dural puncture
headache (PDPH) is higher than that at sea level
and is attributed to intracranial pressure changes
that take place. Nevertheless, we used a 25-gauge
Quincke spinal needle and PDPH did not occur in
our patient.

As the risk of infection was high, we got the dug-in
operation theatre (OT) in tent cleaned, fumigated, and
made airtight by placing rocks around the tent. The
outside temperatures were sub-zero (—15 to —20°C)
along with the associated wind chill factor. The OT
was maintained at ambient temperature with the
help of kerosene heaters that were placed away from
the oxygen source. Electricity was supplied with a
generator. The floor inside the tents was uneven, and
the operation table, lights, and monitoring equipment
needed frequent adjustments. Limited manpower in
an unfamiliar environment made the surgery even
more challenging.
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Euglycaemic diabetic
ketoacidosis after bariatric
surgery: A Near-Miss!!!

Sir,

Diabetic ketoacidosis is a well-recognised complication
of diabetes, classically defined as a triad of blood
glucose level more than 250 mg/dL, metabolic acidosis
and ketosis.! However, perioperative euglycaemic
diabetic ketoacidosis (EuDKA) is a rare but serious
adverse effect of sodium glucose co-transporter
inhibitors  (SGLT2Is) with proven improved
cardiovascular and renal outcomes.

EuDKA is a relatively uncommon subset of ketoacidosis
with less marked hyperglycaemia and, hence, easily
missed by both, the patients as well as the physicians.
Bariatric surgery patients on a very low-calorie ketogenic
diet and continuing SGLT2I without establishing
adequate oral intake are prone to EuDKA.™® This case
highlights the importance of preoperative assessment
for early detection of EuDKA and withholding SGLT2Is
preoperatively in these patients.

A 42-year-old female patient, a known case of
type II diabetes, hypertension, and hypothyroidism,
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controlled on medications, was posted for laparoscopic
hiatal cruroplasty with sleeve gastrectomy. She was
on insulin and oral hypoglycaemic agents (OHA)
including empagliflozin (SGLT2I) 25 mg twice daily.
She had a STOP-BANG score of 3/8, body mass index
of 36 kg/m? neck circumference of 41 cm, and a
large tongue.F! Laboratory investigations were within
normal limits with traces of sugar and ketones in urine.
All OHAs were withheld on the day of surgery and
insulin was started as per blood sugar levels (BSLs).™!
Anaesthesia was induced and maintained following
standard general anaesthesia protocols.

Intraoperatively, the patient was kept on
pressure-controlled  ventilation = with  volume
guaranteed mode with a minimum volume of
400 mL and respiratory rate 12-16/min titrated as
per end-tidal carbon dioxide (EtCO,) values between
35-40 mmHg with positive end expiratory pressure
of 3-8 cm H,0 and regular intermittent recruitment.
Intraoperative arterial blood gas analysis done just
before extubation was suggestive of high anion-gap
metabolic acidosis [pH- 7.2, Bicarbonate (HCO,)
5 mEq/L, partial pressure of carbon dioxide (pCO,)
23.8 mmHg, anion gap (AG)- 26.2] and BSL 212 mg%
[Table 1]. Intravenous sodium bicarbonate (NaHCO,)
100 mEq bolus followed by 20 mEq/h infusion along
with insulin (1 IU/mL @ 2 mL/h) infusion was started.
As there was no respiratory element contributing to
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Table 1: Arterial blood gas values

Time point pH HCO, pCO, AG
(mEg/L) (mmHg)

Intraoperative (before 7.21 5 23.8 26.2

extubation)

Postoperative (immediate) 7.24 4.7 23.9 26.2

Postoperative (24 h) 7.29 10.7 27.6 26.7

Postoperative (72 h) 7.34 17.9 32.2 20.6

HCO,:Bicarbonate; pCO,:Partial pressure of carbon dioxide; AG: Anion gap

the acidosis, the patient was extubated, weighing it
against the anticipated risks associated with continued
mechanical ventilation.

In the intensive care unit, the patient was pain-free,
comfortable, and stable. Saturation was maintained on
0.4 fraction of inspired oxygen (FiO,) through Hudson’s
mask. However, EuDKA was persistent. Two hourly BSL
charting was done with continuous insulin infusion
titrated as per BSL, NaHCO, (20 mEq/h) infusions,
adequate hydration (100 mL/h) with Ringer’s lactate,
along with strict input-output charting. The patient
was kept on liquid diet (100 mL/h). The acidosis was
corrected over 72 h.

SGLT2Is cause glucosuria and with increased
glucagon-to-insulin ratio result in increased lipolysis
and fatty acid oxidation and ketone production by
the liver.”! EuDKA typically presents with minimal
hyperglycaemia and dehydration, resulting in a delay
of the appropriate diagnosis in over 50% of cases.
It occurs in the setting of a precipitating event like
decreased oral intake, dehydration, infection, surgery,
and changes in insulin dosage.

This case highlights the importance of withholding
SGLT2Is perioperatively. If EuDKA is missed
perioperatively, it can lead to haemodynamic
instability and the use of unindicated vasoactive
agents and postoperative ventilation. SGLT2Is should
be resumed only after the patient accepts a balanced
diet with adequate fluids.™

To summarise, withholding SGLT2Is before planned
bariatric surgery, ensuring early diagnosis and the
prompt management of EuDKA are required for a
successful outcome.
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