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‘The only thing worse than being blind is having sight 
but no vision’‑ Helen Keller

The growth of any organisation depends upon 
the vision and leadership qualities of those 
managing it. Born in 1953, as the Indian Society 
of Anaesthesiologist’s  (ISA’s) academic progeny, 
the Indian Journal of Anaesthesia  (IJA) is one such 
enterprise that has grown steadily through the journey 
of the ISA and today, it occupies the position of the 
most coveted and prestigious asset of the ISA. It is 
a well‑known fact that children are born, they grow 
up observing things, learn from their mistakes, take 
pleasure in the laurels earned by them and finally 
become young qualified men and women ready to 
create their own startups, to adapt and develop newer 
sustainable technology, to participate in the world 
of productivity and most importantly to take on the 
challenges that they will come across in the journey 
of life. The IJA is one such baby of the ISA which 
was born, groomed, carefully nurtured and fondly 
looked after by all its illustrious past Editor‑in‑Chiefs. 
It has made remarkable progress in the last 2  years 
by rising up from rank 56 in 2019 and 42 in 2020 to 
the current rank of 31 amongst all Anaesthesiology 
and Pain journals in the world. ‘Gentlemen, this is 
no humbug!’ This rise in the academic ranking of 
the journal is neither a fairy tale thriller nor is it a 
product of good luck. It is the result of the hard work, 
dedication, commitment and zeal of all the editorial 

team members, the untiring work of several unsung 
reviewers and the innovative research and scientific 
work conducted by the many authors of the IJA. The 
tremendous academic strides achieved by the journal, 
especially in the last 3 years, are a product of the vision 
of the immediate past Editor‑in‑Chief of IJA, the late 
Dr. Lalit Mehdiratta. A man with extraordinary vision, 
he had a clear idea about his goals, when in 2020, he 
embarked on his mission of IJA.[1] He strove hard to 
shape up the journal to its present form. His earnest 
efforts at making the idea of zonal supplements a 
reality, bore rich fruits and in the last 3 years, starting 
with the first Northern supplement in August 2020 
and the first Central supplement in September 2020, 
a total of 11 zonal supplements were published. 
Thus, a new era in zonal academics began in ISA.[2] 
The zonal supplements were energisers that lit the 
academic flames of hope and enthusiasm amongst the 
publication‑thirsty researchers of the respective zones 
and opened publication avenues for them.[3] They will 
without a doubt give a chance for young researchers 
to join the zonal review and editorial teams and later 
grow up to become fine and brilliant editors.

The last 3  years have witnessed entirely different 
hues of research. The period was engulfed by the 
coronavirus and saw researchers engaged in a hot 
pursuit to publish research on various aspects of the 
coronavirus disease  (COVID)‑19. This resulted in a 
huge volley of COVID‑19 related research articles being 
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submitted to the IJA, many of which were published. 
Letters to the editor and clinical communications were 
more abundant in the initial phase of the pandemic 
followed by original research in the later phases. 
It is always believed that the IJA is the academic 
mouth‑piece of the IJA, and this was proven beyond 
doubts during the COVID‑19 pandemic when the 
COVID‑19 advisories and position statements of the 
ISA were published in quick succession in April and 
May 2020.[4,5] The advisory and position statement for 
the post‑COVID‑19 surgical patient and Mucormycosis 
followed suit in April and June 2021, respectively.[6,7] 
The COVID‑19 advisories received a large number 
of citations and received global recognition, having 
been put up on the World Federation of Societies of 
Anaesthesiologists  (WFSA) website. Research in the 
COVID‑19 times, between October 2020 and February 
2022, was unique though it was conducted by hasty 
and anxious researchers in the midst of the lockdown, 
oxygen shortage and COVID‑19 deaths and duties. 
The IJA team of editors, reviewers and authors did 
not lose courage during these testing times. It swam 
hard against the three strong waves of COVID‑19, 
so that every issue of the IJA came online in time. 
The editing though done from the ‘dungeons of the 
pandemic’ brought several interesting articles onto 
the global academic arena.[8] Nevertheless, a variety 
of COVID‑19‑related articles and guidelines by 
researchers and societies from all over our country 
and beyond it were published in IJA in this period.

Speaking about non‑COVID‑19‑related research, 
a number of articles on a wide array of topics were 
published. The number of systematic reviews and 
meta‑analyses that are being submitted to the IJA is 
steadily increasing and this shows that the Indian 
anaesthesiologists are slowly coming out of their 
nut‑shell of randomised controlled trials, observational 
studies, case reports and letters to the editor.[9‑11] 
However, the number and the quality of meta‑analyses 
published in IJA has to improve further and for this, 
we will have to work harder through many academic 
and research channels. Furthermore, the quality of 
original articles submitted to the IJA has to improve 
further. For this, many Indian anaesthesiologists will 
have to change their mindsets to consider it their own 
individual responsibility to submit improved quality 
of research to IJA. It is often seen that well conducted 
and written research articles are first submitted to 
foreign journals and after several years of dilly‑dallying 
in such journals finally get submitted in IJA as a 
life‑saving resort. However, many such manuscripts 

get rejected in IJA as the message conveyed through 
these articles becomes obsolete and loses novelty by 
the time they are submitted for a possible review. This 
attitude of the researchers has to change in the coming 
days. The aim at the individual end of the researcher 
should be to conduct novel research in the form of 
robust studies and submit them preferentially to IJA 
which is the academic pride of our nation. This will 
improve the quality of research published in IJA and 
thereby improve its ranking and global image.

The ‘all women’s’ issue of the IJA published in 
September 2020 was a mark of respect to the female 
anaesthesiologists of our country and was the 
first such issue to be published in the world in an 
Anaesthesiology journal.[12] Editorials on varied and 
interesting themes written by a mixed amalgam of 
editors, academic experts, and reviewers from all parts 
of our country were the hallmark of all the issues. The 
postgraduate  (PG) issues of January 2021 and 2022 
had each article written by a group of experts from 
different parts of our nation and this helped to improve 
the exchange of knowledge between academicians 
from different geographical areas and to improve the 
rapport between them. The upcoming PG issue of 
IJA is also based on the theme of recent advances in 
Anaesthesiology, Critical Care and Pain medicine and 
is being authored by the eminent scholars from our 
nation. Each PG issue thus showed the remarkable 
‘unity of our academic Anaesthesiology community 
amongst a rich diversity’.[13]

From the publishers’ side too, there were some 
revolutionary changes. The journal moved to a new 
manuscript management system in April 2021. This 
created several technical hurdles for the editors, 
reviewers and authors, but they were soon sorted out. 
From August 2021, the journal is also being published 
on the prestigious OVID and Lippincott Williams and 
Wilkins (LWW) research platforms.

Our immediate past Editor‑in‑Chief, Dr.  Lalit 
Mehdiratta had a vision, tangible dreams and a noble 
mission to accomplish when he took over charge of the 
journal in December 2019. The vision, his maturity 
and patience made him work tirelessly and provide an 
excellent and conducive atmosphere for the editorial 
team members. The team of associate editors, assistant 
editors and section editors worked in perfect harmony, 
with good coordination and scientific accuracy and 
meticulousness. Nonetheless, this hard work was 
reflected in the doubling of the Projected Impact 
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Score of IJA from 0.78 in 2019 and 1.11 in 2020 to 
the current 1.53. Based on the performance of 2022, 
a higher ranking and a much higher Projected Impact 
Score is expected. Considering this, getting the journal 
indexed in Medline will not be a distant dream.

The passing away of our past Editor‑in‑Chief Dr. Lalit 
Mehdiratta in April 2022, did usher in pangs of sadness 
and despair; however, his vision remained intact and 
his mission continued to drive the team to carry on 
and complete the scientific journey unabated. At 
this point, it would be pertinent to thank Dr. Naveen 
Malhotra, our forever encouraging and dynamic 
immediate past‑Honorary Secretary ISA National who 
staunchly supported the journal in his strong hands 
and Dr.  Muralidhar Joshi, the Chairman Academic 
Committee ISA National who took over the charge 
of Editor‑in‑Chief after the passing away of Dr. Lalit. 
We are sure that the legacy of the IJA will be carried 
forward gracefully by the incoming Editor‑in‑Chief 
Dr. Rakesh Garg and wish him all the very best.

In these last 3 years, we established a bond with the IJA; 
this bond is special, beautiful and eternal. The mission 
has been accomplished, academic lessons both good 
and bitter have been learnt, and we have realised that 
the vision and goals had been perfect. Nevertheless, 
it is now time to focus on newer and higher visions 
for the academic upliftment of the ISA on the global 
platform and the IJA will serve as a means to achieving 
this goal. That means, the scientific journey of IJA and 
the journey of our researchers will continue to chug 
steadily along the tracks of time.
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INTRODUCTION

In laparoscopic pelvic surgeries, tracheal shortening 
of up to 1.5 cm has been reported in 13.6–27%[1‑3] 
patients, leading to the reduced endotracheal 
tube (ETT) tip–carina distance (DTC) and the 
possibility of endobronchial tube migration during 
pneumoperitoneum with Trendelenburg position. 
Tracheal shortening has additionally been reported 
with raised intra‑abdominal pressure[2] and neck 
flexion.[4] Optimal placement (DTC ≥2.5  cm)

[5] could 
prevent endobronchial tube migration during 
pneumoperitoneum in the Trendelenburg position.

For achieving optimal DTC, ETT placement techniques 
like suprasternal‑notch cuff palpation,[6] intubation 
guide mark (IGM),[7] 21/23 cm fixed‑depth technique,[8] 
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Varshney’s formula  (VF),[9] Chula’s formula, etc., are 
commonly practised with variable success rates.

In Indian adults, the reported average cricoid‑to‑carina 
distance (DCrC) is 9.7–11.2 cm in males and 9.4–10.4 cm 
in females.[9,10] Hence, while securing the ETT by 
the IGM technique, placing fixed length (≈ 9 cm) of 
commercially available tubes beyond the vocal cords 
could lead to suboptimal placement.[9] However, placing 
the proximal cuff just beyond the cricoid‑cartilage 
is likely to provide optimal ETT placement as only 
around 6–7 cm segment of the ETT (between proximal 
end of cuff to tube tip) lies beyond the cricoid.

After ETT placement, the cuff can be palpated 
externally over three locations (cricothyroid 
membrane, suprasternal notch and tracheal segment 
between these two landmarks) while pressing the 
pilot balloon. The proximal end of the cuff is likely 
to be placed just beyond the cricoid‑cartilage when 
the maximal distension of ETT cuff is felt between 
the cricothyroid membrane and suprasternal notch. 
We named this technique of ETT placement as the 
‘three‑point cuff palpation (TPP)’ technique.

This study aimed to evaluate the efficacy of TPP 
technique as compared to IGM and VF techniques in 
maintaining optimal DTC and preventing endobronchial 
tube migration during robotic pelvic surgery by 
comparison of DTC and the estimated incidence of 
endobronchial migration.

METHODS

This prospective interventional study was conducted 
at a tertiary cancer care institute, after approval from 
the institutional review board (RGCI/IRB/231/2018), 
and registration with the clinical trials registry 
(NCT04440787). The codes laid by Helsinki declaration 
were followed.

American Society of Anesthesiologists physical status 
II‑III patients (20-75  years) requiring robotic pelvic 
surgeries for abdominal malignancy provided written 
informed consent and were enroled from December 
2018 to September 2021. Patients with body mass 
index (BMI) >40  kg/m2, history of previous tracheal 
surgeries and with tracheal deviation due to large neck 
swelling were excluded.

After the induction of anaesthesia, oral intubation was 
performed with 7.0 mm and 8.0 mm internal diameter 
(ID) Hi‑Low polyvinyl chloride Portex® cuffed ETT 

(Smith Medical ASD, Minneapolis, USA) in all female 
and male participants, respectively. After auscultation 
and capnographic confirmation, patients were 
ventilated with a tidal volume of 8 ml/kg, positive end 
expiratory pressure of 5  cm of water, and end‑tidal 
carbon dioxide was kept between 36 and 44 mmHg. 
During pneumoperitoneum and the 450 Trendelenburg 
position, intra‑abdominal pressure was kept constant 
at 15 mm Hg.

The obtained length of insertion of ETT measured at 
the angle of mouth was denoted by ‘L’ followed by 
the name of ETT placement technique in subscript. 
For example, the length of insertion of ETT by IGM 
technique was represented by LIGM. Various time‑points 
of measurement of DTC in robotic surgery were as 
follows: T0 at intubation in the supine position, T1 
at pneumoperitoneum in the supine position, T2 after 
10 minutes of Trendelenburg position, T3 after 1 hour 
of Trendelenburg position and T4 before extubation in 
supine position. During dynamic tracheal shortening, 
change in distance between particular landmarks 
from its baseline value was represented by putting 
prefix ‘∆’ in front of D. For example, change in DTC 

value was denoted by  ∆DTC. At T0  time‑point, ETT 
was placed by IGM technique.[7] However, ETT cuff 
distension was felt over all three tracheal locations as 
described in the introduction, and finally tubes were 
secured according to the TPP technique. If maximal 
distension was felt over the desired location and 
no ETT repositioning was required, then length of 
ETT insertion for TPP technique (LTPP) was identical 
to LIGM. However, if the relocation was required to 
achieve maximal balloon distension at the desired 
location, then LTPP and LIGM were different. The length 
of insertion for the VF technique  (LVF) was obtained 
by the below‑mentioned formula as proposed by 
Varshney et al.[9]

LVF = Height in (cm)/7‑2.5 cm

This value was not applied in the patient but was used 
to estimate the DTC by mathematical calculation. Once 
the lengths of insertion for all the three techniques 
were available, the difference between them (∆L) was 
obtained by the below‑mentioned formulae:

The difference between LTPP and LIGM provides ∆ L1

∆L1 = LTPP‑ LIGM

Similarly, the difference between LTPP and LVF 
provides ∆ L2
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Similarly, the ∆ DTC2 to ∆ DTC4 were obtained for the 
TPP technique [Table 1].

Based on the ∆ DTC1 to ∆ DTC4 values of TPP technique, 
the  ∆DTC1 to  ∆DTC4 values for both IGM and VF 
techniques were derived by adjusting the ∆L1 and ∆L2 
from it, as shown below [Table 1].

∆DTC1‑4 (IGM) = ∆ DTC1‑4 (TPP) ± ∆L1

∆DTC1‑4 (VF) = ∆ DTC1‑4 (TPP) ± ∆L2

ETT placement was then categorised as optimal, 
suboptimal and endobronchial placements based 
on the measured DTC. Due to the reported 1.5  cm 
displacement of ETT tip towards the carina due to 
shortening of trachea during pneumoperitoneum,[1,2] 

the cut‑off DTC value for categorising ETT placement 
was different with pneumoperitoneum  (T1‑3) and 
without pneumoperitoneum  (T0 and T4). In the 
absence of pneumoperitoneum, tube placements were 
categorised as optimal (DTC ≥2.5 cm), suboptimal (DTC 
0 to  <2.5  cm) and endobronchial. However, 
during pneumoperitoneum it was categorised as 
optimal  (DTC ≥1 cm), suboptimal  (DTC <1‑0 cm) and 
endobronchial.

Based on the 27% reported incidence of ETT 
migration during laparoscopic pelvic surgeries,[1] we 
assumed that the TPP technique could bring down 
this incidence to <10%. Power analysis with β  (0.2) 
and α  (0.1) indicated that 29 patients in each group 
were required, and hence, we took 100  patients. In 
this study, while comparing all three ETT placement 
(IGM, TPP and VF) techniques, every participant was 
the control for himself/herself, as it was the only way 
to rule out the inter‑participant variation regarding the 
anthropometric parameters, tracheal dimensions and 
ETT size.

Continuous data were described as mean  [standard 
deviation (SD)] while count data were summarised as 
numbers  (proportion). Reliability of cuff localisation 
by palpation was evaluated by finding inter‑rater 
agreement between cuff palpation and its USG 
localisation by Cohen’s weighted kappa with linear 
weights test. Optimal placement and prevention of 
ETT migration between the techniques were assessed 
by Chi‑square test. Among the techniques, DTC 
and ∆ DTC values were compared by paired t‑test. The 
ability to discriminate optimal and suboptimal ETT 
placement among the techniques was assessed by 

∆L2 = LTPP‑ LVF

After final ETT placement by TPP technique (T0 time‑ 
point), fibre‑optic bronchoscopy (FOB) was performed 
by an anaesthetist. The measured tracheal distances 
included DTC, DCrC, vocal cord‑to‑cricoid distance 
(DVCr) and vocal cord‑to‑carina distance  (DVC). To 
locate the proximal end of ETT cuff position, airway 
ultrasonography (USG) in the longitudinal plane was 
performed by the same anaesthetist. In the subsequent 
time‑points, only DTC measurements were performed 
using FOB. Measurements using FOB and airway 
USG were performed as described in the previous 
literature.[10,11]

Once the DTC for TPP technique was measured at the 
various time‑points, ∆L1 and ∆ L2 were adjusted from 
this value to obtain DTC value for both IGM and VF 
techniques for all the time‑points [Table 1].

DTC (IGM) = DTC (TPP) ± ∆L1

DTC (VF) = DTC (TPP) ± ∆L2

As the tracheal length changes throughout different 
phases of surgery, change in DTC values (∆DTC) at T1–
T4  time‑points were obtained by deducting the DTC 

value of a particular time‑point from its baseline (T0) 
value. For example, if we want to find the change in 
DTC at pneumoperitoneum (∆DTC1), then the measured 
DTC1 value at pneumoperitoneum was subtracted from 
the baseline DTC0 value.

∆DTC1 = DTC0‑ DTC1

Table 1: Method of measuring and obtaining different 
tracheal distances in TPP, IGM and VF techniques at 
various time‑points throughout the robotic surgery

Distance 
at different 
time‑points

TPP 
technique

IGM 
technique 
(derived)

VF 
technique 
(derived)

DTC0 FOB DTC0±∆L1 DTC0±∆L2
DTC1 FOB DTC1±∆L1 DTC1±∆L2
DTC2 FOB DTC2±∆L1 DTC2±∆L2
DTC3 FOB DTC3±∆L1 DTC3±∆L2
DTC4 FOB DTC4±∆L1 DTC4±∆L2
∆DTC1 DTC0 ‑ DTC1 ∆DTC1±∆L1 DTC1±∆L2
∆DTC2 DTC0 ‑ DTC2 ∆DTC2±∆L1 DTC2±∆L2
∆DTC3 DTC0 ‑ DTC3 ∆DTC3±∆L1 DTC3±∆L2
∆DTC4 DTC0 ‑ DTC4 ∆DTC4±∆L1 DTC4±∆L2
DTC: endotracheal tube tip‑to‑carina distance, ∆DTC: change in endotracheal 
tube tip‑to‑carina distance during different phases of robotic surgery, 
∆L1: difference in length of insertion between TPP and IGM techniques and 
∆L2: difference in length of insertion between TPP and VF techniques. T0: 
after intubation in the supine position, T1: after pneumoperitoneum in the 
supine position, T2: after ten minutes of pneumoperitoneum in Trendelenburg 
position, T3: after one hour of pneumoperitoneum in Trendelenburg position 
and T4: before extubation in the supine position
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receiver operating characteristic  (ROC) curves, and 
the area under the curve  (AUC) was plotted. Trends 
of ∆ DTC among the three techniques in maintaining 
optimal DTC throughout the different phases of tracheal 
shortening were shown by a time‑series graph.

All statistical tests were two‑tailed, and alpha  <0.05 
was set as significant beforehand. Descriptive statistics, 
kappa statistics and ROC were analysed using MedCalc 
Statistical Software version  15.8  (MedCalc Software 
bvba, Ostend, Belgium). Longitudinal secular trends of 
DTC for all three techniques were analysed and drawn 
using the R program [R Core Team (2019). R: A language 
and environment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria] utilising 
following packages: ‘ggplot2’, ‘ggpubr’ and ‘dplyr’.[12]

RESULTS

Out of 110 enroled patients, 100 participants were 
statistically analysed, and ten were excluded due to 
non‑localisation of the ETT cuff on USG.

The demographic, upper airway topographical 
distances and surgical details of all 100 patients were 
tabulated [Table 2]. A total of 500 measurements were 
taken for obtaining DTC at various time‑points.

At intubation, 41% tube placements by IGM technique 
required repositioning to achieve TPP placement, 
P < 0.0001. While evaluating reliability of cuff palpation 
for tube placement in TPP technique, excellent 
agreement was found between the cuff palpation and its 
sonographic localisation. For asserting absence of ETT 
cuff at cricoid‑thyroid membrane (κ = 0.86, standard 
error (SE) = 0.10, 95% confidence interval (CI) = 0.66 
to 1.00), a very good agreement was found. However, 
for locating ETT cuff between cricothyroid membrane 
and suprasternal notch  (κ = 0.95, SE  =  0.05, 95% 
CI  =  0.86 to 1.00), and at suprasternal notch  (κ = 
0.92, SE = 0.06, 95% CI = 0.81 to1.00), a near‑perfect 
agreement was found [Table 3].

At T0, T1 and T2  time‑points, significantly better 
DTC values 2.80  ±  0.62  cm, 1.96  ±  0.66  cm and 
2.58 ± 0.63 cm were obtained in the TPP technique 
compared to 2.50  ±  1.27  cm, 1.41  ±  1.29  cm 
and 2.06  ±  1.20  cm in IGM and 1.83  ±  1.13  cm, 
0.98 ± 1.18 cm and 1.60 ± 1.21 cm in VF techniques, 
P < 0.0001 [Tables 3 and 4].

Maximal tracheal shortening was observed at 
T1 time‑point (∆DTC1 = 0.84 ± 0.20 cm), while it was 

minimal at both T2 (∆DTC2  =  0.22 ± 0.46 cm) and 
T3 (∆ DTC3 = 0.19 ± 0.46 cm) time‑points [Table 4]. 
However, minimal tracheal elongation was observed 
at T4  time‑point (∆DTC4 = ‑0.03 ± 0.26 cm). When 
change in ∆DTC at different surgical phases among the 
techniques was plotted on a time‑series data graph, 
it showed endobronchial tube migration in both IGM 
and VF techniques at different time‑points compared 
to no endobronchial tube migration at any time‑point 
in TPP technique [Figure 1a-c].

At T0  time‑point, ETT placements were optimal in 
86% of TPP placements as compared to 57% in IGM 
and 37% in VF placements, P  <  0.0001  [Table  5]. 
Similarly, at T1 and T2  time‑points, 98% and 100% 
of the tube placements using TPP technique were 
optimal as compared to 64% and 78% in IGM and 52% 
and 71% in VF technique, P < 0.0001 [Table 5].

At T0 time‑point, no endobronchial tube migration was 
found in TPP technique as compared to 1% in IGM and 
6% in VF technique, P < 0.0001 [Table 5]. Similarly, 
at T1 and T2 time‑points, no endobronchial migration 
was found in TPP technique compared to 20% and 2% 
in IGM and 25% and 7% in VF, P < 0.0001 [Table 5].

ROC analysis for optimal tube placement between 
the techniques demonstrated excellent placements 
in TPP  [AUC 0.99  (95%CI 0.95‑1.00, P  <  0.0001), as 

Table 2: Details of demographic parameters, 
measurements of upper airway topographical distances, 

details of various robotic surgical procedures and 
duration of surgery

Variables Mean±SD
*Age (years) 56.33±11.85
*Height (cm) 161.45±8.99
#Geometric mean weight (kg) 69.32
#Geometric mean BMI (kg/m2) 26.73
^Gender, males/females, n (%) 54 (54)/46 (46)
*Mentohyoid distance (cm) 3.49±0.67
*Thyromental distance (cm) 5.07±0.84
*Cricoid‑suprasternal notch distance (cm) 3.30±1.13
*Thyroid‑suprasternal notch distance (cm) 5.80±0.98

n (%)
^Types of robotic surgeries

RALP 36 (36)
RCP 15 (15)
RPLND 10 (10)
RH 39 (39)

*Duration of surgery (minutes) 190±6
D’Agostino‑Pearson was used for obtaining mean±SD, ̂ Proportions by frequency 
tables, #Logarithmic transformation of data was used to derive geometric 
means, *Represent the data evaluated as mean±SD. RALP: robotic‑assisted 
laparoscopic prostatectomy, RCP: robotic cysto‑prostatectomy, RPLND: robotic 
retroperitoneal lymph node dissection, RH: robotic hysterectomy, SD: standard 
deviation, BMI: body mass index, n: number
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Table 3: Airway length parameters of the patients, depth of tube insertion and endotracheal tube (ETT) tip‑to‑carina 
distances and agreement between cuff palpation and sonographic localisation of ETT cuff

Variables Mean±SD
*Total tracheal length from vocal cords to carina (cm) 11.27±1.47
*Vocal cord‑to‑cricoid distance (cm) 2.67±0.53
*Carina‑to‑cricoid cartilage distance (cm) 8.46±1.74
*Length of endotracheal tube insertion in TPP (cm) 19.25±1.45
*Length of endotracheal tube insertion in IGM (cm) 20±1.25
*Length of endotracheal tube insertion in VF (cm) 20.45±1.30
*Endotracheal tube tip‑to‑carina distance (DTC)

TPP technique (cm) 2.80±0.62
IGM technique (cm) 2.50±1.27
VF technique (cm) 1.83±1.13

Mean±SD (cm), SE, 95%CI, P
^*Difference between the carina to tube tip distance (DTC) among the techniques at intubation

IGM and TPP (cm) ‑0.54±0.86, 0.08, ‑0.71 to ‑0.36, <0.0001
VF and TPP (cm) ‑0.98±0.96,0.09, ‑1.17 to ‑0.79, <0.0001
VF and IGM (cm) ‑0.44±1.01, 0.10, ‑0.64 to ‑0.24, <0.0001

Kappa, SE, 95%CI
#Agreement between endotracheal tube cuff palpation and ultrasound‑guided localisation at 
various tracheal locations

Absence of endotracheal tube cuff above cricoid‑cartilage 0.86, 0.10, 0.657-1.000
Presence of endotracheal tube cuff below cricoid‑cartilage 0.95, 0.05, 0.856-1.000
Presence of endotracheal tube cuff at the supra‑sternal notch 0.92,0.06, 0.812-1.000

D’Agostino‑Pearson was used for obtaining mean±SD, *Represent the data evaluated as mean±SD, ^Difference between DTC values by paired t‑test, #Cohen’s 
weighted kappa with linear weights test was used to obtain agreement between cuff palpation and ultrasound guided localisation. TPP: three‑point cuff palpation, 
IGM: intubation guide mark, VF: Varshney’s formula for assessing depth of endotracheal tube insertion. SD: standard deviation, SE: standard error, CI: confidence 
interval, ETT: endotracheal tube

Table 4: ETT tip‑to‑carina distance (DTC) in all three tube placement techniques and the mean change (∆DTC) at various 
phases of robotic surgery

*Endotracheal‑tube tip‑to‑carina distance TPP technique (mean±SD) IGM technique (mean±SD) VF technique (mean±SD)
DTC0 (cm) 2.80±0.64 2.27±1.27 1.83±1.12
DTC1 (cm) 1.96±0.66 1.41±1.29 0.98±1.18
DTC2 (cm) 2.58±0.63 2.06±1.20 1.60±1.21
DTC3 (cm) 2.61±0.61 2.08±1.23 1.64±1.21
DTC4 (cm) 2.85±0.66 2.30±1.28 1.87±1.20
*∆DTC1 (cm), P ‑0.84±0.20, <0.0001 ‑0.84±0.21, <0.0001 ‑0.85±0.25, <0.0001
∆DTC2 (cm), P ‑0.22±0.46, <0.0001 ‑0.20±0.48, 0.0001 ‑0.22±0.54, 0.0001
∆DTC3 (cm), P ‑0.19±0.45, 0.0001 ‑0.18±0.48. 0.0003 ‑0.18±0.54, 0.0013
∆DTC4 (cm), P 0.04±0.26, 0.0796 0.04±0.26, 0.1022 0.04±0.35, 0.2545
Mean DTC by D’Agostino‑Pearson test,* Represent the data evaluated as mean±SD, ^Difference between DTC values by paired t‑test. TPP: three‑point cuff 
palpation, IGM: intubation guide mark, VF: Varshney’s formula for assessing depth of endotracheal‑tube insertion, SD: standard deviation, ETT: endotracheal tube. 
*∆ DTC 1‑4: change in DTC at time‑points T1‑T4

compared to IGM [0.79 (95% CI 0.70‑0.87, P < 0.0001)] 
and VF [0.76 (95%CI 0.67‑0.85)]. Differences in AUC 
between TPP and IGM (0.196, 95%CI 0.09‑0.30, P 0.0003) 
and TPP and VF (0.22, 95% CI 0.05‑0.39, P = 0.0084) 
were found to be statistically significant  [Figure 1d].

Lastly, we did not locate ETT cuff below the cricothyroid 
membrane in any patient at any time‑point.

DISCUSSION

TPP technique was successful in preventing 
endobronchial tube migration during dynamic 
shortening of the trachea in robotic pelvic surgeries 

and overcoming the 1.5 cm displacement of ETT tip 
towards the carina during pneumoperitoneum.

The maximal LVF  (20.45  ±  1.30  cm) was found in 
VF technique, as compared to 20 ± 1.25 cm in IGM 
technique and 19.25  ±  1.45  cm in TPP technique. 
Consequently, significantly better mean DTC was 
observed in TPP technique  (2.80  ±  0.62  cm) 
as compared to IGM  (2.50  ±  1.27  cm) and VF 
(1.83  ±  1.13  cm) technique. Least LTPP could be 
explained by positioning the proximal end of ETT‑cuff 
just below the cricoid‑cartilage; however, in both IGM 
and VF techniques, it was placed deeper. In spite of 
close approximation of ETT cuff with cricoid‑cartilage 
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in TPP technique, we did not find the ETT cuff 
positioned below the cricothyroid membrane at any 
time‑point in any patient.

The observed total tracheal length  (DVC) was 
11.27  ±  1.47  cm, and observed DCrC was 
8.46  ±  1.74  cm. Hence, during ETT placement by 

Table 5: Incidence of optimal ETT placement and ETT migration among all three tube placement techniques at various 
time‑points

Time‑points TPP IGM P TPP VF P IGM VF P
Optimal endotracheal‑tube 
placements n (%)

T0 86 (86%) 57 (57%) <0.0001 86 (86%) 37 (37%) <0.0001 57 (57%) 37 (37%) <0.0001
T1 98 (98%) 64 (64%) <0.0001 98 (98%) 52 (52%) <0.0001 64 (64%) 52 (52%) <0.0001
T2 100 (100%) 78 (78%) <0.0001 100 (100%) 71 (71%) <0.0001 78 (78%) 71 (71%) 0.0002
T3 100 (100%) 78 (78%) <0.0001 100 (100%) 71 (71%) <0.0001 78 (78%) 71 (71%) 0.0011
T4 75 (75%) 52 (52%) <0.0001 75 (75%) 36 (36%) <0.0001 52 (52%) 36 (36%) <0.0001

Endobronchial intubations n (%)
T0 0 (0%) 1 (1%) <0.0001 0 (0%) 6 (6%) <0.0001 1 (1%) 6 (6%) 0.0626
T1 0 (0%) 20 (20%) <0.0001 0 (0%) 25 (25%) <0.0001 20 (20%) 25 (25%) <0.0001
T2 0 (0%) 2 (2%) <0.0001 0 (0%) 7 (7%) <0.0001 2 (2%) 7 (7%) 0.3135
T3 0 (0%) 3 (3%) <0.0001 0 (0%) 8 (8%) <0.0001 3 (3%) 8 (8%) 0.5742
T4 0 (0%) 2 (2%) <0.0001 0 (0%) 6 (6%) <0.0001 2 (2%) 6 (6%) 0.2531

Chi‑square test evaluated the incidence of optimal ETT placement and ETT migration. TPP: three‑point cuff palpation, IGM: intubation guide mark, VF: Varshney’s 
formula for assessing depth of endotracheal‑tube insertion, ETT ‑ endotracheal tube, n ‑ number. Various time‑points: T0: at intubation in the supine position, 
T1: pneumoperitoneum in the supine position, T2: 10 min after pneumoperitoneum in 45° Trendelenburg position, T3: after 1 h of pneumoperitoneum in 45° 
Trendelenburg position and T4: just before extubation in the supine position

Figure 1: Trend of change in endotracheal tube tip to carina distance (TCD) at all time points (T0-T5) for each patient. (a) Three point cuff palpation 
(TPP) technique. (b) Intubation guide mark (IGM) technique and (c) Varshney’s formula (VF) technique. (d) Area under receiver operating curve 
showing discriminative ability for optimal tube placement between TPP, IGM and VF technique

dc

ba
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IGM technique, putting the fixed length  (≈ 9  cm) 
of ETT between the guide mark and ETT tip led to 
suboptimal tube placement in 43% patients. In a 
study on Indian population, even with higher mean 
DCrC  (9.83  ±  1.26  cm), suboptimal placements were 
reported during ETT placement by IGM technique.[9]

We did not find any endobronchial tube migration 
at the T1  time‑point  (phase of maximal tracheal 
shortening) in TPP as compared to 20% in IGM and 
25% in the VF technique, P < 0.0001  [Table 4]. Our 
results are in concordance with one of the studies;[3] 
however, they differ from a couple of others.[1,2] The 
variance in endobronchial tube migration incidence 
during pneumoperitoneum could be due to the 
observed difference in tracheal shortening (0.84 cm in 
ours versus 1.4 cm in others).[1,2]

At pneumoperitoneum, the observed ∆DTC1 of 
0.84 ± 0.2 cm was comparable to 0.7 cm reported by 
others.[3] However, in the combined pneumoperitoneum 
and Trendelenburg position, the observed ∆DTC2 was 
0.22 ± 0.46 cm, which was less than that reported by 
others (0.6–1.4 cm).[1,2] This disparity could be related 
to the degree of Trendelenburg position. It was 450 
in the present study as compared to 200–300 in other 
studies,[1‑3] as steeper Trendelenburg position may 
proportionally elongate the trachea due to gravitational 
pull.[6]

Though cuff palpation for tube placement is a 
time‑honoured and reliable technique,[6] it is a 
subjective and operator‑dependent technique.[6] So, 
there always exists an element of human error. In a 
study, ETT cuff position in relation to the tracheal 
rings and other tracheal structures was correctly 
localised in all 100% of patients.[13] Hence, to 
objectively authenticate cuff palpation findings 
during TPP placement, airway USG was performed, 
and we found an excellent agreement at all locations 
(κ = 0.86‑0.95). Such an excellent agreement validates 
cuff palpation as an inexpensive, simple and reliable 
method for tube placement by TPP technique, as 
claimed earlier.[6] All‑inclusive, these observations 
make a strong case for the utility of the TPP technique 
in providing optimal tube placement and in ensuring 
adequate DTC throughout the various phases of 
tracheal shortening.

The main limitation of the TPP technique is that 
the correct placement of ETT is subjected to cuff 
palpation. Hence, patients with indistinct tracheal 

surface landmarks  (excessive fat, post‑radiation 
and short neck) and clinicians not habitual of cuff 
palpation might not be able to correctly place the 
ETT by TPP technique. However, cuff palpation 
for tube placement has a short learning curve, and 
clinicians can easily acquire this skill. Prevention of 
endobronchial tube migration using TPP technique in 
less than 450 Trendelenburg position and in patients 
with BMI >40 kg/m2 is yet to be evaluated.

CONCLUSION

TPP technique is a simple, reproducible and reliable 
technique, capable of ensuring adequate DTC and 
preventing endobronchial tube migration during 
various phases of tracheal shortening in robotic pelvic 
surgeries.
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INTRODUCTION

Endotracheal intubation is one of the most 
commonly implemented procedures in the intensive 
care unit  (ICU). Delay in confirmation of correct 
placement of the endotracheal tube  (ETT) can lead 
to life‑threatening complications  (cardiac arrest, 
severe hypoxaemia, cardiovascular collapse, death, 
etc.) because of the hazardous haemodynamic and 
respiratory status of these critically ill patients.[1,2] 
Therefore, the confirmation of ETT placement is very 
important.

Various techniques have been used over the years 
for the verification of ETT position. These include 

chest auscultation, bag resistance, visualisation of 
condensation within the ETT, gastric auscultation, 
exhaled volume and chest radiography.[3] But these 
techniques are likely to yield false positive or negative 
results. Qualitative and quantitative end‑tidal carbon 
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dioxide (ETCO2) detection[4] is a reliable method, but 
there are situations where this may not be reliable 
such as during cardiac arrest, severe bronchospasm or 
hypothermia.

Recently, ultrasonography  (USG) and transthoracic 
impedance have been added into the list.[5] Confirmation 
with ultrasound is a potential alternative when 
detection of CO2 by capnography is compromised, 
where capnography is not available or as an adjunct 
to capnography.[6]

USG is a relatively new technique for ETT 
confirmation. It is non‑invasive, portable and serves 
as a real‑time diagnostic tool with rapid and accurate 
results. Also, the ultrasonographic images are not 
affected by low pulmonary blood flow.[3]

Most of the studies conducted earlier included 
American Society of Anesthesiologists (ASA) grade  I 
and II patients. There are limited studies on higher 
ASA grade III and IV patients. Therefore, the present 
study was conducted in ASA grade III and IV patients 
to compare three different methods, i.e., USG, 
capnography and clinical method for their efficacy 
in confirming correct ETT placement in the ICU. The 
secondary objective of the study was to determine the 
difference in time taken to detect tube placement by the 
three different methods. As an ancillary observation, 
the feasibility of USG to detect accidental oesophageal 
intubation  (if it occurred) by checking lung sliding 
sign was also studied.

METHODS

This prospective, observational study was performed 
in patients requiring endotracheal intubation in 
the ICU. Approval for the study was obtained from 
the institutional ethics committee and research 
review board  (167:(5)/MC/EC/2020 dated 22nd  May 
2020). The protocol of the study was registered 
prospectively with the Clinical Trials Registry of India 
(CTRI/2020/08/027326). Written informed consent 
was obtained from the relatives of all the participants. 
The study was conducted over a period of six months 
from September 2020 to February 2021 in the ICU of a 
tertiary care hospital.

Ninety‑two patients of either gender, aged between 
20 and 60  years and requiring emergency or 
planned intubation in the ICU were included in 
the study  [Figure  1]. Patients with thyromental 

distance  <6  cm, history of previous difficult 
intubation, anatomical neck distortion, having 
neck swellings, cervical spine disease, facial 
trauma, history of pneumonectomy, pleurodesis, 
pneumothorax, body mass index  (BMI) more than 
or equal to 35  kg/m2 and difficult intubation were 
excluded.

The patients were assessed, intravenous access 
was obtained, and the laryngoscope, ETT and other 
instruments required for intubation were checked. 
Baseline vitals  (pre intubation) were recorded. The 
patients were preoxygenated with 100% oxygen. 
Intubation was performed as per protocol followed in 
the ICU. Direct laryngoscopy was done, and the ETT 
was inserted by a senior resident in Anaesthesiology 
who was posted in the ICU.

Time zero was from the time the ETT was being 
inserted after successful laryngoscopy, and the person 
who did the intubation confirmed the completion of 
intubation.

As soon as the ETT was placed, the procedure for 
confirming the placement of the ETT by three different 

Figure 1: Study flow diagram
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methods, i.e., USG, clinical method and capnography, 
was carried out by three different anaesthesiologists 
at the same time. The person who performed tracheal 
sonography was an anaesthesiologist who was 
experienced in performing airway ultrasound. A single 
sonographer  (researcher) identified all intubations. 
The other two were third year trainee residents in the 
department of Anaesthesiology. Each of them started 
their stopwatch as soon as the intubator declared 
‘intubation done’ and stopped the stopwatch as the 
confirmation was done by the respective methods. 
The time was noted.

The first anaesthesiologist confirmed tube placement 
by USG using a SonoSite M‑Turbo linear probe (13‑6 
MHz). The USG probe was placed transversely 
on the neck above the suprasternal notch after 
laryngoscopy. As soon as intubation was completed, 
two hyperechoic lines were seen confirming ETT 
placement, in the transverse view. The probe was 
then moved laterally to look at the oesophagus. If the 
oesophagus was intubated, the empty trachea and 
distended oesophagus were seen as the ‘Double tract 
sign’ [Figure 2].

The second anaesthesiologist checked the ETT 
placement by the clinical method looking for 
bilateral chest rise and 5‑point auscultation on the 
infra‑clavicular and infra‑axillary areas on both the 
sides.

The third anaesthesiologist confirmed the placement 
of ETT via capnography (after starting of ventilation) 
by looking for the appearance of a typical square 
waveform along with detection of ETCO2 of more 
than 4  mmHg, after five breaths. A  multi‑parameter 
monitor with a sidestream ETCO2 analyser was used 
for capnography.

End point of the time of time taken was when each 
anaesthesiologist confirmed the placement of the ETT 
by their respective methods. The ETT was then fixed.

Also, after the confirmation of tracheal intubation, an 
USG curvilinear 13.6 MHz probe was placed in the 
midclavicular line in the sagittal plane with the arrow 
mark below the clavicle so that the upper part of the 
probe was over the second intercostal space. The ribs 
followed by the pleural line were then identified.[7] This 
was done to see the lung sliding signs on both sides to 
rule out endobronchial intubation. Haemodynamics 
were also recorded till seven minutes post intubation. 
The 7th minute post intubation was the end point of 
the study.

In case of an oesophageal intubation, the ETT was 
taken out and patients were reintubated correctly in 
the second attempt, but this second attempt was then 
not included in the study.

A sample size of 92  cases was calculated at 95% 
confidence and 3% absolute error to verify the 
expected 98% accuracy of USG against ETCO 2 for 
determining the right ETT position. This sample size 
was adequate to verify the expected sensitivity of 
97.8% and specificity of 100%.[8]

Data analysis was done using Statistical Package for the 
Social Sciences (SPSS) software version 21.0 (Chicago, 
Illinois). Quantitative data were expressed as mean, 
range and standard deviation, whereas qualitative 
data were expressed as frequencies and percentages. 
Results of USG and clinical method were compared 
with capnography using McNemar’s test. Sensitivity, 
specificity, positive predictive value  (PPV) and 
negative predictive value (NPV) with 95% confidence 
interval  (CI) were calculated for both methods  (USG 
and clinical method) using capnography as gold 
standard to confirm tracheal intubation. Continuous 
variables  (time for procedure) were compared using 
one‑way analysis of variance  (ANOVA) test followed 
by Tukey’s post‑hoc analysis test. A P value ≤0.05 was 
considered as statistically significant.

RESULTS

The mean age of the participants was 
37.05  ±  14.78  years. Out of 92  patients, 52  (56.5%) 
were males and 40 (43.5%) were females. 73 (79.3%) 
belonged to ASA grade III, and the rest belonged to ASA 
grade  IV. The mean weight of the study participants 

Figure  2: Ultrasonographic view of oesophageal and tracheal 
intubation
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was 65.05 ± 12.72 kg. Accident and poisoning were 
the most common causes of intubation in the ICU.

Out of 92 patients, 85 were tracheal intubations and 
7 were oesophageal intubations in the first attempt. 
Both USG and capnography could detect correct 
tracheal or oesophageal intubation accurately in all 
patients  [Table 1]; whereas clinical method correctly 
detected 82 tracheal and 2 oesophageal intubations 
and falsely detected 3 tracheal intubations as 
oesophageal  (FN) and 5 oesophageal intubations as 
tracheal (FP) [Table 2].

Thus, the sensitivity, specificity, PPV and NPV of USG 
in the detection of tube placement were 100% with 
respect to capnography  (P‑value  =  1.00)  [Table  1], 
whereas for the clinical method, it was 96.5%, 28.6%, 
94.3% and 40%, respectively (P = 0.727) [Table 2].

Tukey’s test for post‑hoc analysis revealed that 
the mean time taken to detect ETT placement by 
USG (4.9 ± 1.09 s) and capnography (15.39 ± 1.63 s) 
was significantly lower than that taken by the clinical 
method (17.8 ± 1.7 s) (P < 0.05) [Table 3].

Out of 92 patients, the left‑side lung sliding sign was 
present in 87  patients  (94.6%) and absent in five 
patients  (5.4%), whereas the right‑side lung sliding 
sign was present in all 92 patients [Table 4].

DISCUSSION

The rapid determination of correct endotracheal 
intubation is vital to prevent detrimental 
consequences of prolonged oesophageal intubation. 
Proper endotracheal intubation is usually confirmed 
by visualising the vocal cords, adequate bilateral 
chest expansion, presence of bilateral breath sounds, 
fogging of ETT, capnography and auscultation 
over the epigastrium.[9,10] The vocal cords may not 
always be visualised, particularly in difficult airway 
and emergency settings. Quantitative waveform 
capnography is considered as the gold standard, but it 
has many limitations and is also not widely available 
in ICU settings. Various studies mention using USG 
in confirming ETT placement as it is real‑time, 
noninvasive, harmless and produces fast results.[11] 
Ultrasound is mostly available in ICUs for purposes 
such as focused intensive care echocardiography, 
focused assessment of sonography in trauma and for 
vascular access. Thus, it can be a useful tool for ETT 
confirmation.[12]

The present study revealed that the sensitivity and 
specificity of USG in the detection of ETT placement 
were as good as capnography  (100% with respect to 
capnography) (P‑value = 1.00) but was only 96.5% and 
28.6% respectively for the clinical method with respect 
to gold standard capnography (P‑value = 0.727).

USG, clinical method and capnography have been 
compared for confirming ETT placement in a previous 
study by Chowdhury et al.[13] Similar to our study, the 
sensitivity and specificity of ultrasound were found 

Table 1: Sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV) of 

ultrasonography to detect tube placement when compared 
against capnography

Variable Capnography 
(Gold standard)

Clinical 
Method

Tracheal intubation
Correctly detected (TP) 85 (100%) 85 (100%)
Incorrectly detected (FN) 0 (0%) 0 (0%)

Oesophageal intubation
Correctly detected (TN) 7 (100%) 7 (100%)
Incorrectly detected (FP) 0 (0%) 0 (0%)
P (McNemar’s test) 1.00
Sensitivity 100%
Specificity 100%
PPV 100%
NPV 100%
TP: True positive; FN: False negative; TN: True negative; FP: False positive

Table 2: Sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV) of clinical 

method to detect tube placement when compared against 
capnography

Variable Capnography 
(Gold standard)

Clinical 
Method

Tracheal intubation
Correctly detected (TP) 85 (100%) 82 (96.5%)
Incorrectly detected (FN) 0 (0%) 3 (3.5%)

Oesophageal intubation
Correctly detected (TN) 7 (100%) 2 (28.6%)
Incorrectly detected (FP) 0 (0%) 5 (71.4%)
P (McNemar’s test) 0.727
Sensitivity 96.5%
Specificity 28.6%
PPV 94.3%
NPV 40%
TP: True positive; FN: False negative; TN: True negative; FP: False positive

Table 3: Mean time taken by different methods
Mean 

(seconds)
Standard 
Deviation

P (by one‑way 
ANOVA)

Clinical method 17.8096 1.74821 <0.001*
Capnography 15.3958 1.62902
USG 4.9340 1.09180
ANOVA: Analysis of variance; USG: Ultrasonography. *Statistically significant 
(with f=1872.38, df1=2.0, df2=273.0).
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to be 99.17% and 100%, respectively, and with a PPV 
and NPV of 100% and 83.33%, respectively. In another 
study, sensitivity of the technique was found to be 
97.89% and specificity 100% (P = 0.47) compared to 
that of the other two modalities, i.e., capnography and 
clinical method using McNemar’s test.[8] Usefulness 
of ultrasound as a novel tool to confirm endotracheal 
intubation with an overall sensitivity of 98%  (95% 
CI 97 to 99) and specificity of 98%  (95% CI 95 to 
99) has also been proven in a systematic review and 
meta‑analysis.[14]

This means that USG can prove to be a promising 
alternative in critical care scenarios where clinical 
methods and capnography cannot be used or in some 
low pulmonary flow conditions like cardiac arrest, 
severe shock, inadequate pulmonary perfusion and 
gas exchange wherein the reliability of quantitative 
capnography is doubtful.[15] Also, USG is easily 
accessible to the anaesthesiologist nowadays because of 
its increasing use in the operation theatre and the ICU.

In the present study, the mean operating time taken by 
USG (4.9 ± 1.09 s) was significantly less compared to 
the clinical method and capnography even with first 
waveform and this is comparable to the results of the 
previous studies.[3,16]

In another study, the time taken for confirmation 
by USG method was 8.27  s compared to clinical 
method (T2  =  20.72) and waveform capnography 
(T3 = 18.06).[8] This was slightly more than the time 
taken in our study.

In contrast to our study, in a study by Abhishek 
et al.,[17] the time taken for confirmation of correct ETT 
placement by USG was more  (12.0  ±  1.318 s) than 
capnography (8.989 ± 1.043 s).

The time required to confirm ETT placement is an 
important consideration for any method used, more 

so in already compromised patients in the ICU. 
Transtracheal ultrasound can be used for verification, 
while the intubation is being performed or upon 
completion. Even before ventilating the patient, 
tracheal ultrasound detects oesophageal intubation 
which prevents unnecessary forced ventilation to 
the stomach and its associated complications. In our 
study also, in some cases, ETT could be confirmed 
simultaneously with intubation.

The sliding lung sign  (the to‑and‑fro movement 
observed at the pleural line, spreading below) has also 
shown to be an accurate indicator of endotracheal 
intubation.[18] On ultrasound of the thoracic cavity, 
lung sliding sign can identify movement of the 
lung and also helps in identifying endobronchial 
intubation.[14] Therefore, this was used in our study 
to identify endobronchial intubation. Physiologically, 
this sign is most discrete in the upper parts of the 
lungs.[19]

In our study, the left‑side lung sliding sign was 
present in 87  patients  (94.6%) and absent in five 
patients  (5.4%). However, the right‑side lung sliding 
sign was present in all 92  patients  (100%). The 
negative left lung sliding sign in five patients was 
due to endobronchial intubation. In these cases, the 
tube was withdrawn till the bilateral lung sliding sign 
was confirmed. Nevertheless, the usefulness of lung 
sliding sign in confirming correct ETT placement is 
also established in many previous studies.[20‑22]

The advantage of transtracheal over transthoracic 
ultrasound is that the former does not need ventilation 
for confirmation; however, the transtracheal 
method cannot differentiate between tracheal and 
endobronchial intubation.

The present study has certain limitations. It was a 
single‑centre study, the results of clinical method 
could have been influenced by observation of other 
signs such as chest expansion, and the study excluded 
patients of major trauma with extensive haematoma 
of the neck, which are a challenge for endotracheal 
intubation and rapid confirmation. The main strength 
of the study was that a single operator performed all 
the ultrasound examinations.

CONCLUSION

In conclusion, we found ultrasound to be as reliable 
a method for confirming endotracheal intubation as 

Table 4: Appearance of left‑ and right‑side lung sliding 
sign

Number Percent
Left‑side lung sliding sign

Absent 5 5.4
Present 87 94.6
Total 92 100.0

Right‑side lung sliding sign
Absent 0 0
Present 92 100
Total 92 100.0
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capnography and more reliable than clinical method. 
USG consumed less time than both chest auscultation 
and capnography. Also, it was able to detect the 
misplaced oesophageal intubations promptly and 
redirect the ETT towards the trachea.
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INTRODUCTION

Spinal anaesthesia is a commonly used technique 
for lower limb and lower abdominal surgeries. One 
of the major drawbacks is patients’ anxiety, leading 
to decreased satisfaction and acceptance of this 
technique. Thus, sedation is an integral part of regional 
anaesthetic technique. Maintaining an adequate level 
of sedation is equally important, as deeper levels are 
commonly associated with adverse cardiovascular 
and respiratory events. Therefore, patients should 
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ABSTRACT

Background and Aims: Sedation improves patient satisfaction, comfort and acceptance of 
regional anaesthesia. Propofol using bispectral index (BIS)/target‑controlled infusion (TCI) system 
can be an optimal method of sedation, as it combines objective measurement of sedation using 
BIS along with maintenance of a steady plasma concentration of propofol with the TCI device. 
The aim of this study was to ascertain the dose and safety of propofol using BIS/TCI system for 
sedation in patients undergoing surgeries under neuraxial anaesthesia. Methods: One hundred 
and seven adult patients, undergoing elective surgical procedures under spinal or combined 
spinal epidural anaesthesia, were recruited. Propofol infusion was started with TCI at an initial 
target plasma concentration (Cpt) of 1.2 µg/mL, and after equilibration between Cpt and effect site 
concentration (Ce), propofol was then adjusted in increments and/or decrements of 0.2 µg/mL in 
order to maintain a BIS value between 60 and 80. The average time to reach BIS = 80 after starting 
infusion was 7.32 ± 3.13 minutes. The objective was to calculate mean Cpt value maintaining BIS 
between 60 and 80 and to observe recovery time and complications. Results: Mean Cpt value 
was 1.13 ± 0.17 µg/mL with 95% confidence interval (1.10–1.16 µg/mL). In 85% of patients, a BIS 
value of 60–80 was maintained at Cpt ≤ 1.2 µg/mL. No patient had severe complications requiring 
stoppage of infusion. Conclusion: Propofol sedation using BIS/TCI system can provide safe and 
convenient sedation during neuraxial anaesthesia at very low plasma concentration, Cpt ≤ 1.2 µg/mL 
in majority of patients. There were no periprocedural complications, and recovery was rapid.
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preferably be lightly or moderately sedated, which can 
be challenging for the anaesthesiologist.

Various agents are available for sedation such 
as benzodiazepines, ketamine, clonidine, 
dexmedetomidine, propofol, opioids with their own 
benefits and disadvantages. Propofol seems to be an 
attractive option as it has a favourable pharmacokinetic 
profile, with a rapid onset of action and early recovery 
with easy titration of level of sedation.[1] Single or 
repeated boluses of propofol for sedation have a 
rapid onset but lead to unstable plasma levels with 
the consequent adverse effects like respiratory and 
haemodynamic instability at peak concentrations and 
inadequate level of sedation at trough plasma levels. 
Continuous infusion using manual infusion pump 
following a bolus injection often leads to increasing 
blood concentration of propofol over time, requiring 
repeated adjustments to maintain adequate level 
of sedation. This can be troublesome, especially 
during prolonged surgeries. The problem of repeated 
dose adjustments with manual infusion pumps is 
overcome by pharmacokinetic models for propofol 
used in target‑controlled infusion (TCI) systems. The 
anaesthesiologist sets a target propofol concentration, 
and the infusion rate is adjusted automatically.

Bispectral index  (BIS) measures the level of 
consciousness objectively and noninvasively. With 
BIS, the operator can adjust sedative dose more 
confidently by monitoring the level of sedation 
objectively, without interobserver variation.

Many studies have described the efficacy and safety of 
propofol TCI for sedation in endoscopic procedures, 
but there is little data about the use and safety of 
propofol BIS/TCI system for sedation during spinal 
anaesthesia.[2] This study was planned to find the 
average value of target plasma concentration (Cpt) for 
sedation using the Marsh model TCI maintaining BIS 
between 60 and 80 during neuraxial anaesthesia. We 
also observed time to achieve BIS value of less than 80, 
any complications and recovery time after stopping 
the infusion and its correlation with age, gender and 
the average dose of propofol consumed.

METHODS

This prospective single arm interventional study 
was  conducted from January 2019 to December 
2020, at a tertiary healthcare institute after approval 
from the institute’s ethics committee  (AIIMS/

IEC/2018/1573 dated 24  December 2018) and 
registration with the Clinical Trials Registry of 
India (CTRI/2019/02/017641), in accordance with the 
principles of the Declaration of Helsinki. After taking 
written informed consent, 107 patients, of American 
Society of Anesthesiologists physical status I and II, 
aged between 18 and 70 years, scheduled for surgery 
with an expected duration of one to three hours under 
spinal or combined spinal epidural anaesthesia, were 
included. Patients who refused to give consent, who 
had neurologic, psychiatric or hepatic disorders and 
pregnant females were excluded.

In the operating room, all routine standard monitoring 
along with BIS electrodes  (BIS_  monitor, Covidien 
Medical, Boulder, Colorado, USA) was attached. 
Spinal anaesthesia was given using 0.5% hyperbaric 
bupivacaine. End tidal capnography monitor was 
attached along with face mask.

After confirmation of block success, continuous 
intravenous infusion of propofol was started using 
a TCI system  (B. Braun Perfusor® Space target 
controlled infusion, Melsungen, Germany). In this 
study, Marsh pharmacokinetic model was used, as 
it had shown better correlation with both Observer’s 
Assessment of Alertness/Sedation  (OAA/S) and BIS 
scores during propofol sedation,[3] and the propofol 
infusion was started at a Cpt of 1.2 µg/ml, based 
upon recommendations of a previous study.[4] Initial 
BIS value was recorded two minutes after predicted 
effect site concentration  (Ce) was equal to Cpt to 
allow equilibrium between effect site (central nervous 
system) and central compartment.[3] The time taken 
to achieve BIS less than 80 was noted. The sedation 
level was noted using the responsiveness component 
of OAA/S score simultaneously with BIS scores. The 
target BIS ranged between 60 and 80. If the BIS value 
was less than 60 or more than 80, then the Cpt was 
decreased or increased by 0.2 µg/ml, respectively, and 
corresponding BIS value and OAA/S score were noted 
after equilibrium between Ce and Cpt was achieved. If 
the BIS value came in the range of 60–80, the infusion 
was continued at that Cpt value, and BIS values were 
recorded every 5 minutes. If BIS value lay outside 60–
80 range, Cpt was decreased or increased further by 0.2 
µg/ml, and BIS value reassessed until it was between 
60 and 80. At the completion of surgery, infusion was 
stopped, and the duration of infusion and recovery 
time were noted. Recovery time was defined as time to 
reach OAA/S score 5 after stopping the infusion. The 
case was excluded from the analysis if the procedure 
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was converted to general anaesthesia or abandoned 
due to any reason after giving spinal anaesthesia. 
Intraoperative complications were recorded and 
managed appropriately.

The sample size was calculated using the study by 
Imagawa A and colleagues, wherein they found that 
80% of patients achieved BIS 60–80 with propofol 
infusion by TCI at a plasma concentration of less 
than 1.6  µg/ml,[4] and suggested 1.2 µg/ml as an ideal 
default starting Cpt setting. We calculated a sample 
size of 107  (95% CI, 10% relative error and 10% 
contingency). Data was entered in Microsoft Excel and 
analysed using Statistical Package for Social Sciences 
for Windows  (version  23, SPSS, Chicago, Illinois, 
USA). Nominal data was described using counts and 
percentages, ordinal data like sedation score was 
described using median  [interquartile range], and 
continuous data was described using mean ± standard 
deviation. Spearman’s coefficient was calculated to 
test the correlation between BIS and OAA/S and that 
between recovery time with age, duration of infusion 
and average dose of propofol used. A  P  <  0.05 was 
considered statistically significant.

RESULTS

A total of 160 patients came for elective surgeries during 
the study period, out of which 111 were recruited after 
applying the exclusion criterion, of which 4 patients 
were converted to general anaesthesia. Therefore, a 
total of 107 patients were analysed [Table 1]. Of these 
107  patients, 52.34%  (number  (n) = 56) underwent 
orthopaedic surgery, 28.97%  (n  =  31) underwent 
gynaecological procedures, 10.28%  (n  =  11) had 
general surgery, 5.61%  (n  =  6) had plastic surgery, 
1.87%  (n  =  2) had urological procedures and 
0.93% (n = 1) had oncologic surgery.

The mean duration of propofol infusion was 
84.45 ± 18.62 minutes, ranging from 60 to 150 minutes. 
However, the data was analysed only till 60 minutes, 
as there were smaller number of patients having 
infusions beyond this time to have a statistically 
significant result. In 85% of patients, we were able to 
maintain a BIS value of 60–80 at Cpt of ≤1.2 µg/mL. 
The mean value of target propofol concentration was 
1.13 ± 0.17 µg/mL (95% CI 1.10–1.16 µg/mL). The mean 
propofol consumption was 3.05  ±  0.37  mg/kg/hour. 
Median BIS value was 71  (66–74), while median of 
OAA/S score was 3  (2–3). The time taken to reach 
BIS of 80 after starting the infusion varied from 2 

to 20  minutes with a mean of 7.32  ±  3.13  minutes. 
The recovery time ranged from 0 to 15 minutes with 
a mean of 7.39 ± 3.41 minutes. We did not find any 
correlation of recovery time with age, duration of 
infusion of propofol and average dose of propofol used. 
There was a significant positive correlation between 
the BIS value and OAA/S  (Spearman’s rho  =  0.397, 
P < 0.001), i.e., as OAA/S scores increase, BIS value 
also increases. No patient had a severe side effect 
requiring stoppage of infusion [Table 2].

DISCUSSION

There is no single agent or method that can 
be considered ideal for sedation in all patients 
undergoing regional anaesthesia. However, propofol 
BIS/TCI system can be one of the available options 
for this purpose. Based upon recommendations 
of Imagawa A and colleagues for sedation during 
endoscopic procedures, initial target plasma propofol 
concentration of 1.2 µg/mL was chosen.[4] We were 
able to maintain a BIS value of 60–80 in 85% of our 
patients at or below 1.2 µg/mL Cpt of propofol. The 
mean Cpt value was 1.13 ± 0.17 µg/mL (95% CI 1.10–
1.16 µg/mL) for maintaining a stable sedation  (BIS 
value ranging from 60 to 80). These values are lower 
than that of the previous study possibly due to higher 
level of stimulation during upper gastrointestinal 
endoscopies, compared to complete anaesthesia of 
the operating part during neuraxial anaesthesia in 
our study.[4] Another postulate can be that cerebral 

Table 1: Demographic variables and clinical parameter
Sociodemographic parameters Values (n=107)
Age (years) (mean±SD) 41.39±15.21
Gender (male/female) 45/62
Weight (kg) (mean±SD) 67.53±10.46
ASA grade (I/II) 76/31
SD: Standard deviation, ASA: American Society of Anesthesiologists. All data 
are represented as n=number of patients except age and weight which are 
expressed as mean±SD

Table 2: Side effects
Side effects n=Number 

of patients*
Incidence (%)

Hypotension (Fall of MAP ≥30% from 
baseline and/or SBP <90 mmHg)

23 21.5

Hypoxia (SpO2 <90%) 1 0.93
Bradycardia (HR <50/min) 2 1.87
Pain on infusion 8 7.48
Excessive talking 5 4.67
Hypotension + hypoxia 2 1.87
SBP: Systolic blood pressure, SpO2: Peripheral oxygen saturation, HR: Heart 
rate, MAP: Mean arterial pressure. Data depicted as n=number of patients*. 
Incidence is percentage (%) of the patients having side effects
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deafferentation during spinal anaesthesia in our study 
population reduced the sedative requirements.[5] Even 
though the exact mechanism is still debatable, spinal 
anaesthesia blocks active muscle movements which 
stimulates the reticular activating system, mediated 
in part by muscle afferent receptors. Cerebral 
deafferentation could also explain the lower Cpt in our 
study compared to Cpt values of 1.3 ± 0.33 µg/mL (CI 
1.2–1.4) and 1.7 ± 0.39 µg/mL (CI 1.6–1.8) to achieve 
an OAA/S sedation score of 4 and 3, respectively, in 
a previous study of patients undergoing lower limb 
orthopaedic surgery under combined sciatic‑femoral 
nerve block.[6]

From this study, we cannot opine on actual blood 
concentrations of propofol as we relied upon its 
predicted concentrations from Marsh model. In day‐
to‐day clinical practice, it is obviously not feasible to 
measure the actual blood levels of propofol to titrate 
sedation. However, our findings are similar to those 
of Skipsey IG and colleagues, who found the mean 
measured blood propofol concentration of 1.05 µg/mL 
to correspond to a similar level of sedation.[7]

The average propofol consumption in our study was 
50.75  ±  6.15 µg/kg/min. We cannot extrapolate this 
rate for propofol infusion to a manual infusion pump 
for sedation. This is because the rate of infusion is 
not constant using TCI pump as it infuses at a higher 
rate initially to achieve a set plasma concentration, 
and later, the rate reduces to maintain a steady 
state. Interestingly, our finding is similar to the 
study by Ghimire A and colleagues where propofol 
infusion at the rate of 50 µg/kg/min provided optimal 
sedation in patients undergoing surgeries under 
spinal anaesthesia.[8] This may suggest that propofol 
consumption is similar using TCI and manual infusion 
pump. However, this needs further validation.

Hypotension occurred in 23 patients (21.5%), mainly 
within the first 20  minutes of starting the infusion. 
This can be explained by the synergistic effect of spinal 
anaesthesia and propofol.[9] Hypotension was easily 
managed with fluid bolus and phenylephrine. Only 
three out of 107 patients had a desaturation episode. 

Slower onset of sedation with BIS/TCI system (BIS value 
of 80 being achieved in 13.4 minutes in 95% of patients 
after starting the infusion) along with use of oxygen 
supplementation with capnographic monitoring 
might account for the low incidence of hypoxaemia. 
None of the patients required airway intervention or 
assisted ventilation. Eight patients complained of pain 
on infusion. This is a known side effect as propofol 
causes venous irritation. This can be offset by giving 
lignocaine, avoiding veins on the dorsum of the hand, 
using a larger vein and pretreatment with opioids. 
In five patients, we observed excessive talking. This 
paradoxical excitement can be seen with sedatives and 
anaesthetic drugs like benzodiazepines and propofol. 
These responses vary from increased talkativeness, 
disorientation, excessive movement, agitation and loss 
of cooperation. The mechanism is still unclear but is 
proposed to have a similar mechanism of action as 
alcohol, activating γ‑aminobutyric acid‑A receptors.[10]

After stopping the infusion, 50% of patients achieved 
an OAA/S score of 5 at 7  minutes, and 95% of the 
patients achieved OAA/S score of 5 at 14  minutes. 
We did not find any correlation of recovery time with 
age, duration of infusion and average dose of propofol 
consumed [Table  3]. Shorter recovery time enables 
effective utilisation of operating room resources and 
higher patient satisfaction.

This study highlights the fact that lower doses of 
propofol can be used for sedation under regional 
anaesthesia especially with TCI. We recommend 
initiating sedation with lower doses of propofol 
(Cpt <1.2 µg/mL), as we were able to achieve adequate 
sedation in almost 85% patients with Cpt ≤1.2 µg/mL.

There are two limitations to our study. First, the data 
was evaluated up to 60 minutes only. Therefore, we 
cannot extrapolate our study results for infusion 
duration more than this time, as the context‑sensitive 
half‑life of propofol increases with increasing duration 
of infusion. Second, our study population mainly 
consisted of young and middle‑aged people. Propofol 
dose requirements reduce with increasing age. Hence, 
elderly population might require a lesser dose.
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Table 3: Correlation between recovery time and age, duration of infusion and average dose of propofol used
Variable Compared with Correlation coefficient P
Recovery time (minutes) Recovery time (minutes) 1.000
Recovery time (minutes) Age 0.174 0.73
Recovery time (minutes) Duration of infusion (minutes) 0.015 0.878
Recovery time (minutes) Average dose of propofol (µg/kg/min) 0.005 0.960
This table depicts correlation between different parameters, and P<0.05
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CONCLUSION

BIS‑guided TCI infusion may help in providing 
sedation even at very low plasma concentration of 
propofol (Cpt of <1.2 µg/mL) for regional anaesthesia. 
This study proves that usage of BIS‑guided propofol 
infusion can be a safer alternative for sedation under 
regional anaesthesia.
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INTRODUCTION

Over a period of years, the practice of administering 
opioids and non‑steroidal anti‑inflammatory 
drugs (NSAIDS) constituted most of the postoperative 
pain management strategies after spinal anaesthesia. 
However, their unpleasant side effects such as 
gastritis, diarrhoea, nausea and vomiting have not 
been favourable from the patient point of view. 
Recent advances in regional anaesthesia such as 
using myofascial blocks have been proving their 
efficacy in reducing the postoperative site pain 
devoid of the unpleasant side effects especially for 
abdominal and thoracic surgeries. Percutaneous 
nephrolithotomy  (PCNL) is a minimally invasive 
surgery performed for renal and ureteric calculi 

extraction. One of the most common complications of 
this procedure is acute pain in the postoperative period 
which is due to cutaneous innervation at the incision 
site  (T8–T11) and renal parenchymal and ureteric 
pain  (T10–L2). Ultrasound‑guided erector spinae 
plane  (ESPB) block is a novel procedure in regional 
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anaesthesia, described in 2016, that has been shown 
to be effective in managing both acute and chronic 
pain. The hypothesis that ESPB is a differential block 
mediated by the smaller C fibres rather than the bigger 
A‑delta and A‑gamma fibres is one explanation for this 
significant effect.[1‑3]

Dexamethasone, a synthetic glucocorticoid derivative, 
is favoured due to its powerful anti‑inflammatory and 
immunosuppressive properties. When administered 
perineurally, it impedes the transfer of nociceptive 
C fibres and reduces inflammatory and ectopic 
neuronal firing along with the upregulation of 
potassium channels. An added advantage is that 
it decreases postoperative nausea and vomiting. 
Thus, the current research was undertaken to study 
the effectiveness of ESPB with 20  ml of 0.25% 
bupivacaine and 8 mg dexamethasone as opposed to 
the conventional intravenous  (IV) tramadol 1.5 mg/
kg for postoperative analgesia and to minimise 
the haemodynamic changes associated with pain 
following PCNL procedures.

The primary outcome monitored was comparison 
of the visual analogue scale  (VAS) score in the 
first 24  h postoperatively, whereas the secondary 
objectives included haemodynamic variables and 
requirement of rescue analgesia which were recorded 
postoperatively.

METHODS

After receiving acceptance from the institutional 
ethics subcommittee (Research Protocol Number: 
IESC/FP/2020/32), this prospective randomised, 
comparative study was carried out in accordance 
with the principles of the Declaration of Helsinki, and 
patients had given their written informed consent after 
receiving a patient information document. We carried 
out the research for duration of eight months from 
15  January 2020 to 15 September 2020, in a tertiary 
medical hospital and research centre.

Patients were allocated into two groups at random 
by a computer‑generated random sequence number: 
group  A and group  B. Our study was limited to 
American Society of Anesthesiologists (ASA) 
physical status I–II patients between the ages of 18 and 
60 years who were listed for PCNL procedure under 
spinal anaesthesia. Patients unwilling to participate 
in the trial, those known to be hypersensitive to any 
of the study medicines, and patients with known 

coagulopathy were excluded. Sample size estimation 
was done using the values of VAS score from a study 
by S Kumar GS et al.[4] Assuming the moderate effect 
size (0.5), the calculated sample size was 49 using G 
POWER (Faul, & Buchner, Germany, 1996) software 
version  3.1.9.4. However, in our study we took a 
sample size of 60 (30 in each group) to compensate for 
any attrition. Preoperative assessment was conducted 
on the day before surgery, during which a thorough 
history and clinical examination were done and 
recorded. In the operating room, non‑invasive blood 
pressure, oxygen saturation and electrocardiography 
were monitored, and the baseline vitals were noted. 
Peripheral venous access was established with a 20 
gauge IV cannula and with proper aseptic measures; 
spinal anaesthesia (with injection bupivacaine 0.5% 
3.5 ml) with a fixed adjuvant (injection fentanyl 25 
mg) for all the patients was administered in the sitting 
position. At the end of the surgery, erector spinae 
block was performed on the respective operated 
side with patient lying prone, as per the surgical 
requirement. The field was prepared with povidone 
iodine 5%, and two to three ml of 2% lidocaine 
infiltration was given subcutaneously at the site 
where the block had to be given. A high‑frequency, 
linear, ultrasound probe was used to identify the 
ultrasound anatomical landmarks comprising the 
transverse process at the T8 level and the trapezius 
and erector spinae muscles, organised from posterior 
to anterior. Under ultrasound guidance, a 90  mm 
22 gauge spinal needle was inserted in a cranial to 
caudal direction by the in‑plane needling technique, 
aiming at the tip of the transverse process. 
Bupivacaine 0.25% and dexamethasone 8  mg were 
injected in a total volume of 20 ml after making mild 
contact with the transverse process tip in group A.[5] 
All appropriate safety measures were taken before 
administering the local anaesthetic (LA) (good needle 
visualisation, recurrent aspiration and feedback 
about pressure during injection). VAS score at rest, 
2 hours, 4 hours, 12 hours and 24 hours following 
surgery were recorded. Haemodynamic parameters 
15 min after the block, 2 hours, 4 hours, 12 hours and 
24 hours following surgery were recorded. During 
the postoperative period, patients were given IV 
tramadol 1.5 mg.kg‑1 stat for rescue analgesia when 
the VAS pain score was more than 7. Subsequent 
rescue analgesics were given if the patient had a pain 
score of 5 or more.

In group B, injection tramadol 1.5 mg/kg IV was given 
routinely for all the patients. Injection paracetamol 
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15 mg/kg IV was given for rescue analgesia in group B. 
Time of administration of the rescue analgesic was 
noted, and a chart was maintained.

Data was collected, compiled and tabulated. The 
statistical analysis was executed on the basis of z‑test 
(with a standard normal variant) with 95% level of 
significance. The G POWER statistical package was 
used to analyse the data, with the unpaired t‑test for 
quantitative analysis and qualitative data analysis, 
respectively.

RESULTS

A total 60  patients were analysed [Figure 1]. Age, 
gender, weight, length of surgery and ASA grading 
of patients in the two groups were equivalent 
(P > 0.05) [Table  1]. All the patients in both the 
groups reported VAS of 2‑4 at rest and at 2 hours 
postoperatively, and the difference was statistically 
insignificant with P value of 0.495. At 4 hours, out 
of 30  patients in group  B, seven patients had VAS 
of 1‑2, 21 patients had VAS of 3‑4 and two patients 
had VAS of 5‑6 with mean and standard deviation 
(SD) of 3.15  ±  0.68, whereas the patients in the 
control group had VAS of 6‑7 with mean and SD of 

6.61 ± 0.50 and P value was <0.001 [Table 2]. The 
VAS scores were significantly lower in the group A 
thereafter (P < 0.001).

The heart rates (HRs) in the two groups did not differ 
statistically at baseline, 2 hours, 4 hours, 6 hours, 12 
hours and 24 hours following the surgery. However, 
the HR in the control group was slightly on the higher 
side postoperatively at 6 h and 24 h, and the difference 
was statistically significant with a P value of less than 
0.001 [Figure 2].

Systolic blood pressure  (SBP) and diastolic blood 
pressures  (DBPs) recorded were marginally higher at 
6 hours and 24 hours in the postoperative period with 
a statistically significant P  value of less than 0.001. 
On an average, the control group essentially required 
3‑4 doses of rescue analgesia, whereas patients in 

Figure 1: Consolidated standards of reporting trials (CONSORT) diagram

Table 1: Distribution of the study subjects in both the 
groups according to the age

Parameter Group A 
(Mean±standard 

deviation)

Group B 
(Mean±standard 

deviation)

P

Age in years  48±16.08 47.92±17.96 0.68
Weight in kg 57.566±9.32 60±8.179 0.287
Height in metres 1.62±0.08 1.62±0.08 0.133
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ESPB group required 0‑1 dose of the same having a 
statistically significant P value of 0.001 [Figure 3].

DISCUSSION

In our study, ESPB was compared with conventional 
use of tramadol as a mode of postoperative analgesia 
following PCNL. ESPB showed a significant reduction 
in the VAS scores and the requirement of rescue 
analgesia with similar haemodynamic variables.

PCNL is a minimally invasive surgical procedure for 
treating urolithiasis, which extends the benefits of shorter 
hospital stay, reduced morbidity and early recovery. 
Pain following PCNL is due to incision site at the 10th to 
11th intercostal space (corresponds to T8–T12 dermatome), 
renal parenchymal or capsule dilatation  (T10–L1), 
ureteric pain (T10–L2) and the nephrostomy tube.[6]

Multimodal analgesia for PCNL includes conventional 
use of opioids, NSAIDS, local infiltration, epidural 
analgesia, blocks such as paravertebral block, 
intercostal block and peritubal infiltration of 
ropivacaine or bupivacaine. The ESPB was initially 
pioneered by Chin KJ  et al. in 2016 as a successful 
approach for treating thoracic neuropathic pain.[2]

Ultrasound‑sound‑guided ESPB blocks the ramus 
dorsalis of the thoracic and abdominal spinal 

nerves and has a remarkably wide spectrum of 
application.[7] Studies have shown that ESPB provides 
adequate postoperative analgesia for thoracotomy, 
modified radical mastectomy, multiple rib fractures, 
lumbar spine surgery, caesarean sections, total 
abdominal hysterectomies, extracorporeal shockwave 
lithotripsy, hemiarthroplasty, hernia repairs and 
laparoscopic procedures.[8‑12]

Bovincini D et al., in their recent investigation, used 
20 ml volume of dye in the erector spinae plane at the 
tip of the T7 transverse process and demonstrated the 
histotopographic spread cranially and caudally from 
T2/3 to L2–L3 with a lateral extension of up to 10 cm 
when injected in a cadaver.[13] It spread anteriorly into 
and along the costotransverse foramen and into the 
surrounding area of the origin of dorsal and ventral 
rami. Based on this data, we calculated the volume 
and injected 20 ml LA in the thoracic area to cover the 
dermatomal area of the operating field.

In our study, VAS scores were in the range of 3–4 for 
21  patients and significantly reduced after 4 hours 
postoperatively in the ESPB group, whereas in the 
control group, the VAS scores were higher.

Several authors debate that ESPB is a promising 
approach that produces excellent postoperative 
analgesia with reduced requirement of opioids and 
other analgesics. In the research by Swati S et al. and 
S Kumar GS et al., the duration of analgesia was 6–8 
hours, maximum patients were free of pain for 24 
hours postoperatively with a VAS of less than 3, and 
no postoperative rescue analgesia was necessary.[4,13,14]

The mean time to first rescue analgesia was 12 h, and 
the total tramadol requirement was less in our study. 
The control group essentially required an average of 
3–4 doses of rescue analgesic while the ESPB group 
required 0–1 doses of the same  [Table  3]. Since the 
incision site is from T10–T11, the extent of pain ranges 

Figure 3: Heart rate, peripheral oxygen saturation (SpO2) in both the 
groups

Table 2: Comparing the VAS score between both the 
groups

Mean±SD P
Group A Group B 

VAS
2 h 2.07±0.75 2.46±0.66 0.495
4 h 3.15±0.68 6.61±0.50 <0.001*
6 h 3.92±0.64 4.46±0.51 <0.001*
12 h 2.21±0.57 5.53±0.50 <0.001*
24 h 2.07±0.64 3.96±0.50 <0.001*

SD=Standard deviation; VAS=Visual analogue scale; P<0.001*, significant

Figure 2: Diastolic and systolic blood pressure in both the groups
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from T8 to T12. Thus, we could determine from our 
study that sufficient analgesia can be achieved if the 
block is given at T8.[15,16]

HR, SBP and DBP values in our study were comparable 
between the groups. VAS differed significantly between 
both the groups after 4 hours of ESBP postoperatively. 
The VAS score was significantly higher in the control 
group B than the ESPB group (P < 0.001).

Our study was associated with some limitations such 
as smaller sample size, limited variables and absence 
of blinding.

CONCLUSION

ESPB reduced VAS score and provided adequate 
postoperative analgesia, with similar haemodynamic 
changes and adverse effects in comparison to the 
conventional use of analgesia with tramadol in PCNL.
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INTRODUCTION

Airway management is the cornerstone of anaesthesia 
practice in patients undergoing surgeries under general 
anaesthesia (GA).[1] Nonetheless, airway management 
in the recent years has been safer with the advent 
of newer supraglottic airway devices  (SADs).[2,3] The 
second‑generation SADs like I‑GelTM and ProSeal 
laryngeal mask airway  (PLMA) have a cuff that 
provides higher sealing pressure and if required, 
allows aspiration of the gastric contents through a 
gastric drain tube. These SADs are being used safely 
during anaesthesia for procedures associated with 

a high peak airway pressure such as laparoscopic 
cholecystectomy.[4,5]
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The Baska mask is a SAD, having a non‑inflatable 
self‑sealing cuff and sump drainage system. It has been 
observed that with the increase in airway pressures, 
the perilaryngeal seal pressure increases with the 
Baska mask.[6]

As very few studies have compared the respiratory 
mechanics of Baska mask with other SADs, the present 
study compared respiratory mechanics, while securing 
the airway with PLMA, I‑GelTM and Baska mask in 
patients scheduled for laparoscopic cholecystectomy 
under GA. The primary outcome included change in 
the dynamic compliance and the secondary outcomes 
included peak inspiratory pressure  (PIP) and 
oropharyngeal leak pressure (OLP) changes at various 
time intervals.

METHODS

After approval by the institutional ethics 
committee [IEC 54/2018] and written informed consent, 
a prospective, randomised study was carried out in 
ninety patients aged 20–65 years, of American Society 
of Anesthesiologists  (ASA) physical status I/II having 
body mass index (BMI) of 18.5–29.9 kgm‑2 and modified 
Mallampati class  I or II scheduled for laparoscopic 
cholecystectomy under GA during the period June 2018 
to June 2019 in a tertiary healthcare institute [Figure 1]. 
The trial was registered with the Clinical Trials Registry 
of India (2018/05/013923). The patients were excluded 
from the study if the mouth opening was less than 
3 cm, thyromental distance less than 6.5 cm, and failure 
to insert the SAD. Additionally, patients were excluded 
if they met one of the contraindication criteria of the 
SADs placement including pregnancy, history of gastric 
regurgitation, features suggestive of low pulmonary 
compliance or high pulmonary resistance and an 
anticipated difficult airway.

A pre‑anaesthetic check was conducted to evaluate 
the patient’s eligibility one day prior to surgery 
before randomisation, and to record baseline data. 
The randomisation sequence was created with a 
computerised random‑number generator, and patients 
were randomly allocated to have their airway secured 
with the PLMA (Group P), I‑GelTM (Group I) or Baska 
mask (Group B) in a ratio of 1:1:1. The details of the 
allocated SADs were contained in serially numbered 
sealed opaque envelopes. Another researcher  (not 
involved in this trial and not blind to group assignment) 
opened the envelopes to view the patient’s group 
assignment in the operation theatre.

All patients were kept nil per oral for 6 h for solid food 
and 2 h for water. The patients were premedicated with 
tablet ranitidine 150  mg and tablet metoclopramide 
10  mg on the morning of surgery. In the operation 
theatre, the baseline parameters including peripheral 
oxygen saturation (SpO2), five lead electrocardiogram 
and blood pressure (systolic, diastolic and mean) were 
noted and monitored throughout the procedure.

All the patients were premedicated with midazolam 
0.05 mgkg‑1 intravenously in the operation theatre. 
After preoxygenation for three minutes, the patients 
were induced with intravenous fentanyl 2 µgkg‑1 and 
propofol 2‑2.5 mgkg‑1, and neuromuscular blockade 
was facilitated with injection atracurium 0.5 mgkg‑1. 
In group I patients, the airway was secured using an 
I‑GelTM of appropriate size (size 3 for patients weighing 
30–60 kg, size 4 for 60–90 kg). In group B, the airway 
was secured with a Baska mask of appropriate 
size  (size 3 for patients weighing 30–60  kg and size 
4 for 60–90 kg). In group P patients, the airway was 
secured using a PLMA of appropriate size (size 3 for 
patients weighing 30–50 kg, size 4 for 50–70 kg). All 
the devices were inserted by an anaesthesiologist 
having sufficient experience in the use of all three 
devices.

The device was fixed by taping the tube over the chin, 
and a well‑lubricated gastric tube was introduced into 
the stomach through the gastric port. An effective 
airway was confirmed by bilateral symmetrical chest 
movements on manual ventilation, square waveform 
on capnography, no audible leak of gases and lack 
of gastric insufflation. If the chest movement was 
not adequate or the capnography wave was not 
square‑shaped after insertion, the ventilation was 
considered inadequate and manipulations were 
allowed in the following sequence: gentle pushing 
or pulling of device, changing head position and jaw 
thrust.

With the patient’s head in the neutral position, the time 
to successful insertion was measured from the moment 
the facemask was removed until the first capnography 
upstroke after insertion of the device. Anaesthesia was 
maintained with oxygen 33%, nitrous oxide 67% and 
isoflurane 0.5‑1%. Additional atracurium and fentanyl 
were given as deemed necessary by the attending 
anaesthesiologist. The ventilatory parameters were set 
as tidal volume 6–8 mLkg‑1 and respiratory rate 12–20 
breaths per minute to maintain normocarbia.
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After confirming correct placement of the device, 
the following respiratory parameters were evaluated: 
PIP, dynamic compliance and OLP at the following 
time points: at the insertion of device, after 5 min, at 
carboperitoneum, reverse Trendelenburg position, left 
tilt with reverse Trendelenburg position and at release 
of the carboperitoneum utilising  (Drager, Primus 
Medical GmbH, Germany) workstation ventilator.

The OLP was measured by adjusting the expiratory 
valve of the circle system to 40 cm H2O at fixed fresh 
gas flow of 3 L/min and recording the pressure when 
equilibrium was reached. The pressure in the system 
at which the audible leak as assessed by auscultation 
over suprasternal notch was the OLP.

At the end of the procedure, intraperitoneal instillation 
of 20  mL levobupivacaine  (0.25%) was done by the 
surgeons before releasing the carboperitoneum. The 
muscle relaxation was reversed with intravenous 
neostigmine 0.05 mgkg‑1 and glycopyrrolate 
0.01 mgkg‑1, followed by device removal after ensuring 
adequate reversal. Blood staining of the device, tongue, 
lip and dental trauma were recorded. Patients were 

questioned after regaining full consciousness to assess 
sore throat, dysphagia and dysphonia immediately 
after surgery and after 24 hours. Postoperative nausea 
and vomiting were also noted.

Data were expressed as frequency/percentage, mean 
± standard deviation (SD) and median [interquartile 
range (IQR)] as appropriate. The one‑sample 
Kolmogorov–Smirnov test was employed to determine 
whether datasets differed from a normal distribution. 
Normally distributed data was compared between 
the three groups using one‑way analysis of variance 
(ANOVA) followed by Bonferroni post‑hoc analysis. 
Non‑normally distributed data was compared using 
Kruskal–Wallis test followed by pairwise comparison. 
Chi‑square test was used to compare categorical 
variables between the three groups. P  value  <0.05 
was considered significant. Statistical analysis was 
performed using Statistical Package for the Social 
Sciences  (SPSS) version  21  (SPSS Inc., Chicago, IL, 
USA).

The sample size was based upon a pilot study 
having five patients in each group, and the dynamic 

Figure 1: Consolidated standards of reporting trials (CONSORT) chart of patients
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compliance was taken as the primary outcome. The 
dynamic compliance was 45  ±  11.5 in group  B and 
37 ± 9.7 in group I, whereas in group P, it was 38 ± 3. The 
calculated sample size was 84 patients [28 patients in 
each group] having an α error of 0.05 and 80% power, 
using the OpenEpi, version 3 software. We, therefore, 
recruited 30 patients in each group.

RESULTS

Patients in all the three groups were comparable in 
terms of general characteristics such as age, gender, 
BMI and ASA physical status [Table 1].

The insertion time for the device was significantly 
more in the group  P  (mean  ±  SD  =  20.34  ±  3.65 
s) as compared to group  I  (14.73  ±  5.30 s) and 
group  B  (13.78  ±  4.68 s, p  =  0.045) with groups  P 
versus groups  I and B  (p  <  0.05). However, the 
insertion time was comparable in groups  I and 
B [Figure 2]. The maximum dynamic compliance was 
observed in the group  B throughout the procedure, 
whereas maximum decrease in compliance was 
noted in the group  I at all time intervals  [Figure 3]. 
The dynamic compliance after insertion in group  B 
median 47.50  (IQR 39.07, 53.27) cm H2O was 
highest as compared to group  I 37.15  (33.5, 40.6) 

and group  P 39.75  (IQR38.5, 44.9, p  =  0.001) with 
groups B versus P and groups B versus I (p = 0.011, 
p = 0.001), respectively. After the carboperitoneum, 
the maximum decrease in compliance was observed in 
group I median 21.50 (IQR20.0, 33.32) as compared to 
group P 21.50 (IQR20.0, 26.17) and group B 30.40 (IQR 
27.55, 34.1), respectively (p = 0.001, groups B versus 
I  =  0.001 and groups  B versus P, p  =  0.001). After 
the release of carboperitoneum, the compliance 
was highest in the group  B 30.20  (IQR 28.6, 36.55) 
as compared to P group 27.50 (IQR 25.0, 29.25) and 
group I 25.10 (IQR 23.0, 29.15, p = 0.001) [Figure 3].

Regarding PIP at insertion, the group B median 10.0 
(IQR9.0, 11.0) cm H2O had least PIP as compared to 
group I 12.0 (IQR 10.75, 13.0) and group P 11.0 (IQR 
10.0,13.0, p = 0.001) with groups B versus P, groups B 
versus I  (p  =  0.004 and p  =  0.001), respectively. 
After 5  minutes of insertion, group  P 11.5  (IQR 
10.0, 13.0) and group  B 12.0 (IQR10.75,13.0) had 
comparable PIP and group  I 14.5 (IQR 13.75, 16.0) 
had the highest PIP  (p  =  0.00). However, after the 
carboperitoneum, the group P had the least rise in PIP 
13.0 (IQR 12.0, 14.0) as compared to the group B14.0 
(IQR 13.0, 16.0, p = 0.001). The group  I had higher 
PIP as compared to other two groups at all other time 
intervals  (p  <  0.05)  [Figure  4]. After the release of 
carboperitoneum, the PIP was comparable in groups B 
and P 12.5  (IQR 12.0, 13.0) and 12.0 (11.0, 13.0); it 
was significantly higher in the group I 14.0 (IQR 13.75, 
14.0, p = 0.001).

The OLP was highest in group B at all time intervals 
as compared to group  P, whereas group  I had least 

Figure 2: Insertion time for device placement in the three groups
Figure 3: Comparative evaluation of the dynamic compliance in the 
three groups at different time intervals

Table 1: Demographic profile
Variables Group B 

n=30
Group I 
n=30

Group P 
n=30

Age (years) (mean±SD) 42.6±12.25 45.37±10.50 40.40±7.31
Gender (number/percentage)

Male
Female

20 (67%)
10 (33%)

25 (83%)
5 (17%)

23 (77%)
7 (23%)

BMI (kgm‑2) (mean±SD) 22.19±2.09 21.75±1.95 21.61±1.60
ASA (number/percentage)

Grade 1
Grade 11

21 (70%)
9 (30%)

27 (90%)
3 (10%)

27 (90%)
3 (10%)

ASA:American Society of Anesthesiologists; SD:Standard deviation; BMI: Body 
mass index
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OLP. The OLP after insertion was 33.0  (IQR 25.0, 
34.0) cm H2O in group  B and group  I 22.0  (20.75, 
22.25), whereas group  P had 29.5  (IQR 29.0,30.0, 
p = 0.001) with groups B, P versus I (p = 0.001). After 
the carboperitoneum, the OLP was 35.0 (27.87, 34.2) 
and 24.0 (23.0, 25.0) in groups B and I, respectively, 
whereas group  P had 30.0  (29.0, 30.0, p  =  0.001) 
groups B versus P and I (p = 0.001) [Figure 5].

Blood on the device was observed in three patients in 
group P as compared to none in group B and group I 
(p = 0.04). Five patients in group P and two patients 
in group  I complained of sore throat 2  h after the 
surgery. However, after 24  h of surgery, none of the 
patients had sore throat. Dysphagia and dysphonia 
were not observed in any patient, and the incidence of 
post‑operative nausea and vomiting was comparable 
in the three groups.

DISCUSSION

SADs, especially the second‑generation SADs, are safer 
alternatives to endotracheal intubation during GA.[7,8] 
SADs which provide higher seal pressure are useful 
in laparoscopic surgery, as a higher OLP is required 
to compensate for increased peak airway pressures 
without the probability of gastric insufflation and 
resultant pulmonary aspiration.[9,10]

The characteristic feature of the Baska mask is that 
the airway pressure is transmitted intermittently to 
the membranous cuff so that it inflates and deflates 
with each positive pressure inspiration and expiration 
respectively, thus forming a perfect seal, reducing leaks 

and making intermittent positive pressure ventilation 
(IPPV) very efficient.[11]

In the present study, the highest dynamic compliance 
was observed in the group  B. The pulmonary 
compliance decreased from insertion till the release 
of carboperitoneum in groups  I and P. Moreover, the 
dynamic compliance was comparable in the groups I 
and P. In a study by Choi et al.,[12] though the dynamic 
compliance was more in the group  B as compared 
to group  I at all time intervals, it was statistically 
insignificant.

In our study, PIPs in groups B, I and P ranged from 10 
to 15, 12 to 17.0 and 11.0 to 13.5 cm H2O, respectively. 
The group I had the maximum rise in PIP at different 
time intervals compared to the groups  P and B. 
Our results are in accordance to those of Banerjee 
et  al.[13] who observed increased PIP with I‑GelTM 
in comparison to PLMA. After carboperitoneum, 
the increase in PIP was more in group  B than in 
group P. In another study comparing the Baska mask 
and I‑GelTM, the PIPs were insignificantly higher in 
group I (12‑18 cm H2O) as compared to group B at all 
time intervals.[12]

The median OLP in groups  B, I and P ranged 
from 26 to 33, 22 to 26.8 and 29 to 30  cm of H2O 
respectively. In our study, higher OLP was observed 
with Baska mask. Similarly, the OLP was higher 
in the group  B  (29.6  ±  6.8  cm H2O) than in the 
group  I  (26.7  ±  4.5  cm H2O, p  =  0.01) as observed 
by the authors in patients scheduled for laparoscopic 
cholecystectomy.[12]

Figure 4: Peak inspiratory pressure changes at various study intervals 
in the three groups

Figure 5: Changes in the oropharyngeal leak pressure in the three 
groups at various time intervals
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In another study, the leak pressure at insertion time was 
38.33 ± 4.4 cm of H2O for group B, 30.57 ± 2.2 cm of H2O 
for group I, 29.36 ± 2.7 cm of H2O for group P (p = 0.04).[14] 
The leak pressure was significantly more in the group B, 
and comparable amongst groups  P and I. The leak 
pressure after 30 minutes of insertion was 40.00 ± 2.4 cm 
of H2O for group B, 35.14 ± 3.2 cm of H2O for group I 
and 34.36  ±  1.3  cm of H2O for group  P  [p  =  0.04]. 
Similar results were observed in a study comparing 
the Baska mask with the PLMA, wherein it was found 
that the sealing pressure was significantly higher in the 
group B (30 ± 9 versus 24 ± 6 cm of H2O).[15]

In a meta‑analysis, the authors concluded that the 
PLMA provides higher OLP than I‑GelTM  (mean 
difference, 3.37  cm H2O; 95% confidence interval, 
1.80–4.95 cm H2O; p = 0.000).[16]

In the present study, we observed that the OLP of 
I‑GelTM increased more with time as compared to 
PLMA. Nonetheless, the OLP of I‑GelTM has been 
reported to have improved with time in patients 
undergoing gynaecological surgeries.[17]

However, the maximum increase in OLP was observed 
in the group  B in the present study following the 
carboperitoneum and is in direct relation to the 
increase in PIP with increase in intrabdominal pressure 
as compared to the other two groups. Similarly, in a 
study comparing seal pressures of Baska mask with 
that of PLMA, the authors observed that the OLP was 
30.25 ± 3.34 cm H2O in group B and 23.50 ± 4.05 cm 
H2O in group P (p < 0.05).[18]

In the present study, sore throat was observed in five 
patients in the group P as compared to two patients in 
group I. In all the groups, the devices were successfully 
inserted in the first attempt without the need for any 
manipulation.

The I‑GelTM has been found to have fewer 
complications (blood staining, sore throat, dysphagia) 
than the PLMA in various studies.[19,20] Complications 
such as sore throat are primarily related to cuff 
inflation, and the cuff of the Baska mask self‑inflates 
and deflates during inspiration and expiration, 
respectively. Therefore, compared to the ProSeal and 
I‑GelTM, the Baska mask is less likely to damage the 
surrounding tissues.

The present study has some limitations. Firstly, only 
ASA physical status I and II patients were included. 

Secondly, the blinding to group allocation was not 
possible for the anaesthesiologist inserting the device. 
Moreover, the results are not applicable to the patients 
on spontaneous ventilation.

CONCLUSION

The Baska mask is a good alternative to the PLMA 
or I‑GelTM in laparoscopic cholecystectomy under 
GA, as maximum airway compliance is observed 
with the use of Baska mask. Moreover, by virtue of 
its ability to increase the OLP and maintain the PIPs 
with carboperitoneum as compared to other SADs, the 
Baska mask provides better airway protection during 
controlled ventilation.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.	 Apfelbaum JL, Hagberg CA, Caplan RA, Blitt CD, Connis RT, 
Nickinovich  DG, et  al. Practice guidelines for management 
of the difficult airway: An updated report by the American 
Society of Anesthesiologists Task Force on management of the 
difficult airway. Anesthesiology 2013;118:251‑70.

2.	 Saraswat  N, Kumar  A, Mishra  A, Gupta  A, Saurabh  G, 
Srivastava  U. The comparison of Proseal laryngeal mask 
airway and endotracheal tube in patients undergoing 
laparoscopic surgeries under general anaesthesia. Indian J 
Anaesth 2011;55:129‑34.

3.	 Singh A, Bhalotra AR, Anand R. A comparative evaluation of 
ProSeal laryngeal mask airway, I‑gel and Supreme laryngeal 
mask airway in adult patients undergoing elective surgery: 
A randomised trial. Indian J Anaesth 2018;62:858‑64.

4.	 Lai CJ, Liu CM, Wu CY, Tsai FF, Tseng PH, Fan SZ, et al. I‑gel is 
a suitable alternative to endotracheal tubes in the laparoscopic 
pneumoperitoneum and trendelenburg position. BMC 
Anesthesiol 2017;17:3.

5.	 Sharma  B, Sehgal  R, Sahai  C, Sood  J. PLMA vs. I‑gel: 
A  comparative evaluation of respiratory mechanics in 
laparoscopic cholecystectomy. J Anaesthesiol Clin Pharmacol 
2010;26:451‑7.

6.	 Chaudhary  UK, Mahajan  SR, Mahajan  M, Sharma  C, 
Sharma M. A comparative analysis of the baska mask versus 
I‑gel for general anesthesiain surgical patients undergoing 
laparoscopic cholecystectomy. Acta Med Int 2018;5:69‑73.

7.	 Sudheesh  K, Chethana  GM, Chaithali  H, Nethra  SS, 
Devikarani D, Shwetha G. A new second‑generation supraglottic 
airway device (Ambu® Aura Gain) versus intubating laryngeal 
mask airway as conduits for blind intubation – A prospective, 
randomised trial. Indian J Anaesth 2019;63:558‑64.

8.	 Jindal S, Mittal A, Anand LK, Singh M, Kapoor D. Comparative 
evaluation of Air‑Q blocker and Proseal laryngeal mask 
airway in patients undergoing elective surgery under general 
anaesthesia. Indian J Anaesth 2021;65:S20‑6.

9.	 Rauh  R, Hemmerling  TM, Rist  M, Jacobi  KE. Influence of 
pneumoperitoneum and patient positioning on respiratory 
system compliance. J Clin Anesth 2001;13:361‑5.

Page no. 43



Kumar, et al.: Airway dynamics: Baska mask vs PLMA and I-GelTM

848 Indian Journal of Anaesthesia | Volume 66 | Issue 12 | December 2022

10.	 Brimacombe  J, Keller  C. The ProSeal laryngeal mask 
airway: A  randomized, crossover study with the standard 
laryngeal mask airway in paralysed, anesthetized patients. 
Anesthesiology 2000;93:104‑9.

11.	 Alexiev V Salim  A, Kevin  LG, Laffey  JG. An observational 
study of Baska mask: A novel supraglottic airway. Anaesthesia 
2012;67:640‑5.

12.	 Choi  SR, Lee  TY, Kim  SW, Park  SY, Chung  CJ, Kim  JH. 
Comparison of clinical performance of I‑gel and Baska Mask 
during laparoscopic cholecystectomy. Korean J Anesthesiol 
2019;72:576‑82.

13.	 Banerjee G, Jain D, Bala I, Gandhi K, Samujh R. Comparison 
of the ProSeal laryngeal mask airway with the I‑Gel™ in the 
different head‑and‑neck positions in anaesthetized paralysed 
children: A  randomized controlled trial. Indian J Anaesth 
2018;62:103–8.

14.	 Dhanasekaran  R, Mehta  GD, Parameswari  A. A  prospective 
randomized comparative study between Baska mask, Proseal 
LMA and I gel during positive pressure ventilation in 
laparoscopic cholecystectomy. JARSS 2019;27:106‑11.

15.	 Al‑Rawahi  SA, Aziz  H, Malik  AM, Khan  RM, Kaul  N. 
A comparative analysis of the Baska mask vs Proseal laryngeal 

mask for general anesthesia with IPPV. Anaesth Pain Intensive 
Care 2013;17:233‑6.

16.	 Maitra  S, Baidya  DK, Arora  MK, Bhattacharjee  S, 
Khanna  P. Laryngeal mask airway ProSeal provides higher 
oropharyngeal leak pressure than i‑gel in adult patients 
under general anesthesia: A  meta‑analysis. J  Clin Anesth 
2016;33:298‑305.

17.	 Mukadder  S, Zekine  B, Erdogan  KG, Ulku  O, Muharrem  U, 
Saim  Y, et  al. Comparison of the Proseal, Supreme, 
and I‑gel SAD in gynecological laparoscopic surgeries. 
ScientificWorldJournal 2015;2015:634320.

18.	 Singh  B, Singh  AP, Attri  JP. Randomized controlledtrial to 
compare Baska® mask versus ProSeal laryngeal mask airway 
for general anesthesia with intermittent positive pressure 
ventilation. Anesth Essays Res 2020;14:25‑8.

19.	 Soliveres J, Balaguer J, Richart MT, Sanchez J, Solaz C. Airway 
morbidity after use of the laryngeal mask airway LMA Proseal 
vs. I‑gel. Eur J Anaesthesiol 2010;27:257–8.

20.	 Park SK, Choi GJ, Choi YS, Ahn EJ, Kang H. Comparison of 
the i‑gel and the laryngeal mask airway proseal during general 
anesthesia: A systematic review and meta‑analysis. PLoS One 
2015;10:e0119469.

Page no. 44



849© 2022 Indian Journal of Anaesthesia | Published by Wolters Kluwer - Medknow 

Address for correspondence: 
Dr. Roopa Holkunde, 

Department of Anaesthesia, 
HSK Hospital and 

S Nijalingappa Medical 
College, Bagalkot, 
Karnataka, India. 

E‑mail: drroopabannale@gmail.
com

Submitted: 24‑Mar‑2022
Revised: 23‑Nov‑2022

Accepted: 05‑Dec‑2022
Published: ***

INTRODUCTION

For intubation in emergency and full stomach patients, 
rapid sequence induction (RSI) plays an important role 
in avoiding the risk of aspiration of gastric contents. 
To achieve this RSI, drugs like succinylcholine and 
rocuronium are commonly used because of their fast 
onset of action.

Succinylcholine, the most commonly used drug for 
RSI, has various side effects and is contraindicated 
in certain conditions like hyperkalaemia, cardiac 
arrhythmias, raised intracranial pressure (ICP) and 

intraocular pressure (IOP).[1] Rocuronium is primarily 
metabolised in the liver and is excreted by the bile, and 
hence is avoided in patients with hepatic diseases and 
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ABSTRACT

Background and Aims: In emergency and non‑fasting patients posted for laparotomy under 
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with deranged liver enzyme profiles.[2] Atracurium, a 
benzylisoquinolinium compound, is a depolarising 
neuromuscular agent with intermediate action and 
is considered to be a safe drug for use in hepatic 
and renal disease patients because of its Hofmann’s 
elimination. Atracurium, when given in higher doses, 
that is 3‑4 times of 95% effective dose (ED95), has been 
proven to facilitate good and comparable endotracheal 
intubating conditions as high doses of rocuronium.[3,4]

The priming technique is most commonly used 
to enhance the process of rapid intubation in RSI. 
However, it also increases the risk of gastric aspiration. 
Our study involved patients posted for emergency 
laparotomy as study subjects, and hence, we avoided 
using the priming technique.[5] As such, as per our 
knowledge, there are currently no studies evaluating 
the usage of high doses of atracurium for RSI without 
priming in emergency laparotomies. Hence, we 
designed our study with the primary objective of 
comparing intubating conditions using two different 
doses of atracurium. The secondary objective was 
to assess the duration of muscle relaxation using 
neuromuscular monitoring and comparing the 
haemodynamics.

METHODS

After obtaining clearance from the institutional ethics 
committee (SNMC/IECHSR/2019‑20/A‑80/1.0), the 
study protocol was registered with the Clinical Trials 
Registry of India (CTRI/2020/07/026582). The study 
was conducted between July 2020 and June 2021 in 
a tertiary care teaching hospital in accordance with 
the principles of the Declaration of Helsinki. Sixty 
patients posted for emergency laparotomy were 
recruited. Written and informed consent was taken 
from all 60 subjects. Inclusion criteria included 
patients aged between 20 and 65 years and American 
Society of Anesthesiologists  (ASA)  physical status 
II or III posted for emergency laparotomy. Exclusion 
criteria were patients with a predicted difficult airway, 
patient’s refusal to participate, any history of severe 
cardiac disease, history of metabolic or neuromuscular 
disorders and drug interactions or history of study 
drug allergy.

Patients were randomised into two study groups of 30 
each based on computer‑generated random sequence 
allocation with the allocation being   concealed with 
an opaque sealed envelope technique. Patients 
and the intubating anaesthesiologist for the study 

were blinded. Group ‑ A1  (received 0.75  mg/kg of 
atracurium), which is three times of ED95  (ED95 is 
the effective dose that decreases the muscle twitch by 
95% from baseline) and group ‑A2 (received 1 mg/kg 
of atracurium), which is four times the ED95. The 
two doses of atracurium were prepared in the same 
volume using   syringes of similar size and shape 
and were coded. The cold chain was maintained 
till administration of the drug. After pre‑anaesthetic 
evaluation, patients were shifted to the operating 
room with two 18‑gauge intravenous cannulae 
in  situ. Standard ASA monitors like pulse oximetry, 
non‑invasive blood pressure and electrocardiogram 
were attached to the patient. Patients were then 
pre‑oxygenated for 3 min with 100% high flow oxygen, 
premedicated using injection midazolam 0.02  mg/kg 
and fentanyl 2 μg/kg intravenously. Modified RSI with 
injection propofol 2‑3 mg/kg and atracurium 0.75 mg/
kg (group  A1) or 1  mg/kg (group  A2) was given to 
the patients, based on the randomisation. Tracheal 
intubation was done by trained anaesthesiologists 
within 60  seconds of the administration of the 
study drugs. Intubating conditions were assessed by 
the intubating anaesthesiologist, who was blinded 
for the dose of the study drug and were graded 
as;‑ grade 1‑excellent (easy passage of the tube without 
coughing/bucking), grade 2‑good (passage of the tube 
with slight coughing/bucking), grade  3‑fair  (passage 
of the tube with moderate coughing/bucking) and 
grade 4‑poor (not possible to intubate).

After endotracheal intubation and confirmation of 
bilateral air entry, the tube was fixed and patients were 
mechanically ventilated with appropriate settings 
individualised to each patient. At the same time, 
neuromuscular monitoring and haemodynamics were 
measured by an anaesthesiologist who was blinded to 
the drug under study.

Train‑of‑four  (TOF) measurements were done using 
neuromuscular transmission mechanosensory 
monitor (GE Healthcare Helsinki, Finland) by placing 
the transducer along the ulnar nerve and stimulating 
the adductor pollicis muscle using 50  mA current, 
and the stimulation was monitored every 12 seconds 
from the onset of the induction of anaesthesia until 
the disappearance of all four twitches. Post‑tetanic 
count (PTC) of zero was noted at that particular point 
of time and the time from induction to PTC of zero was 
considered as the maximum onset of action of muscle 
relaxant. TOF stimulation was continued every 5 min 
till the occurrence of two twitches which indicated 
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the duration of muscle relaxation. Anaesthesia was 
maintained with oxygen, nitrous oxide and isoflurane 
and top‑up doses of atracurium were administered 
for muscle relaxation. Intravenous injections of 
paracetamol 1 g and tramadol 50 mg were administered 
for analgesia. Blood pressure, heart rate and peripheral 
oxygen saturation were recorded every minute for the 
first 10  min after induction of anaesthesia, followed 
by every 10 min till the end of surgery. Patients were 
closely monitored for adverse effects like rashes, 
cutaneous flushing or bronchospasm during the study 
period. Hypotension that developed after induction 
was managed with intravenous bolus of fluids and 
vasopressor as required.

Sample size estimation was done using OpenEpi 
Software Version 2.3.1. At 95% confidence level, and 
80% power of the study, based on the results of a 
previous study conducted by Chalermkitpanit P et al.,[6] 
the estimated sample size was 23, which was rounded 
off to 30 in each group. Study data were entered in 
Microsoft Excel and later analysed statistically using 
Statistical Package for Social Sciences for windows, 
version  19  (International Business Machines Corp, 
Armonk, N. Y, USA). Mean and standard deviation 
were calculated for quantitative data like age, weight, 
neuromuscular monitoring, and Student’s t‑test 
was applied. Percentage and number were used to 
represent qualitative data like gender, ASA physical 
status, intubating conditions, and Chi-square test 
was applied. A  P  value of  <0.05 was considered 
significant.

RESULTS

Sixty‑four patients who met the inclusion criteria 
and were posted for emergency laparotomy were 
randomised. Four patients refused to participate in the 
study [Figure 1].

The demographic characteristics of the patients like 
age, gender, weight and ASA physical status were 
comparable between the groups [Table  1]. Excellent 
intubating conditions were achieved in 56.7% of 
cases in group  A2 as compared to group  A1 which 
had excellent intubating conditions in 13.3% 
(P  <  0.001) [Table  2]. Good intubating conditions 
with neuromuscular monitoring were seen in 
group A2 and also a longer time was required until 
the TOF count reached two as compared with 
group A1, which showed statistical significance with 
P < 0.001 [Table 3]. A decrease in the mean arterial 

pressure  (MAP) after 3  min of induction of general 
anaesthesia was noted in both groups, among which, 
group  A2 had more fall in MAP than group  A1. 
This fall in MAP was corrected with an intravenous 
injection of mephentermine 6  mg. No significant 
changes in heart rate, requiring any intervention, 
were observed in both groups [Figures 2 and 3]. No 
other adverse effects were noted, except cutaneous 
flushing of the face and the arm in which drugs had 
been injected (10 patients in group ‑A1 and 12 patients 
in group A2). This cutaneous flushing resolved on its 
own within 4‑5 min.

DISCUSSION

We evaluated two different doses of atracurium 
(3–4 times ED95) to achieve RSI and good intubating 
conditions within a minute. Excellent intubating 
conditions were achieved in more than half of the 
patients in group A2 without serious side effects.

In emergency laparotomies, RSI is the method ideally 
followed for intubation as stomach distension due 
to air influx during regular bag and mask ventilation 

Patients screened
n = 64

Excluded (n = 4)*
*declined to participate

Randomisation
n = 60

Allocation

Group A 1
atracurium 0.75mg/kg

Group A 2
atracurium 1.0 mg/kg

Group A 2
(n = 30)

Group A 1
(n = 30)

Figure 1: Consolidated Standards of Reporting Trials  (CONSORT) 
diagram
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Table 1 Patient demographic characteristics
Group A1 (n=30) Group A2 (n=30)

Age (years) 38.60±14.7 37.2±7.9
Gender

Male
Female

18 (60)
12 (40)

15 (50)
15 (50)

Weight (kg) 64.97±6.7 66.8±6.3
ASA physical status

II
III

16 (53.3)
14 (46.7)

16 (53.3)
14 (46.7)

Values presented as mean±Standard deviation, and frequency (%), 
n ‑ number, ASA ‑ American Society of Anesthesiologists
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Figure 3: Heart rate (HR) values for two doses of atracurium

Table 2: Intubating conditions
Atracurium dose 0.75 mg/kg 

group A1 (n=30)
Atracurium dose 1 mg/kg 

group A2 (n=30)
Excellent ‑ easy passage of tube without coughing/bucking 4 (13.3) 17 (56.7)
Good ‑ passage of the tube with slight coughing/bucking 13 (43.3) 13 (43.3)
Fair ‑ passage of the tube with moderate coughing/bucking 13 (43.3) 0 (0)
Poor ‑ not possible to intubate 0 (0) 0 (0)
Values presented as frequency (%), n ‑ number
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Figure  2: Mean arterial pressure  (MAP) values for two doses of 
atracurium
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is a common cause of regurgitation. Patients with 
intestinal obstruction, gastroparesis, full stomach and 
pregnancy are at a high risk of aspiration.[7] In modified 
RSI, preoxygenation is done with 100% oxygen for 
3  min followed by cricoid pressure until the airway 
is secured with an endotracheal tube and the cuff is 
inflated. No bag and mask ventilation is done during 
this period. Patients remain apnoeic till the airway is 
secured. Hence, faster‑acting muscle relaxant drugs, 
such as succinylcholine and rocuronium, are generally 
used for RSI but because of their adverse effects, they 
are avoided in patients with hyperkalaemia, raised ICP 
and IOP and also in patients with impaired renal and 
hepatic functions.

As there is very less literature available on employing 
atracurium as the sole neuromuscular blocking 
drug  (NMBD) for RSI, we designed this trial in our 
set up. Atracurium does not play a role in raised ICP 
or IOP or hyperkalaemia and undergoes Hofmann 
elimination and hence is safe in renal and hepatic 
failure patients. Also, the onset time and potency 
of any NMBD are inversely related, and providing a 
significant dose of NMBD will accelerate the onset, 
similar to succinylcholine. When given in large doses, 
they bind to a large number of nicotinic acetyl‑choline 
receptors, resulting in rapid onset of action.[8‑10] Priming 
technique is believed to enhance this onset of action 
of NMBDs; However, it has its own disadvantages 

like, lung aspiration, respiratory weakness and visual 
disturbances.[11] So, we avoided using the priming 
technique.

As per the results of our study, atracurium proved to 
be effective in achieving good intubating conditions 
within a minute, and the doses and grading were 
considered according to the study conducted by 
Chalermkitpanit P, et  al.[6]. Also, we could achieve 
excellent intubating conditions with a success rate of 
56.7% with a dose of 1 mg/kg.

In the study conducted by   Chalermkitpanit P 
et  al.[6] on elective surgical patients under general 
anaesthesia, the intubating conditions were graded 
as excellent in 51.4% of patients receiving 1 mg/kg of 
atracurium, in 43.6% of the patients with 0.75 mg/kg 
of atracurium and 26.3% patients with 0.6  mg/kg of 
atracurium (P < 0.05). However, unlike their study, we 
conducted our study only on emergency laparotomies 
under general anaesthesia using modified RSI. 
A  comparison of the duration of muscle relaxation 
using neuromuscular monitoring was also made. 
Group A2 had an early maximum effect indicated by 
a shorter time until PTC reached zero and a longer 
duration of action indicated by a longer time until TOF 
count reached two [Table 3]. The main strengths of our 
study were the inclusion of patients of ASA grade  II 
and III taken up for emergency laparotomy, the use of 
modified RSI for intubation, and also the avoidance of 
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priming technique, which otherwise increases the risk 
of aspiration in such cases.

There is a scope for future studies on this topic in 
patients undergoing surgeries like craniotomy and 
caesarean section which require RSI.

CONCLUSION

Atracurium in the dose of 1  mg/kg provides good 
intubating conditions at 1 min for RSI in emergencies 
and can be safely used when other drugs are 
contraindicated.
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INTRODUCTION

The safety precautions in anaesthesia practice have 
always been of utmost importance. The highly 
infectious COVID‑19 pandemic has led to significant 
infections among healthcare workers  (HCWs) and 
even deaths worldwide.[1,2] Personal protective 
equipment (PPE) must be prioritised for health workers 
and caregivers at local, national, and international 
levels while shortages threaten health worker 
safety. The efficiency of PPE depends on the skills 
(proper selection, donning, disposal, decontamination) 
in the backdrop of good knowledge, proper training as 

per standard guidelines.[3] The right attitude and users’ 
belief in the protocols are also important. Therefore, it 
is imperative to evaluate the knowledge, attitude and 
beliefs on the use of PPE among HCWs to identify gaps 
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and facilitate prompt interventions to improve efficacy 
and availability. It is necessary to estimate the adherence 
levels among the anaesthesiologists and understand 
the difficulties, coping mechanisms adopted and 
behavioural patterns for the same which could help in 
discovering innovative approaches to improve them. 
Indian Society of Anaesthesiologists  (ISA) National 
advisories of April 2020[4] and May 2020[5] recommend 
that all operation theatre staff wear PPE which includes 
a one‑piece special gown, properly fitted N95/N99 
mask, eye shield, double glove, etc. Based on these 
recommendations, we conducted a multicentre study 
among anaesthesiologists, a population frequently 
involved in aerosol generating procedures (AGP).

The primary objective of the study was to estimate the 
proportion of anaesthesiologists adhering to the safety 
precautions relevant to COVID‑19 in the operation 
theatre. The secondary objectives were to describe 
the adherence patterns, difficulties faced and coping 
mechanisms adopted while using safety precautions 
in the operation theatre during COVID‑19 pandemic.

METHODS

This was a multicentric mixed methods study conducted 
over six months from November 2020 to February 2021 
in two tertiary care hospitals in Bangalore, India. Ethics 
committee approval was obtained for the study from 
the institutional ethics committee  (IEC/1/854/2020 
dated 26th  November 2020, ECR/747/Inst/KA/2015/
RR‑18 dated 6th November 2020). The study included 
a descriptive cross‑sectional part (quantitative) and an 
in‑depth interview (qualitative). The study population 
consisted of sixty doctors  (anaesthesiologists and 
third year anaesthesia residents) who were actively 
involved in the management of COVID‑19  patients 
in the operation theatre settings of two tertiary care 
hospitals in Bangalore. Anaesthesiologists not working 
in the COVID areas were excluded from the study. 
Sample size for the descriptive study was estimated 
considering that 90% of the HCW would  adhere to 
safety precaution in the operation theatre. With 10% 
relative precision and 95% confidence interval, the 
number of participants required was 43. However, we 
included 60 participants who consented to take part 
in the study. Doctors who consented for both filling 
up the questionnaire and participate in in‑depth 
interview were included in the study.

A structured questionnaire was the data collection 
tool (developed by a group of experts and validated by 

external experts who were not part of the study) and 
was given to all participants after a written informed 
consent was taken after due deliberations.

The first part of the questionnaire consisted of 21 
questions regarding the different safety measures 
followed, which included usage of N95 masks, partial 
respirators, surgical masks, face shields, disposable 
gowns, goggles, shoe cover, full PPE, wearing scrub 
dress outside operation theatre, taking shower after 
work, frequent handwashing, social distancing, 
self‑isolation at home after work, minimum 
personnel in operation theatre, chemoprophylaxis 
(chloroquine, ivermectin etc) and the extent to which 
they were adhered to. The responses were recorded as 
always, most of the time, sometimes and never. They 
also included open‑ended questions regarding the 
reason for the extent of adherence. The second part 
was a yes or no response sheet regarding the various 
difficulties faced in wearing PPE and the coping 
mechanisms adopted.

After this, an in‑depth interview was conducted where 
open ended questions were put forth to understand 
the factors that contributed to adherence and various 
coping mechanisms followed while facing difficulty 
in adhering to these which was audio recorded with 
the participant’s consent. Following probes were used 
to elicit the responses: 1. Why are you adhering to 
the extent as mentioned? 2. How are you coping with 
these difficulties? 3. How do you feel about mortality 
and morbidity due to COVID‑19? 4. Do you have any 
other observations with respect to adherence to safety 
precautions? The time taken for each subject was 
20–30 minutes.

The degree of adherence to various precautions 
and the proportion of the anaesthesiologists in 
various categories of adherence were summarised 
in percentages. The total score of various patterns of 
adherence by summing up all the individual items 
was computed and compared by gender, years of 
experience, and age using correlation and independent 
t test for statistical significance. P  value  <0.05 was 
taken as statistically significant. International Business 
Machines Statistical Package for Social Sciences 
Statistics‑25.0, Somers NY, USA was used to perform 
the analysis.

The in‑depth interview responses were transcripted 
after the interview. Qualitative thematic analysis was 
done by coding, categorisation and theme generation 
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The total score when computed and compared with 
respect to age, gender or years of experience did 
not reveal any specific difference in patterns of 
adherence [Table 3].

Among the various difficulties faced while following 
safety precautions, difficulty in communication and 
fogging of face shields/goggles was reported by most 
respondents. Marks on face, suffocation, feeling hot 
and difficulty in breathing were reported by more than 
two‑thirds of them [Figure 1].

Various coping mechanisms observed while adhering 
to safety precautions were reassuring oneself, adjusting 
the fit of the mask/face shield, taking rest/breaks and 
taking some form of medication [Table 4].

Three different themes were generated from the 
in‑depth interview [Table 5].

DISCUSSION

To safeguard HCWs, PPE must be available with 
appropriate training, and effectively implemented 
safety protocols.[6] PPE usage also causes a lot of 
difficulties leading to the underutilisation and 
suboptimal adherence. Though the level of adherence 
to PPE usage is high, studies have shown deficits in 
handling of PPE especially in the sequence of donning 
and doffing.[7]

In this mixed methods study, we found a 90% 
adherence to wearing N95 masks all the time and 
another 8.3% wore it most of the times. Our results 
were similar to the studies by Smith et al.[8] who found 
an 80% adherence and Zangoue et  al.[9] who found 
92.4% adherence to various levels of PPE in their study 

which was done after meticulous data immersion. 
Two respondents coded the transcript. Similar codes 
were put together to form four themes. Any additional 
codes discovered were documented and discussed. 
The entire content was described in the form of themes 
called thematic framework analysis.

RESULTS

All the respondents who consented to take part in the 
study participated in both parts of the study. Among 
sixty doctors, the response rate was 100%. The mean 
age of the respondents was 34.0  ±  8.8  years. Fifty 
one percent of the respondents in the present study 
were aged less than 30  years and had experience 
less than 5 years. Nearly 71.7% of respondents were 
females [Table 1].

Ninety percent of the respondents wore N95 masks all 
the time in the operation theatre. The remaining 8.3% 
preferred wearing N95 masks most of the time. Eighty 
percent wore a surgical mask over the N95 mask as an 
additional level of protection. Only 11.7% respondents 
preferred wearing face shields always along with the 
mask and there were 51.7% who wore it occasionally. 
As compared to mask and face shields, the adherence 
to other levels of personal protection was much lower. 
More than 40% participants preferred wearing goggles 
and disposable gowns. Another consistent practice 
was frequent hand washing which was followed by 
nearly 76.7% of respondents always. PPE was worn by 
most of the respondents only when required. Majority 
of the respondents (61.7%) preferred taking a shower 
always after work. While 41.7% followed social 
distancing in the OT most of the times, only 23.3% 
were able to isolate themselves at home. Among the 
respondents, 66.7% did not prefer taking any form of 
chemoprophylaxis [Table 2].

Table 1: Demographic characteristics of the study 
subjects (n=60)

Characteristics n (%)
Age category
Age in years (Mean±standard deviation)

<30
31‑40
>40

34±8.85
31 (51.7%)
19 (31.7%)
10 (16.7%)

Gender
Male
Female

17 (28.3%)
43 (71.7%)

Years of experience
<5
5‑10
>10

33 (50.0%)
14 (23.3%)
13 (21.7%)

11.7
18.3

26.7 31.7
45 50 51.7

58.3 63.3 63.3
73.3

81.7
90 93.3
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Figure 1: Distribution of difficulties faced
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population. However, studies by Lamhoot et  al.,[10] 
Keleb et al.[11] have reported a very low level of less than 
50% adherence. The difference could be attributed 
to the differences in the geographical, demographic 
characteristics including awareness, availability 
and training. Surgical masks were used in addition 
to N95 masks by most anaesthesiologists. Partial 
respirators were used by only 23% of respondents due 
to non‑availability and sterilisation issues. Despite 
studies recommending surgical masks as not inferior 
to N95,[12] none of our respondents used only surgical 
masks for protection as N95 masks were available 
freely and these studies provided weak evidence. Face 
shields/goggles (50% and 41% respectively) were used 
additionally by many anaesthesiologists especially 
during AGP and correlated with what was observed 
by Smith et  al.[8] as both could be easily sterilised. 
Face shields were used more commonly because 
of widespread availability and as they covered a 
wider area of the face. Full PPE was used by all the 
anaesthesiologists for suspects or confirmed cases. 

Though most of them were uncomfortable with full 
PPE, felt hot, claustrophobic and had sweating and 
breathing difficulty, adherence was 100% due to 
efficiency. Frequent hand washing was extensively 
practised  (76.7%). Our observation is similar to that 
of Sandbøl et  al.[13] Taking showers after work was 
extensively practised and correlated with almost all 
other studies done among HCW. Isolating from others 
at home was not feasible due to family constraints 
and hence not practised by many. Social distancing 
was not feasible at all times in the operation theatres 
especially in emergencies. This was in contrast to 
the study by Smith et  al.[8] who observed that 74% 
adhered to social distancing at workplace and home. 
Chemoprophylaxis was not taken by many in view of 
lack of credible evidence.

Subgroup analysis of patterns of adherence in terms of 
gender, age and years of experience did not yield any 
differences in contrast to the studies by Smith et al.[8] 
and Zangoue et al.[9] who noted that the younger age 
group adhered and coped better, and the trained and 
better educated respondents fared better. This could be 
because our study population was not heterogeneous 
and included only anaesthesiologists and residents 
who were familiar with the use of PPE.

Among the difficulties encountered due to adherence, 
the most common ones were blurring of vision, difficulty 
in communication, and marks on face. Suffocation and 
breathing difficulties were also reported. Uncommon 
ones were dizziness and palpitations. Difficulties 
indicative of mental stress were suffocation, headache, 
irritability, anxiety etc. Challenges with N95 masks 
were breathing difficulty (63.3%), suffocation (73.3%), 

Table 2: Adherence patterns number (n=60)
Always n (%) Most of the time n (%) Sometimes n (%) Never n (%)

N95 mask 54 (90) 5 (8.3) 1 (1.7) 0
Partial Respirator 0 3 (5.0) 11 (8.3) 46 (76.7)
Surgical Mask 24 (40.0) 24 (40.0) 9 (15.0) 3 (5.0)
Face shield 7 (11.7) 22 (36.7) 31 (51.7) 0
Disposable gown 2 (3.3) 17 (28.3) 30 (50.0) 11 (18.3)
Goggles 3 (5.0) 4 (6.7) 26 (43.3) 27 (45.0)
Shoe cover 1 (1.7) 6 (10.0) 31 (51.7) 22 (36.7)
Full Personal Protection Equipment 2 (3.3) 4 (6.7) 50 (83.3) 4 (6.7)
Scrub dress 8 (13.3) 9 (15.0) 18 (30.0) 25 (42.7)
Shower 37 (61.7) 12 (20.0) 7 (11.7) 4 (6.7)
Hand washing 46 (76.7) 11 (18.3) 3 (5.0) 0
Social distancing 5 (8.3) 25 (41.7) 18 (30.0) 12 (20.0)
Isolation 14 (23.3) 14 (23.3) 20 (33.3) 12 (20.0)
Minimum personnel 12 (20.0) 30 (50.0) 14 (23.3) 4 (6.7)
Chemoprophylaxis 1 (1.7) 5 (8.3) 14 (23.3) 40 (66.7)

Table 3: Comparison of total adherence score by gender, 
age groups and years of experience

Total score P
Gender

Male
Female

51.5±6.45
49.4±4.59

0.153

Age category in years
<30
31‑40
>40

49.5±5.74
49.9±4.98
51.8±3.85

0.501

Years of experience
<5
5‑10
>10

49.4±5.74
50.7±5.25
50.9±3.72

0.569

Adherence score is reported as mean±standard deviation
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difficulty in communication  (90%), marks on the 
face  (81%), headache, irritability and anxiety. Our 
results were similar to that of Smith et  al.[8] where 
the prominent negative impact of wearing PPE was 
difficulty in communication and anger. Fogging 
was reported by more than 90% of the respondents. 
Dryness of hand  (50%) and itching  (21%), marks on 
face (80%) were common. The incidence of skin issues 
was similar to that observed in a study by Yuan et al.[14] 
who also observed a 77.4% incidence of skin reactions 
mostly in the form of dryness and itching after PPE use.

There were varied coping mechanisms observed. 
Innovations to reduce fogging included taping the 
bridge of nose, use of liquid soap/spray/anti fog cloth 
to smear the face shield/goggles etc. Meditation, 
chanting, debriefing with friends or family, taking 
good breaks and self‑distraction with hobbies in free 
time helped many cope with mental stress. Breathing 
difficulty and suffocation was managed by adjusting 
mask, self‑reassurance and taking breaks. Talking 
aloud and clearly with gestures helped in effective 
communication. For dryness, 87% of the respondents 
in our study coped by using moisturisers which 
is similar to that observed in the study by Yuan 
et  al.[14] However, prophylactic moisturiser dressing 
applications were not practised by our respondents.

In‑depth interview revealed intricate details of the 
different aspects of adherence and coping mechanism 
and trends in behaviour. All anaesthesiologists 
believed that N95 mask is the most effective of all 
the PPE. High levels of adherence in our study were 
attributed to ease of use and disposal, feel of safety 
with N95 use and fear of spread to oneself and family. 
Most anaesthesiologists felt that they were able to 
cope better as the pandemic progressed. The anxiety 
levels also reduced over time as they got familiar 
with patterns of spread. Initially, stress was due to 
uncertainty apart from physical discomfort. Many 
anaesthesiologists opted for level II PPE (N95 mask 
and face shield) instead of full PPE for regular cases 
to avoid physical discomfort. So, there was a degree 
of waning caution. Innovative coping mechanisms 
were the positive impacts observed in our study. A few 
anaesthesiologists intended to continue N95 mask use 
even after the pandemic was over as they noticed that 
their usual episodes of asthmatic attacks drastically 
reduced. But many respondents also shared their 
helplessness in strictly adhering to safety precautions 
in emergency situations such as intubation where 
they had to remove face shields/goggles which were 
obscuring the view due to fogging. Strict isolation from 
family at home was also not possible due to emotional 
concerns.

Our study had some limitations. It was conducted at 
the end of the first wave and beginning of the second 
wave in tertiary care hospitals where the availability 
of safety gadgets was not an issue. Extrapolating these 
findings to other settings and different times of the 
pandemic need further studies. Our study population 
had better knowledge about the disease and was 
familiar with mask/hand hygiene as they are practised 

Table 4: Percentages of coping mechanisms
%

Suffocation
Adjusting mask
Self‑assurance and acclimatisation

36.7
63.3

Difficulty in breathing
Adjusting mask
Self‑assurance and acclimatisation
Taking breaks

31.0
48.3
20.7

Headache
Adjusting mask
Analgesic
Rest and fluids

31.0
48.3
20.7

Marks on face
Ignore and be resilient
Band‑aid and topical creams

57.1
42.9

Blurring of vision
Adjusting mask with tapes
Removing or adjusting goggles, face shields

38.5
61.5

Tachycardia
Adjusting mask
Walking slowly
Medication

60.0
20.0
20.0

Feeling hot
Adjusting air conditioner temperature and fan speed
Drink water and take shower after work

80.0
20.0

Dryness
Moisturisers 100

Itching
Moisturisers
Oral antihistaminic

87.5
12.5

Anxiety
Self‑assurance and distract with hobbies
Talk to family/debriefing

60.0
40.0

Irritability
Building tolerance through chants, hobbies
Taking breaks and rest 

57,1
42.9

Difficulty in communication
Loud and clear communication
Gestures and signs

75.7
24.3

Fogging
Tighten mask fit with tissue paper or cello tape
Remove/adjust goggles and face shields
Decrease air conditioner temperature and increase 
fan speed

71.5
17.1
19.4
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extensively in operation theatre settings and this may 
not be the case with other HCW working in wards. 
Therefore, our results cannot be extrapolated to all 
frontline workers. The same holds good for the degree 
of mental resilience and coping demonstrated by our 
study population. Further studies may be needed to 
substantiate the findings as our study was conducted 
in only two institutions with limited sample size.

Future directions for research include the need to 
invent N95 masks with lesser resistance. Factors 
improving mental adaptability to newer situations 
need to be focused upon. Also, there is a need for 
better mental health initiatives for HCW.

CONCLUSION

N95 mask was the most preferred safety precaution. 
Ease of use was an important consideration apart 
from safety with respect to adherence to safety 
precautions. Resilience of mind, physical and 
mental acclimatisation played an important role in 
adherence despite difficulties. Improved knowledge 
of disease spread helped change in behaviour 
patterns and reduction in stress levels. Innovative 
solutions played an integral role in overcoming these 
challenges.
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INTRODUCTION

Parasacral ischial plane  (PIP) block is a new fascial 
plane approach to the sacral plexus. It is relatively 
an easy technique and does not require visualisation 
of the sacral plexus. It can reliably be performed 
in limb‑amputated patients where neuromuscular 
stimulation is less useful.[1] We present a case series 
of diabetic wound debridement surgeries done under 
PIP block.

CASE SERIES

After obtaining approval from the institutional ethics 
committee (and informed written consent), 10 patients 
of the American Society of Anesthesiologists physical 
status II‑IV, aged between 18 and 70  years, posted 
for elective lower limb debridement surgeries were 
enroled in this prospective case series. Patients 
refusing nerve block, having an allergy to local 
anesthetics, or infection at the site of nerve block 
were excluded. The study was done at a tertiary 

healthcare hospital and followed the principles of 
the Declaration of Helsinki. The total duration of the 
study was 3 months  (February to April 2022). In the 
preoperative holding area, baseline noninvasive blood 
pressure, oxygen saturation, and electrocardiography 
were monitored. Five minutes before the procedure, 
1 mg of midazolam was given intravenously.

The patient was positioned in Sim’s position with the 
lower limb to be blocked placed in the nondependent 
position. A curvilinear ultrasound  (US) probe of 2‑5 
megahertz frequency was placed along the line joining 
the greater trochanter and posterior superior iliac 
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spine (PSIS). The medial edge of the probe was placed 
directly on the PSIS [Figure 1a and b]. Then the probe 
was moved in the infero‑medial direction [Figure 2a], 
as described by Bendtsen et al.[2]  (parasacral parallel 
shift). Posteromedial border of the ischium with the 
pyriformis muscle overlying it was identified at the 
level of the greater sciatic foramen [Figure 2b]. A 100 to 
150 mm, 22‑gauge needle was inserted in an in‑plane 
approach from lateral to medial direction, targeting 
the posteromedial border of the ischium. Twenty mL 
of 0.5% ropivacaine was injected after the contact of 
needle tip with the bone. Local anaesthetic spread under 
the piriformis toward the sacral plexus was looked for. 
Patients were assessed every minute for sensory onset, 
by pinprick method on the dorsal and plantar aspects 
of the foot and the block was categorised as 0 = sharp 
pain, 1 = dull pain, and 2 = no pain. Motor power was 
graded by evaluating the plantar and dorsiflexion of 
ankle joint as 0 = normal motor power, 1 = reduced 
motor power, and 2  =  complete block. The motor 
block that was achieved at the end of 30  minutes 
was considered final. At the end of 30 minutes, if the 
patient had the pain to pinprick on the dorsal aspect of 
the foot, then the block was considered as failed.

As some of the procedures were performed in the 
femoral nerve sensory distribution area, US‑guided 
femoral nerve block was also performed in all patients. 
Intraoperatively, if the patient experienced mild 
pain [numerical rating scale (NRS) ≤3], 0.5 mg/kg of 
ketamine was given intravenously. This was repeated 
at 10‑minute intervals to a maximum of two times, 
after which the block was considered a failure, and 
the patient was given general anaesthesia. NRS was 
used for postoperative pain assessment. At a score of 5 

or more, patients were given tramadol 50 mg and the 
study concluded at this point.

Time taken to perform the PIP block was defined as 
the time from placement of US probe till the end of 
local anaesthetic injection and needle withdrawal. The 
onset of sensory block was calculated from the time 
of completion of injection of local anaesthetic till the 
patient felt no pain from a pin prick. The onset of motor 
block was calculated from the time of completion of 
local anaesthetic injection to complete loss of motor 
power. The duration of the block was calculated 
from the onset of the sensory block to the first rescue 
analgesia. Surgeon satisfaction was assessed: Complete 
satisfaction–needs the same anaesthesia for future; 
partial satisfaction–needs some improvement in 
anaesthesia; not satisfied–needs different anaesthesia.

All patients underwent debridement procedures for 
the diabetic foot [Table 1]. Six patients were operated 
in the foot and four patients in the foot and leg. The 
time taken to perform the block was ≤4 minutes in all 
cases. Time taken for full sensory loss was 9 minutes to 
15 minutes. None of the patients developed a complete 
motor blockade till 30  minutes after our observation. 
Four patients had normal motor power (score of 0) and 
six patients had reduced power (score of 1). First rescue 
analgesia was needed at 10 to 24 hours. The surgeon 
satisfaction score was graded as complete satisfaction in 
seven patients and partial satisfaction in three patients.

DISCUSSION

The sacral plexus is located in a fascial plane which 
is formed by various structures. It is surrounded 

Figure 2:  (a) Curvilinear probe is moved inferomedially (parasacral 
parallel shift). (b) Corresponding ultrasound picture showing greater 
sciatic notch, ischium, and sacral plexus

Figure  1:  (a)  Curvilinear probe placed on the medial edge of the 
line connecting PSIS and GT. (b) Corresponding ultrasound picture 
showing iliac bone

b

a

b

a
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anteriorly by the pelvic fascia, medially by the sacral 
bone, laterally by the ischium, and posteriorly by 
the piriformis muscle. Lateral to the sacral plexus, a 
fascial plane exists between the ischial bone and the 
piriformis muscle. This plane is in direct connection 
with the sacral plexus. Thus, the injection of any drug 
into the plane between the ischium and piriformis will 
result in the drug reaching the sacral plexus. 

The PIP block offers various benefits. As PIP is a 
fascial plane block, it does not require accurate needle 
tip placement. The needle tip is distant to the neural 
structures, thereby averting neurovascular damage. 
Unlike neural elements, bony structures are easily 
evident on US even in patients with tissue oedema 
or obesity. Hence, it is an easy procedure with a high 
success rate. In patients with above‑knee or below‑knee 
amputation where neuromuscular stimulation is less 
useful, PIP block can be done consistently.[1] This 
concept of PIP block has been validated by Narayan 
et al.[3] in their cadaveric study.

We were successful in performing the PIP block 
in all the patients. In our study, the time taken for 
performing the block was less than 4 minutes in all 
patients. As claimed by Venkataraju et al.,[1] we also 
found the block to be easy and less time‑consuming. 
Hussien et al.[4] in their study comparing the US‑guided 
sciatic nerve block through popliteal and subgluteal 
approach found that the time taken to perform the 
block was 11 ± 4 minutes in the popliteal approach 
and 18.15 ± 4.7 minutes in the subgluteal approach.

The time to full sensory block was 9  minutes to 
15  minutes. This was similar to the results of the 
study by Bansal et  al.[5]  (13.58  ±  2.604  minutes). In 
our study, we wanted to assess the motor block of the 
sciatic component alone. It was assessed by asking 

the patient to push the foot against resistance.[6] 
Four patients had normal ankle motor power and six 
patients had reduced power at the end of 30 minutes 
of the block. Since the sensory block was adequate 
and the procedure was only wound debridement, 
we proceeded with the surgery. In three patients, the 
surgeon had a partial satisfaction score. This was due 
to the absent motor blockade causing foot movement 
during surgery. Venkataraju et  al. in their trial 
performed a PIP block with 20 mL 0.375% bupivacaine 
for postoperative analgesia along with general or 
spinal anaesthesia. Although the analgesia was good, 
the author has not mentioned the motor power. None 
of the patients required intraoperative supplemental 
analgesia. Three patients had toe amputation along 
with curettage and cleaning of the metatarsal bone. 
There was no pain during the bone cutting.

Subgluteal[7] and popliteal sciatic nerve[8] block 
is being used as a sole anesthetic technique for 
below‑knee surgeries. As the PIP block covers the 
posterior cutaneous nerve of the thigh, it has the 
advantage of covering tourniquet pain as compared to 
the gluteal or popliteal sciatic nerve block. Both foot 
and leg wound debridement surgeries were included 
in our study. However, tourniquet was not demanded 
by the surgeons. We used only 0.5% ropivacaine, 
20 mL for PIP and 15 mL for the femoral block. More 
patients need to be studied and drugs like bupivacaine 
need to be used to know more about the PIP block 
characteristics. The operated leg was dressed with a 
cotton bandage postoperatively in the patients in our 
case series. Thus, we could not properly assess the 
postoperative sensation and motor power. Hence, we 
used the time to first rescue analgesia as the duration 
of the block. We studied PIP block for leg and foot 
surgeries only. Nevertheless, the block also needs to 
be studied in surgery involving the thigh.

Table 1: Patient demographics and procedural parameters
Case 
No.

Age (years)/
gender

ASA 
grade

BMI 
kg/m2

Surgery 
site

Block 
duration (min)

Sensory 
onset (min)

Motor block 
at 30 min

Time to rescue 
analgesia (hours)

Surgeon 
satisfaction score

1. 90/M III 36.8 Leg 5 12 1 24 1
2. 62/M II 25.5 Leg 3 10 0 9 2
3. 73/M III 25.7 Leg 3 9 1 16 1
4. 60/M II 23.4 Foot 4 14 0 8 2
5. 62/M II 24 Foot 4 11 0 8 1
6. 64/M III 25.9 Foot 3 6 1 11 1
7. 35/M II 25.5 Foot 3 12 1 24 1
8. 40/M II 25.6 Foot 3 11 1 24 1
9. 72/M II 22.3 Foot 3 15 1 24 1
10. 48/F III 22.4 Leg 4 12 0 12 2
M, Male; F, Female; BMI, Body Mass Index; ASA, American Society of Anesthesiologists. Motor block 0=Normal Power, 1=Reduced Power, 2=Complete Motor 
Block, Surgeon Satisfaction Score 1=Completely satisfied, 2=Partially satisfied, 3=Not satisfied
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CONCLUSION

PIP block can be successfully used for lower limb 
wound debridement surgeries. It is technically easy, 
less time‑consuming, and provides adequate sensory 
analgesia in below‑knee surgeries.
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Comparison of C‑MAC 
videolaryngoscope with 
Macintosh laryngoscope for 
nasotracheal intubation by the 
novice anaesthesiologist

INTRODUCTION

The Macintosh laryngoscope  (MAC) is the most 
commonly used device for directly visualising the 
structures of the larynx and facilitating tracheal 
intubation.[1] Videolaryngoscopes  (VLs) improve the 
visualisation of the glottis and the rate of successful 
oral intubation[2] and are useful aids in teaching the 
laryngoscopy technique to novices. The view on the 
screen can help the teacher guide the novice and 
provide verbal feedback,[3] resulting in a higher chance 
of success during the intubation attempt. This has also 
been seen with tracheal intubations with VL in infants 
and neonates.[4]

Studies have demonstrated that a VL improves the 
laryngeal view and can ease intubation difficulty, 
particularly in novices when compared with MAC in 
routine orotracheal intubations.[5,6] There are no studies 
in the literature on nasotracheal intubation  (NTI) 
performed by novices comparing the use of MAC 
versus  (vs) VL. Hence, we conducted this study to 
compare the efficacy of the C‑MAC VL C‑blade with 
the MAC for NTI by novices in patients undergoing 
head and neck cancer surgeries.

The primary objective of our study was to compare 
the time for intubation using the C‑MAC VL vs MAC. 
The secondary objectives compared in each group 
included the rate of successful intubation, number 
of attempts for successful intubation, percentage of 
difficult intubations, Cormack–Lehane  (CL) grade at 
laryngoscopy, optimisation manoeuvres needed and 
the occurrence of trauma to lips, oral mucosa or blood 
on the laryngoscope.

METHODS

This prospective parallel arm, randomised controlled 
study was undertaken post approval from the 
institutional ethics committee  (IEC/0318/2023/001 
dated 31 March 2018) and registration with the Clinical 

Trials Registry‑India  (CTRI/2018/05/013771). Patients 
included in the study were American Society of 
Anesthesiologists (ASA) grade I and II between 18 and 
60 years of age with Mallampati grade I and II, requiring 
NTI for elective head and neck cancer surgeries, after 
seeking written informed consent. Patients with an 
anticipated difficult airway, previously documented 
difficult intubation or previous head and neck surgery 
were excluded because the intubation was to be 
performed by a novice. Patients were randomised using 
computer‑generated permuted block randomisation 
with a 1:1 ratio to intubation using the C‑MAC VL (VL 
group) or the MAC blade (MAC group) [Figure 1].

This study was conducted at an apex Indian cancer 
centre for a period of 3 months from August 2018 to 
October 2018, where head and neck cancer surgeries 
account for over  20% of the total surgeries. It is a 
routine practice for residents including novices to 
perform NTI as part of their routine work and training 
under the supervision of a consultant and hence no 
consent was sought from them for participation in the 
study. Novices were defined as anaesthetic residents 
who had done a minimum of five oral intubations 
using the MAC blade and five oral intubations using 
the C‑MAC C‑blade and less than five nasal intubations 
with either device. This definition ensured that the 
intubators were not complete novices to intubation, 
but had minimal experience with NTI.

Standard general anaesthesia was induced after 
topical nasal vasoconstriction with xylometazoline, 
with 8  L/min supplemental oxygen using nasal 
cannula provided from the beginning of laryngoscopy 
till confirmation of a simple polyvinyl chloride (PVC) 
cuffed endotracheal tube placement.

Clinical Communication

Assessed for
eligibility
(n = 86)

Randomised
(n = 40)

Excluded from
study

(n = 46)

Macintosh group
(n = 20)

C Mac VL group
(n = 20)

Did not meet
inclusion criteria

(n = 42)

Did not consent
(n = 4)

Analysed
(n = 20)

Analysed
(n = 20)

Figure 1: Consorted standards of Reporting Trials (CONSORT)
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A research nurse  (independent observer) recorded 
all outcomes. The primary outcome was the time to 
intubation (TTI). This was defined as the time (seconds) 
from the beginning of laryngoscopy until confirmation 
of endotracheal tube placement with a capnograph. 
In case of repeated attempts, the time recorded was 
until successful endotracheal intubation. Success at 
intubation was defined as endotracheal intubation 
within two attempts. The number of attempts for 
successful intubation, the need for optimisation 
manoeuvres [backward, upward, rightward, posterior 
(BURP) manoeuvre], CL grading, occurrence of trauma 
to the oral mucosa, lip laceration or blood on the 
laryngoscope were documented. The percentage of 
difficult intubations in each group was graded and 
recorded according to the intubation difficulty score 
(IDS) as proposed by Adnet[7] et al. and a score of 5 or 
greater was considered as moderate to major difficulty.

Patient safety was ensured by direct supervision of the 
novice by the consultant, exclusion of patients with 
anticipated difficult airways, apnoeic oxygenation with 
a nasal cannula (8 L/min) until intubation and limiting 
the number of intubation attempts by novices to two.

Sample size calculations were based on a pilot study. 
To detect a decrease in intubation time by 20 s using 
the C‑MAC video laryngoscope, at a two‑sided 5% level 
of significance and 80% power, 20 pairs of intubations 
were needed. Categorical variables were compared 
using the Pearson’s Chi‑square test. Continuous 
variables were expressed as median  [interquartile 
range (IQR)] and compared using an unpaired t‑test 
if the data followed a normal distribution and a 
Mann–Whitney U test if the data were not normally 
distributed. The statistical software used for the 
analysis was the Statistical Package for the Social 
Sciences (SPSS) [International Business Machines 
(IBM) Corporation USA] version 21.

RESULTS

A total of 40  patients posted for elective head and 
neck cancer surgeries, requiring NTI were included 
in the study, and their baseline airway assessment 
parameters were recorded  [Table  1]. None of the 
patients were found to have limited neck extension, 
previous radiotherapy, limited mouth opening or 
thyromental distance <6 cm.

Thirty‑nine out of 40  patients underwent successful 
NTI. In one patient, nasal intubation caused trauma 

and false passage and was abandoned and converted 
to orotracheal intubation.

The TTI by novices in the VL group had a median value 
of 97.5 s (69.7–134.5) compared to 94 s (56–106) in the 
MAC group (P = 0.318). The VL and MAC groups were 
comparable for need of optimisation manoeuvres; 
4 patients in MAC group and 1 patient in VL group 
had IDS  >5  [Table  2]. There were two incidents of 
mucosal lip injury in the MAC group and one incident 
of nasal airway trauma in the C‑MAC group.

DISCUSSION

In our study, we found that there was no difference 
in TTI for nasal intubations with VL and MAC 
laryngoscope. The VL group had less need for 
optimisation manoeuvres and a lower IDS, although 
this was not statistically significant, with a P value of 
0.34.

VL has been used by novice anaesthesiologists for 
orotracheal intubation with contrasting results in a few 
studies. Liu[8] compared McGrath vs MAC laryngoscope 
for orotracheal intubation by inexperienced 
anaesthetists demonstrating that for orotracheal 
intubation in patients with a normal airway, McGrath 
compared with the MAC allows superior glottis 
views, greater ease of intubation, less complications 
and haemodynamic changes with statistically 
non‑significant difference in intubation time.

Kwak[9] carried out a randomised study in experienced 
anaesthetists showing that TTI was shorter in the 
McGrath VL group as compared to the conventional 
MAC group (34.4 ± 13.7 vs 44.9 ± 15.6 s). Rajan[10] 
et al. compared the C‑MAC VL D blade to the MAC 
laryngoscope to aid NTI and found TTI to be much 
shorter in the VL group  (24 vs 68 s). Jiang[11] et  al. 
did a systematic review and meta‑analysis and found 
that the VL improves the first attempt success rate, 
laryngeal visualisation and shortens time to intubation 
during NTI.

In the present study, we tried to find out whether the 
use of VL makes NTIs easier and quicker to learn for the 
novice anaesthetist as compared to the conventional 
MAC laryngoscope. We found no statistically 
significant difference between the VL and MAC groups 
in terms of the number of successful intubations, and 
the requirement of BURP. This is because the study was 
not powered to elicit this difference. But we found that 
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patients in the C‑MAC group had lower IDS (1 vs 4) in 
the C‑MAC VL group, compared to the MAC group.

The strength of our study is that it was a randomised 
trial with a well‑defined valid clinical primary outcome, 
the TTI. The TTI is influenced both by glottic view and 
ease of intubation, and also has significance clinically. 
We used the IDS to quantify ease of intubation, which 
is a well‑defined comprehensive numeric score. A few 
studies[2,6] have compared VL vs MAC for orotracheal 
intubations in novices, whilst ours compares for NTI 
for which evidence is lacking.

The limitations are that we could not blind the 
assessor to the type of device but this remains a 
common challenge in all VL‑related studies. We 
tried to minimise this bias by the use of objective 
endpoints and the presence of an independent 
assessor.

CONCLUSION

The study concludes that the use of the C‑MAC VL for 
NTI is not superior to the conventional MAC in the 
hands of the novice anaesthesiologist.
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Table 1: Patient demographics and airway assessment
Characteristics Macintosh laryngoscope group (Mean±SD) C‑MAC VL group (Mean±SD) P using t‑test
Age (years) Mean±SD 45.25±8.729 47.70±8.234 0.367
Gender (Male:Female) 15:5 14:6 0.763
Height (cm) Mean±SD 163.65±11.57 160.95±8.01 0.396
Weight (kg) Mean±SD 62.75±9.16 61.10±11.76 0.624
BMI (kg/m2) Mean±SD 23.77±5.24 23.49±3.51 0.84

ASA I 16 14 0.716
ASA II 4 6 0.716

Airway assessment Macintosh laryngoscope (n=20) C‑MAC VL (n=20)
Mallampati classification III or IV ‑ 2
Limited tongue protrusion ‑ 2
Obesity 1 ‑
Buck teeth/missing incisors 1 2
Nil significance 18 14
ASA: American Society of Anesthesiologists; BMI: Body mass index; SD: Standard deviation; VL: Videolaryngoscope. Values for characteristics other than Age, 
Height, Weight and BMI stand for number of patients (n)

Table 2: Comparison between the Macintosh laryngoscopes and C‑MAC VL
Macintosh Laryngoscopes (n=20) C‑MAC VL (n=20) P

Time to intubation (seconds) Median (IQR) 94 (56‑106) 97.5 (69.7‑134.5) 0.318
Successful intubation 16 18 0.661
Intubation difficulty score (IDS/Adnet score >5) 4 1 0.342
Intubated in 1st attempt 15 17 0.407
Optimisation manoeuvre 15 11 0.185
Use of adjunct Magill forceps 5 3 0.6948
CL grade I view With optimisation=11 

Without optimisation=4
With optimisation=6 

Without optimisation=8
0.648

Trauma 2 1 1
IQR: Interquartile range; CL: Cormack‑Lehane; VL: Videolaryngoscope. Values for parameters other than Time to intubation stand for number of patients (n)
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Simple kitchen cling film, 
an affordable alternative 
as ultrasound probe cover 
for peripheral nerve blocks: 
A prospective cross‑sectional 
observational study

INTRODUCTION

The use of ultrasound  (US) in anaesthesia and 
intensive care has evolved over time to become an 
unavoidable component of modern practice. Evidence 
corroborating its use is accumulating day by day. In 
modern anaesthesia practice, peripheral nerve blocks, 
central venous cannulation, airway assessment, 
intragastric volume assessment, point of care US 
(POCUS), and focused assessment with sonography in 
trauma (FAST) are examples of its widening horizons.[1]

Some authors have averred that the US probe is a 
potential vector for the transmission of pathogens 
such as methicillin‑resistant Staphylococcus  aureus 
and Pseudomonas, among others. The sterilisation 
principles, which are a basic prerequisite for 
invasive interventional procedures, may not be 
respected sometimes during ultrasonography‑guided 
interventions, with the routine practice of simply 
wiping off the gel from the probe head after scanning 
using dry soft tissue paper. Therefore, the authors 
have expressed doubt if this cleaning protocol confers 
adequate disinfection.[2‑6] There appears to be an urgent 
need to strengthen the current antimicrobial cleaning 
techniques and consider newer ones in the light of the 
recent emergence of severe, lethal infections.

The European Society of Radiology Ultrasound 
Working Group has advised using sterile gel for 
treatments that are semicritical and critical.[7] 
Nevertheless, the use of gels to prevent probing surface 
damage with pre-ultrasound‑guided attenuation 
(UGA) probe cleaning, the agents used, and methods 
of preservation of US probes are currently topics of 
research.

The price of the material used to cover the probe 
during peripheral nerve block is a significant issue in 
a setup with limited resources. The crucial elements 
include visibility and asepsis, in addition to the cost 

aspect. Transparent and adhesive camera covers 
and ready‑to‑use sterile probe covers are frequently 
used.[1,7] The price seems to be out of reach in a 
situation with scarce resources. Sterile gloves are the 
less expensive choice, but visibility is sacrificed.[2] 
This research was done to assess the visual appeal, 
practicality, and affordability of using a cling film 
(a thin plastic film often used to seal food items) to 
cover ultrasonic probes.

METHODS

The study was approved by the institutional 
ethics committee (DMMC (DU)/IEC/2021/15 dated 
30.10.2021). The study was conducted from November 
2021 to April 2022 in centres where US‑guided 
peripheral nerve blocks/fascial plane blocks were 
routinely practised. A  written informed consent 
was obtained from the patients and the study was 
conducted in accordance with the principles of the 
Declaration of Helsinki.

To cover the ultrasonography (USG) probe with ‘Cling 
Film’ for peripheral nerve blocks in 100 patients who 
were enroled for surgical intervention requiring 
regional anesthesia and deemed fit for it were 
included in the study. The sample size for the study 
was calculated using the formula: N = (Zα/2)

2 P (1‑P)*1/
E2 (where P is the prevalence or proportion of event of 
interest for the study, E is the Precision (or margin of 
error) = (1.96) 2*0.35*(1‑0.35)/(0.07) 2 = 98.75 = 100). 
All the study subjects were administered alprazolam 
0.5 mg and pantoprazole 40 mg tablets orally the night 
before surgery.

We found the plexus with a typical routine scan using 
ultrasonic coupling gel after securing the intravenous 
line and attaching the standard routine monitors to get 
an idea of the image for comparison and the location 
of the plexus. An expert investigator measured the 
linear US probe of the ultrasonic device in the supine 
position for peripheral nerve blocks and fascial plane 
blocks using the USG machine. Later, the assistant 
holding the probe applied ultrasonic gel and sterile 
lignocaine gel to the transducer’s contact area and 
another assistant applied the probe cover using cling 
film in such a way as to avoid any air bubble at the 
interface [Figure 1]. The operator then held the probe 
using a sterile towel.

The probe transducer was then cleaned with alcohol 
and then dipped in povidone iodine 5% so as to provide 
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RESULTS

In our study, the mean age of the patients was 
32 ± 7.65 years and majority of them were males (66%).

The probe cover was used for the administration of 
69 supraclavicular blocks, 16 interscalene blocks, 3 
axillary blocks, 7 transversus abdominis plane (TAP) 
blocks, and 5 popliteal sciatic nerve blocks [Table 1].

During postoperative follow‑up, on the assessment 
of pain at the injection site, 88% of patients had only 
mild pain (0‑3), whereas only 12% complained of pain 
(3‑5) [Table 2].

There were no local signs and symptoms of 
inflammation and all patients  (0‑3) exhibited only 
mild tenderness.

On subjective feedback, 77% patients rated the 
experience as good  (G), whereas 23% rated it as 
Fair (F), and no one rated it as Bad (B).

We found a good inter‑rater reliability among the 
anaesthesiologists for visibility and ease of application 
of the cling film cover [Table 3 and Figure 2].

DISCUSSION

Our objective was to find out a cost‑effective and safe 
alternative with clear visibility for US probe cover. 
For procedures like peripheral nerve blocks, central 
venous cannulation, and central neuraxial blockade, 
strict asepsis is mandatory. There are reports of 
bacterial infections transmitted by US probe and 
coupling gel.[1]

Table 1: Distribution of cases as per selection of block
Type of regional block Number Total
Supraclavicular block 69

100Interscalene block 16
Axillary block 03
Transversus abdominis plane (TAP) block 07
Popliteal sciatic block. 05

aseptic protocol during the procedure. The nerve block 
was then administered after following the asepsis 
protocol for skin preparation. The images obtained 
from the respective anatomical regions were recorded 
and observed by five different anaesthesiologists for 
its quality.

The variables that were assessed included the 
following: 
(1)	 Complaint of injection site pain on a 0 to 10 

Numerical Pain Rating scale (a score less than 3 
was considered as normal).[8]

(2)	 Injection site examination for increased local 
tenderness, redness, and swelling (I‑Mild 
local tenderness: Score 1‑3; II‑Tenderness with 
redness: Score 3‑5; III‑Tenderness with redness 
and swelling: Score 5‑10). 

(3)	 Evaluation of the quality of the images obtained. 
This was done by five anaesthesiologists who 
were experienced in ultrasound guided regional 
anaesthesia. Likert scale was used for evaluation 
(Score: 1: insufficient image, 2: reasonable 
image, 3: good image, 4: fairly good image, 5: 
ideal/optimal image–Likert scale).

(4)	 The convenience of the application in terms of 
the ease of application and the convenience of 
use which was graded as: 1 = poor, 2 = fair, 
3 = moderate, and 4 = good. The cost of each 
of the different membranes for a single use was 
calculated.

Statistical analyses were performed with Statistical 
Package for the Social Sciences version 15.0 software 
(SPSS Institute, Chicago, IL, USA). Continuous data 
were tested for normality. Normally distributed data 
were summarised using mean and standard deviation 
and were compared using one‑way analysis of variance 
test. Bonferroni correction was used. A  P  value less 
than 0.05 was considered to be statistically significant.

Figure 1: Cling film fitting snugly to US probe

Table 2: Postoperative follow‑up
Corresponding scale Count/Value
Numerical Pain Rating (NPR) score (0‑10) 0‑3 3‑5 5‑10
Number of patients 88 22 0
Local inflammation scale (1‑10) 1‑3 3‑5 5‑10
Number of patients 100 0 0 
Feedback Good Fair Bad
Number of patients 77 33 0 
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The idea of using simple kitchen film surfaced in 
search of the 3 ‘A’s, that is, Availability, Affordability, 
and Appropriateness. There are many commercial 
US probe/transducer covers available in the market. 
Options available at our disposal were camera cover, 
sterile gloves, coupling gel, and transparent adhesive 
dressing.

The camera cover and transparent adhesive dressing 
are good alternatives in terms of visibility, but they 
are relatively costly. Also, their regular availability in 
rural setups is an issue. Tight adherence to the probe 
is also an issue with these alternatives.[2]

Sterile gloves are readily available but are relatively 
costlier and the issue is also of compromised visibility. 
Nevertheless, Suresh et  al.[2] have demonstrated the 
improvised use of the glove barrier.

Saroa R et  al. used tailor‑made cloth cover for the 
cord of the machine instead of the camera drape or 
other commercial shield which covers the cord. 
Nonetheless, we resorted to the use of a sterile towel 
in our study cases.[3]

The simple kitchen cling film is a relatively affordable 
alternative and a single rim can comfortably be used 
for atleast 400  patients. Also, it fits snuggly to the 

probe and the visibility of the US image is at par with 
readily available probe covers.

We have been using cling film regularly because of 
its favourable cost and visibility. It is cleaned with 
'Sterillium' (a hand disinfectant containing propan-2- 
ol,propan-1-ol, mecetroniumetilsulfate, glycerol, etc) 
or alcohol/spirit[4,5] and then dipped in 'Betadine' 
(povidone-iodine).[6] This acts as a sterile coupling 
gel over the outer surface of the cling film, thereby 
improving the visibility. The added advantage is of 
sterility.

The recommendations from the European Society of 
Radiology Ultrasound Working Group were laid to 
prevent cross‑infection by the US probe in radiology. 
The authors used sterile US coupling gel at the outer 
surface, with the aim of providing additional effects on 
aseptic working conditions. The concept of providing 
sterile US probe covers in combination with sterile 
single‑use US coupling gel is promising in reducing the 
cross‑infections produced by USG.[7] In our case, we 
used the gel under the film, cleaned with Sterillium, 
and dipped in Betadine, thus getting the advantage of 
visibility at par with the sterile transparent dressing 
along with asepsis.

During follow‑up, we looked for pain at the injection 
site; 88% patients in Group  A had only mild pain 
(0‑3) on a NRS of 0‑10, whereas only 12% in Group B 
complained of pain (3‑5) on the NRS. We asked 
leading questions and it was a subjective perception 
of pain. However, we observed that the patients were 
not able to distinguish between pain and discomfort 
and some confusion existed between the injection site 
and operating site. We considered it as a subjective 
variation related to the number of pricks due to 
operator variability in experience.

In most of the study cases, there were no local signs 
and symptoms of inflammation and there was only 
mild tenderness on the scale of 0‑10. This is considered 
acceptable. On subjective feedback, 77% patients rated 
the experience as good  (G), whereas 23% rated it as 
Fair (F), and no one rated it as Bad (B). We considered 
this as variability in experience of the operator and 
patient perception as well. Hence, it can be assumed 
that cling film did not cause any local inflammatory 
response on patients’ skin.

This technique has been in use since the year 
2020 and the results appear to be satisfactory and 

Table 3: The cost, visibility, and ease of application
Cling film Inter‑rater 

reliability Cohen’s 
Kappa score

Cost/use 0.20 INR Approx NA
Visibility (mean score±SD) 4.85±0.30 0.88
Ease of application (mean±SD) 3.20±0.45 0. 82
NA, Not Applicable; INR, Indian Rupee; SD, Standard Deviation

Figure 2: US image quality
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encouraging. We were able to achieve asepsis along 
with good quality image with avoidance of contact 
between the probe and puncture site. We propose that 
cling film can be easily used in place of costly probe 
covers for performing single‑injection US‑guided 
nerve blocks.

Our study has some limitations. Being a prospective 
cohort study, there was no comparative group in 
the present study. We used this application only for 
peripheral nerve blocks/fascial plane blocks. Also, we 
did not use it for vascular access.

CONCLUSION

Cling film cover for USG‑guided peripheral nerve 
blocks is cost‑effective, avoids direct contact between 
US probe and puncture site, and thereby minimises 
infection risk with no alteration in image quality. 
Based on our prima facie observations, we propose that 
it can be easily used as a probe cover for performing 
single‑injection USG‑guided peripheral nerve blocks. 
We did not observe any local side effects of the cling 
film. Large‑scale microbial studies are needed to prove 
its sterility.
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Pre‑operative short‑term 
pranayama (yoga) decreases 
intraoperative opioid consumption 
in patients undergoing on‑pump 
cardiac surgery

INTRODUCTION

Pranayama is an ancient yoga‑based breathing 
practice and the therapeutic aspects of the same on 
the mind and the body have been a subject of research 
for clinicians and pain physicians.[1] Yoga‑based 
breathing practices reduce chronic pain in patients 
with osteoarthritis, back/neck pain, and carpal tunnel 
syndrome and also effectively mitigate the acute pain 
in labour and the postoperative pain in women after 
gynaecological surgery.[2] The effect of pranayama on 
presurgical and postsurgical anxiety in a similar subset 
of patients has been published.[3] However, the effect 
of these practices on intraoperative pain perception 
and analgesic requirements are yet to be studied.

Traditionally, hypnosis and analgesia have both 
been monitored using haemodynamic parameters 
like blood pressure, pulse rate, etc.[4] Closed‑loop 
anaesthesia delivery system  (CLADS) developed at 
our institute is an automated drug delivery system that 
uses the bispectral index (BIS) as feedback to deliver 
the hypnotic drug (propofol) by a computer‑controlled 
infusion pump interfaced with the system.[5]

The primary objective of this prospective 
randomised controlled study was to compare the 
intraoperative consumption of intravenous fentanyl 
in patients practising preoperative short‑term (5 days) 
pranayama  (yoga training) with comparable 
controls during on‑pump coronary artery bypass 
grafting/valvular surgery under CLADS. The secondary 
objective was to assess whether the decrease in 
opioid consumption translates into shorter intensive 
care unit  (ICU) stays. We conducted a pilot study of 
10 patients to assess the feasibility and acceptability 
of the approach before the trial.

METHODS

Adult patients  (aged 20‑60  years) undergoing 
either on‑pump coronary artery bypass grafting or 

valvular surgeries were recruited after approval 
of the institute’s ethics committee (NK/3047/
MD/807) and trial registration on ClinicalTrials.
gov  (NCT03127891). A  written informed patient 
consent was taken and the study was done in 
accordance with the principles of the Declaration of 
Helsinki. As there were no previous studies related 
to the topic, sample size calculation was not done 
and a convenience sample of 40 patients was chosen 
after conducting a pilot study on 10 patients. Patients 
with severe pulmonary disorders, heart failure, 
smoking or alcohol abuse, neurologic or psychiatric 
disorder, or receiving any new cardiovascular 
modulating drug during hospitalisation were 
excluded from this study. Patients were categorised 
into two groups using a random number table: 
group  C  (control) and group  Y  (yoga). Allocation 
was concealed using the sealed envelope technique. 
The study was conducted over a period of one year 
in the advanced cardiac centre of a tertiary care 
research and referral hospital. Patients in group C 
were not given any intervention but the yoga 
instructor held yoga sessions during preoperative 
hospitalisation for patients in group  Y. Only five 
sessions of 60  minutes each were conducted for 
five consecutive days and patients were listed for 
surgery the subsequent day.

Yoga sessions were held in the evening in a 
dedicated yoga room. The yoga instructor briefed the 
patients about the yoga sessions and supervised the 
performance of the following asanas: anulom‑vilom 
pranayama  (10  min), udgith pranayama  (10  min), 
nadi shodhana pranayama  (10  min), sheetali 
pranayama (5 min), bhramari pranayama (10 min), and 
yog nidra/relaxation  (15  min). The vital signs  [heart 
rate  (HR), systolic blood pressure  (SBP), diastolic 
blood pressure  (DBP), mean arterial pressure  (MAP)] 
and peripheral oxygen saturation) of the patients 
before and after each session were recorded using 
multiparameter vital sign monitors.

Patients in the control group were taken to the yoga 
room but not given a yoga intervention. All patients 
and their caregivers were made aware of the details of 
surgery and anaesthesia.

In the operating theatre  (OT), induction and 
maintenance of anaesthesia were performed with 
propofol using a CLADS to target BIS values of 
50 during precardio‑pulmonary bypass  (CPB), 
CPB, and post‑CPB phases of the surgery. Muscular 
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Table 1: Surgical procedures performed
Type of surgery Yoga (n=20) Control (n=20) P
CABG 13 9 0.203
MVR 3 8 0.076
AVR 1 2 0.548
DVR 1 1 ‑
Others (ICR/Aortic aneurysm) 2 0 ‑
AVR, Aortic Valve Replacement; CABG, Coronary Artery Bypass Grafting; 
DVR, Double Valve Replacement; MVR, Mitral valve replacement; ICR, Intra 
Cardiac Repair; n, number

paralysis for tracheal intubation was achieved with 
0.1  mg/kg of vecuronium bromide. Intravenous 
fentanyl in the doses of 3  µg/kg and 1  µ/kg was 
administered 5  minutes before induction and 
sternotomy, respectively. A  maintenance dose of 
fentanyl 1.0 µg/kg/h was initiated after induction and 
continued till the transfer of the patient from the OT 
to the ICU. CPB was initiated after heparinisation. 
Cardioplegia was repeated every 20 minutes. During 
bypass, the MAPs were maintained in the range of 
50‑70 mmHg. Weaning from CPB was performed in a 
stepwise manner.

A sudden sustained increase (>5 minutes) of HR and/
or blood pressure of more than 25% from the previous 
trend datasets with BIS values of 50 was considered 
as an indirect indicator of “intraoperative pain” after 
excluding hypovolaemia and hypercarbia. It was 
managed with a bolus dose of 1 µg/kg of fentanyl. 
A decrease in HR and/or blood pressure after bolus 
dose was considered confirmatory of nociception 
and data on intraoperative consumption of fentanyl 
in such cases were recorded. However, time points at 
which additional doses of fentanyl failed to decrease 
HR and/or blood pressure even after 15 minutes of 
drug administration were not considered to be due 
to intraoperative pain not included in the study.

Values of HR, BIS, and invasive blood pressure were 
recorded from the vital signs monitor  (S/Anesthesia 
monitor, DatexOhmeda Inc., Madison, Wisconsin). All 
the anaesthesia drug consumption data were recorded 
online using CLADS. The efficiency of anaesthetic 
depth control using CLADS was assessed by comparing 
the percentage of time BIS was maintained within 
± 10 of the target BIS value.

The statistical analysis was carried out using 
International Business Machines, Statistical Package 
for Social Sciences version 20.0 (IBM Corp; Armonk, 
New York) for windows 2010. All quantitative variables 
were represented as mean ± standard deviation and 
median (interquartile range). Their 95% confidence 
intervals were calculated. The normality of data was 
checked by graphs (histograms, box and whisker plots, 
Q‑Q plots) and statistically by measures of skewness 
and kurtosis. For normally distributed data, means 
were compared using a t‑test. For skewed data, the 
Mann‑Whitney test was applied. All statistical tests 
were two‑sided and were performed at a significance 
level of P < .05.

RESULTS

Fifty two patients were assessed for eligibility; 12 were 
excluded. The remaining 40 patients were randomised 
equally in the groups [Figure 1]. Demographic 
characteristics of the patients were comparable 
and the distribution of surgical procedures 
performed was similar among the groups [Table 1].[3] 
Intraoperative anaesthetic consumption of propofol 
(induction/maintenance agent) and vecuronium 
(muscle relaxant) was comparable [Table  2]. 
Intraoperative consumption of fentanyl was lower 
in the yoga group, P =0.010. The efficiency of 
anaesthetic depth with CLADS was better in the 
yoga group, P = 0.04. Mean values of intraoperative 
haemodynamic parameters namely HR, SBP, DBP, and 
MAP were comparable in both the groups during the 
pre‑CPB, CPB, and post‑CPB period.

The average duration of postoperative mechanical 
ventilation was 9.90 ± 4.80 h in the yoga group and 
14.50 ± 4.30 h in the control group. This difference 
was statistically significant with a P  value of .003. 
Significant reduction in the average duration of ICU 
stay was seen in the yoga group compared to the control 
group (32.60 ± 14.31 versus 67.6 ± 37.39 h, P =0.004).

DISCUSSION

Short‑term yoga decreased intraoperative fentanyl 
consumption in our subset of patients. A  possible 
explanation for this could be the effect of yogic 
exercises on various neurotransmitters in the brain; 
increased dopamine levels in the ventral striatum; 
and increased levels of inhibitory neurotransmitter 
gamma amino butyric acid in the thalamic region of 
patients practising yoga.[6‑8] The mesolimbic dopamine 
circuit has been shown to modulate responsiveness to 
opioids and the antinociceptive effects of dopamine 
are mediated by D2 receptors.[9]

Open heart surgeries are associated with significant 
acute pain and a proportion of these patients develop 
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chronic poststernotomy pain.[10] Thus, induction and 
maintenance of anaesthesia are done using high doses 
of narcotics which prolong postoperative recovery. 
There is growing evidence for the effectiveness of 
multimodal opiate sparing techniques for enhancing 
patient recovery and enabling fast track recovery.[11] In 
our study, a decrease in intraoperative consumption of 
fentanyl in the yoga group translated into a decreased 
duration of postoperative mechanical ventilation and a 
significant reduction in the average duration of ICU stay.

We used an automated drug delivery system (CLADS) 
in our study and monitored the duration of time 
the depth of anaesthesia was maintained in the 
recommended range (as measured by BIS) during 
the period. In our study, the efficiency of anaesthetic 
depth control using CLADS was better in the yoga 
group. Previous studies have also reported a decrease 
in sedative requirements of propofol in patients 
co‑administered with stress‑reducing therapy like 
music.[12]

Figure 1: The Consolidated Standards of Reporting Trials (CONSORT) diagram showing the flow of participants
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Table 2: Anaesthetic drug requirement and efficiency of anaesthetic depth control
Anaesthetic drug consumption Yoga (n=20) Control (n=20) P
Induction dose of propofol (mg/kg) 1±0.4 1.1±0.54 0.509
Total consumption of propofol

In mg/kg/h
In mg/kg

2.51±0.95
11.90±4.10

2.89±1.18
13.74±5.59

0.268
0.243

Total consumption of vecuronium (µg/kg) 212.74±80.85 241.86±184.22 0.521
Total consumption of fentanyl (µg/kg) 8.80±1.94 11.00±3.07 0.010*
% of time target BIS ±10 78.3±7.7 70.7±14.88 0.049*
Values are expressed as mean (standard deviation). *P<0.05 considered statistically significant. BIS, bispectral index; n, number
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CONCLUSION

Yoga is an established practice in our country. 
Incorporation of the same in the preoperative period 
decreases intraoperative opioid consumption, duration 
of mechanical ventilation, and ICU stay. Multicentric 
randomised controlled trials with a large sample 
size need to be conducted to quantify the percentage 
reduction in opioid consumption in patients practising 
preoperative yoga therapy for different durations.
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Anaesthetic management of 
a parturient with medullary 
cavernoma

Sir,

Cavernous malformations are usually seen in the 
brain, spinal cord, retina and skin. Pregnant women 
with cerebral cavernous malformations  (CCMs) pose 
great challenges to anaesthesiologists as their rupture 
is associated with maternal and foetal mortality. We 
report the anaesthetic management of a 32‑year‑old 
gravida 2, parity1 and abortion1  (G2P1A1) parturient 
diagnosed with CCM coming for safe confinement. 
Her first pregnancy was uneventful. During the first 
trimester of the present pregnancy, she had complaints 
of throbbing occipital headache, blurring of vision, 
slurring of speech, vomiting, numbness and a tendency 
to fall. She was referred to our institute for further 
management. Magnetic resonance imaging  (MRI) 
showed a medullary cavernoma of size 8 × 8 × 6 mm 
[Figure 1]. All other investigations were normal. She 
was conservatively managed with steroids, and her 
symptoms improved. At 38  weeks, she went into 
spontaneous labour, and it was decided to go for 
vaginal delivery, cutting short the second stage of 
labour. Labour epidural analgesia was provided as per 
our institutional protocol with intermittent boluses 
of 15 ml of 0.1% ropivacaine with 30 µg of fentanyl. 
Epidural boluses were repeated whenever the patient 
complained of pain. A live female baby was delivered 
by forceps. The postpartum period was uneventful.

CCMs are vascular malformations of the brain 
composed of dilated sinusoidal vessels which are lined 

by a single layer of endothelium with no intervening 
neural parenchyma. Both, sporadic and familial forms 
can occur and are present in 0.4%–0.8% of the general 
population.[1] The incidence of CCM in pregnancy 
is the same as in the general population. CCMs are 
responsible for 21%–48% of spontaneous intracranial 
haemorrhage during pregnancy. The risk of bleeding 
is 0.7%, and the risk increases further to 4.5% in an 
already ruptured malformation.[2] Other risk factors 
of bleeding CCMs are inherited cavernous vascular 
disease, brain stem lesions or coagulopathy. MRI helps 
to diagnose the site and size of the lesion. In acute 
bleeding, 3% saline, dexamethasone and 20% mannitol 
are used. Severely symptomatic CCM patients suffering 
from recent intracranial haemorrhage or uncontrolled 
epilepsy are considered for surgical resection. The 
emergency management for bleeding CCM is the same 
as in non‑pregnant patients.[3]

Vaginal delivery is not contraindicated in patients with 
small CCM.[4] Large lesions or recent haemorrhages 
are relative contraindications for vaginal delivery. 
During delivery, the use of labour epidural avoids a 
rise in blood pressure in response to painful uterine 
contractions. Other options for labour analgesia such 
as remifentanyl infusion, entonox, trans‑electrical 
nerve stimulation, etc., can also be considered. In 
the case of caesarean delivery, the anaesthetic goal 
is to prevent hypertensive episodes. Hence, spinal 
anaesthesia is preferred over general anaesthesia. 
Regional anaesthesia avoids the risk of difficult 
intubation, aspiration and polypharmacy and 
allows better neurological monitoring.[5] However, 
MRI examination of the brain and spinal cord is 
necessary to rule out a lesion at the spinal/epidural 
puncture site. In case of foetal distress or any other 
contraindication for regional anaesthesia, general 
anaesthesia is administered. Thiopentone is the 
induction agent of choice. Ketamine is avoided as it is 
associated with rise in blood pressure and intracranial 
pressure. Hypertensive responses to laryngoscopy and 
extubation should be obtunded pharmacologically by 
using intravenous lignocaine or esmolol. The use of 
invasive blood pressure monitoring offers tight blood 
pressure control. Suxamethonium is avoided, and 
rocuronium at a dose of 1.2  mg/kg is used to assist 
in rapid sequence induction. Anaesthesia can be 
maintained with oxygen, air and isoflurane. Partial 
pressure of carbon dioxide (PaCO2) should be kept at 
low normal values by controlled ventilation. Opioids 
can be used after the delivery. Oxytocin is used as an 
infusion. We avoided ergometrine in this patient as it 
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Figure 1: MRI picture showing hypointense medullary cavernoma 
measuring 8x8x6 mm
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causes hypertension which could have led to rupture 
of the CCM.

Due to the risk of CCM haemorrhage during pregnancy, 
counselling, risk assessment and curative treatment 
prior to planned conception are recommended. 
A  multidisciplinary team including obstetricians, 
neonatologists, neurologists and anaesthesiologists 
is required in the management of these patients to 
ensure good obstetric and foetal outcomes.
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Knotted J tip guidewire during 
central venous catheterisation in 
an infant

Sir,

A 66-day-old infant with biliary atresia was posted 
for the Kasai procedure. The child was taken up in a 
pre‑warmed operation room and standard monitors 
(electrocardiogram, pulse oximeter, non‑invasive 
blood pressure) were attached. Induction was done, 
with intravenous thiopentone 6  mg/kg, fentanyl 2 
µg/kg, atracurium 0.5 mg/kg, and the trachea was 
intubated with an uncuffed 3.5 mm endotracheal tube 
(ETT). Capnography and temperature monitoring were 
also done. Anaesthesia was maintained with oxygen, 
air and sevoflurane [minimum alveolar concentration 
(MAC)1] using the paediatric closed circuit.

Under all aseptic precautions, the patient was 
prepared and positioned for central venous line 
placement in a 15° Trendelenburg position. 
Jugular venous cannulation was attempted under 
ultrasonographic guidance and a linear probe of 
25 mm footprint was used for this purpose. The right 
internal jugular vein was identified and punctured 
with a 20‑gauge needle, the guidewire was inserted, 
and the position of the guidewire was confirmed 
in the jugular vein with ultrasound in a short axis 
view. However, the long axis view of the vein with 
guidewire could not be obtained due to the short 
neck of the infant.

There was difficulty in inserting the guidewire 
beyond 4  cm,[1] and hence we decided to redo 
the procedure. When we started pulling out the 
guidewire, we could bring out approximately 2.5 cm 
of it and the distal 1.5 cm remained inside. Another 
attempt of retrieving the guidewire was made but 
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failed as it remained stuck inside the vein. We then 
involved a paediatric surgeon, who gradually pulled 
the wire, and the vein along with the entangled wire 
was pulled out of the insertion point. The surgeon 
ligated this vessel and removed the guidewire to 
visualise a knot at the tip of the wire  [Figure  1]. 
Probably the guidewire had got stuck in a small vein 
above the jugular vein with a knot formation which 
resulted in non‑advancement of it further in the 
jugular vein as well as difficulty in withdrawing it 
fully out of the point of insertion.

Central venous cannulation complications that 
have been recorded in the past include arterial 
puncture (5–9%), haematoma (<2%), haemothorax 
(<1%), and pneumothorax (1–2%).[2‑4] Knotting and 
entanglement of multiple central venous catheters 
have been reported.[5,6] It was thus an unusual 
incidence of knot formation in the tip of the guidewire 
in our case. This means that any hindrance in the 
smooth insertion of the guidewire should prompt 
the anaesthesiologist to stop proceeding further and 
first figure out the cause of the issue before dilating 
the vessel.
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A broken intravenous cannula 
in external jugular vein: A rare 
catastrophe managed timely

Sir,
Peripheral intravenous cannulation  (PIVC) is an 
ordinary invasive procedure, used for the infusion of 
intravenous fluids, medications and sampling of blood 
in health care centres.[1] In an emergency, where rapid 
resuscitation is required or PIVC is difficult, external 
jugular vein (EJV) cannulation is preferred because of 
its anatomy and superficial location.[2] EJV in adults is 
usually cannulated witha 16 gauge (G)/18G intravenous 
cannula with a three‑way stopcock attached to prevent 
air migration.[3] PIVC can cause thrombophlebitis, 
infection, haematoma, and catheter fracture leading to 
a retained intravenous foreign body.[4]

We hereby report a 30‑year‑old female, gravida 2, 
parity 1, living 1 (G2P1L1), with nine weeks period 
of gestation, spontaneous expulsion of the foetus 
and vaginal bleeding. She was semiconscious with 
grade 2 shock and was immediately shifted to the 
operation theatre. Standard monitors were attached 
and an intravenous line was secured in the left EJV 
with a 16G cannula. Under general anaesthesia, 
abdominal hysterectomy was done for placenta 
accreta. Intraoperatively, the patient received 2 litres 
of crystalloids, 4 units of packed red blood cells, 
4 units of fresh frozen plasma and noradrenaline 
infusion which was later titrated and stopped by 
the end of the surgery. She was electively ventilated 
for 48 hours in a state of shock with pulmonary 
oedema. On postoperative day 2, the swelling was 
noted at the site of the EJV cannula on the left 
anterior aspect of the neck. While withdrawing the 
cannula, it was noticed that it was broken at its hub 
with a long piece left inside the vein [Figure 1a]. On 
examination, a cord‑like object was palpable under 
the skin.

Emergency ultrasound revealed an echogenic line 
in the superficial plane and non‑contrast computed 
tomography (NCCT) neck identified a foreign body 
in the left side of the neck extending from C2 to C6 
vertebral level in the subcutaneous and muscular 
planes [Figure 1b]. A 4.5 cm plastic tubing identified 
as a piece of the cannula was retrieved superficially 
from the subcutaneous plane and muscle by the 

cardiothoracic and vascular surgical team under 
general anaesthesia. During removal, a clot was 
seen at the tip of the cannula which might have 
prevented it from migrating into the vascular system. 
The procedure was uneventful and the trachea was 
extubated the next day.

The reports related to a broken intravenous cannula 
in the literature are related to central venous 
catheterisation  (CVC). The first case of intravenous 
embolisation of catheter fragments from a CVC was 
reported in 1954.[4] To the best of our knowledge, 
there are very few reports regarding the embolism 
of fractured peripheral intravenous cannula in the 
literature.

The reasons for the broken cannula were repeated 
attempts with the same cannula leading to 
structural failure, inferior quality of cannula, 
inadequate expertise, prolonged PIVC, frequent 
movement of the cannula site, repeated touching by 
the patient due to pain and irritation, reinsertion of 
guide needle during intravenous cannulation into 
the blood vessel and ignorance about the size of 
cannula used.[1] We conclude that repeated attempts 
at cannula insertion and neck movements of the 
patient probably resulted in the broken intravenous 
cannula in the EJV.
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Wooden chest syndrome: A 
curious case of fentanyl induced 
rigidity in adults

Sir,

Wooden chest syndrome  (WCS) is an underrated, 
underestimated complication under anaesthesia. We 
report a case of WCS with a normal induction dose of 
fentanyl during general anaesthesia.

A 35‑year‑old male of American Society of 
Anesthesiologists (ASA) grade  1 and weighing 
60  kg was posted for laparoscopic cholecystectomy. 
Preanaesthetic check‑up was unremarkable. On 
the day of surgery, he had a blood pressure  (BP) of 
164/90 mm of Hg and heart rate (HR) of 100/minute. 
Intravenous  (IV) midazolam 1  mg followed by 
fentanyl bolus of 100 µg was injected over a period 
of 30 seconds. He was preoxygenated for 3 minutes, 
after which an increase in serial two BP readings 
of 164/110 and 162/112  mmHg and HR readings of 
106/min and 110/min respectively  (2  minutes apart) 
was observed. This was followed by induction with 
intravenous  (IV) propofol 120  mg. Bag and mask 
ventilation was unsatisfactory with no visible chest 
rise despite adequate head tilt and jaw thrust. An 
oropharyngeal airway was negotiated with difficulty. 
Subsequently, injection succinylcholine 120  mg was 
administered. Laryngoscopy revealed a significantly 

narrowed glottic opening (Cormack Lehane grade 2b) 
and intubation was successful at the first attempt. 
Thereafter, auscultation revealed a completely silent 
chest with no capnogram trace. The patient was 
ventilated with 100% oxygen. After deepening the 
plane with sevoflurane, endotracheal tube position 
was reconfirmed and endotracheal suctioning revealed 
free catheter passage. IV hydrocortisone 100 mg and 
dexamethasone 8  mg were administered. Ventilation 
with volume control mode was unsuccessful with 
an unusually high airway pressure  (35 cmH20) and 
non‑delivery of tidal volume, that was overcome 
by switching to pressure regulated volume mode. 
Intraoperative arterial blood gas (ABG) analysis showed 
pH of 7.28. The duration of inadequate ventilation 
was around 5  minutes. Intraoperatively, the patient 
continued to have tachycardia, hypertension and 
high airway pressure which were relieved gradually 
intraoperatively. Post‑induction ABG analysis revealed 
respiratory acidosis[pH 7.18, partial pressure of carbon 
dioxide  (pCO2) 90 mm of Hg at a fractional inspired 
concentration of oxygen  (FiO2) of 1 and a positive 
end‑expiratory pressure  (PEEP) of 8  cm of water.] 
Dexmedetomidine infusion was started, titrated 
and stopped prior to reversal. The surgery lasted for 
about 1.5 hours. Extubation and the postoperative 
period were uneventful. ABGs analysed before and 
15 minutes post‑extubation was within normal limits.

Fentanyl‑induced skeletal muscle rigidity causing 
ventilatory failure is known to occur in WCS.[1] Fentanyl 
has a high affinity for opioid receptors; therefore, it 
produces a longer duration of analgesia compared 
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to other agents.[2] Although the exact mechanism is 
debated, the dopaminergic pathway‑mediated mu 
opioid receptor activation along with some contribution 
from delta and kappa receptors is thought to be the main 
culprit.[3] It is not uncommon in preterm or term infants 
with high‑dose opioid.[4] WCS usually occurs at much 
higher doses of fentanyl  (12–15 μg/kg in an adult), or 
when the drug is injected at a rapid rate.[5] It has been 
reported to occur in adults with prolonged lipophilic 
opioid infusion, and with high‑dose opioid, e.g., during 
cardiac surgery, but is uncommon with low/standard 
induction dose. It is characterised by breath‑holding 
spells, tense abdominal muscles, firm locked jaw, stiff 
extremities, hypoxia, hypertension and rarely fever. 
Chest wall rigidity decreases chest wall compliance 
making spontaneous and assisted ventilation difficult.[1] 
Rosal et al.[3] have mentioned increased airway pressure 
and respiratory failure in ventilated patients as an 
early manifestation of this particular syndrome. 
In our case, the presentation was similar. It was 
successfully managed with timely diagnosis and prompt 
interventions  (succinylcholine, dexmedetomidine and 
bronchodilators). Although naloxone is a promising 
drug for the management, it has its own side effects and 
can worsen laryngospasm, induce cardiac arrhythmias 
and trigger pulmonary oedema.[5] Intraoperative cardiac 
arrest, even with low dose fentanyl, has been reported.[6] 
Although most common with the rapid administration 
of large doses, this rare adverse effect may occur with 
small doses especially in neonates and infant.[7] Our 
idea of reporting this case is to highlight its importance 
and create awareness so that its timely diagnosis can be 
lifesaving.
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Sequential events of asystole 
and cranial nerve monitor 
induced narrow QRS complex 
ECG artefacts: An uncommon 
combination during a common 
neurosurgery

Sir,

Intraoperative evoked potential monitors and cranial 
nerve monitoring during posterior fossa surgeries have 
become the standard of care. These neuromonitors 
can produce electrocardiographic (ECG) artefacts 
mimicking ECG variations occurring during posterior 
fossa surgery.[1,2] This combination of true and 
artefactual ECG changes during the same surgery 
can cause management dilemmas and has not been 
previously described. We report such an experience 
during posterior fossa surgery.

A 29‑year‑old male presented with stridor and 
respiratory distress with Glasgow coma score 13, 
peripheral oxygen saturation  (SpO2) 92%, and 
respiratory rate 36/min. He had presented with 
right‑sided hearing loss, headache, blurring of vision, 
and gait instability for 8 months. A magnetic resonance 
imaging of the brain showed a 5.8  ×  5.3  ×  3.8  cm 
right cerebellopontine angle lesion with brainstem 
compression [Figure 1]. He was intubated and planned 
for emergency surgery. With standard monitors, 
anaesthesia was induced and maintained with total 

Figure 1: MRI brain showing 5.8 × 5.3 × 3.8 cm lesion in the right 
cerebellopontine angle region with brainstem compression

intravenous anaesthesia (fentanyl and propofol) 
titrated to a bispectral index of 40‑60. Ventilation was 
optimised to maintain normocarbia. Intraoperative 
cranial nerve monitoring with real‑time, free run 
electromyogram (EMG) to identify the proximity 
of the surgical area to the nerve and intermittently 
triggered EMG to precisely localise the cranial nerve 
was used. During the surgery, two episodes of transient 
bradycardia followed by an episode of asystole lasting 
for about 40 seconds  [Figure 2a] were witnessed and 
normalised upon removal of the surgical stimulus and 
administration of intravenous atropine without need 
for cardiopulmonary resuscitation. This was followed 
by a transient episode of hypertension and tachycardia.

As the surgery progressed, persistent narrow QRS 
complex tachycardia with a rate of 206 beats per minute 
was noted [Figure  2b]. Absence of corresponding 
changes in plethysmograph and arterial blood pressure 
waveform made us think of an artefact. We ruled out 
use of cautery, triggered EMG, or forced temperature 
warmer. However, EMG monitor was operational (for 
free‑run EMG) and subsequently switched off causing 
reversion to sinus rhythm. On further inspection, the 
stimulator probe of the EMG placed in the drape pocket 
was in proximity to the right arm ECG electrode with 
the stimulating end facing upward (otherwise buried 
within the drape pocket rest of the time). Hence, the 
probe position was also altered and the remaining 
intraoperative course was uneventful. The patient was 
further gradually weaned after tracheostomy.

Bradycardia (and asystole) and hypertension 
were secondary to brain stem and trigeminal 
nerve stimulation, respectively.[2,3] Artefactual 

Figure  2: (a) Intraoperative monitor trends showing transient 
asystole. (b) Intraoperative monitor with electrocardiogram mimicking 
supraventricular tachycardia, with normal SpO2 and invasive arterial 
trace. (c) A prototype of a drape pocket

c

b
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supraventricular tachycardia was possibly due to 
electrical interference from the cranial nerve monitor, 
although not commonly implicated to produce ECG 
artefacts. Electrocautery, evoked potential monitor, 
intravenous fluid warmers, or conductive heat 
mattresses are the more common offenders.[1,4] Only 
a single report mentions about atypical atrial flutter 
as an ECG artefact from the cranial nerve monitor 
(rectified following removal of the stimulator probe 
from the chest drape).[5]

Apart from stimulator resting in the drape pocket 
[Figure  2c], this report is unique because ECG 
artefact mimicking supraventricular tachycardia 
occurred following episodes of bradycardia, asystole, 
tachycardia, and hypertension. Hence, an accurate 
interpretation of ECG artefact was necessary to 
minimise the risk of unnecessary interventions such 
as previously reported erroneous use of adenosine, 
lignocaine, cardioversion, and other antiarrhythmic 
medications.[1]

Technically, the neuromonitoring circuit contains 
capacitors (with two leads across which always a 
potential difference exists) that store potential energy 
of accumulated electrons. Hence, a constant level of 
electric field can exist around the capacitor and thus 
the stimulating probe irrespective of the electrical 
circuit. This could have produced an electromagnetic 
interference of the closely placed ECG electrode to 
produce artefacts.[1,6] Wet drapes acting as a conduction 
medium to the ECG electrode is a remote possibility. 
We suggest that covering the ECG electrode with 
gauze and viscoelastic occlusive material, use of a 
plastic tube within the drape pocket to always bury 
the stimulating end of the probe, or placement of the 
stimulator probe away from the ECG electrode[1] could 
avoid these problems.

To summarise, vigilant ECG monitoring for artefacts 
during major neurosurgical procedures with expected 
cardiovascular instability not only avoids clinical 
confusion but also ensures timely intervention. Also, 
the adoption of few simple modifications as suggested 
can prevent such artefacts.
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The novel proximal 
para‑iliopsoas (PPIP) block for 
hip surgery: A technical report

Sir,

Several alternative approaches to the suprainguinal 
fascia iliaca (FI) block,[1] such as the circumpsoas block 
and the anterior iliopsoas plane block, targeting the FI 
compartment in the anterior surface of the psoas major 
muscle (PMM), have been proposed; nevertheless, the 
cranial and posterior spread of local anaesthetic may 
be unpredictable because cranial approaches would 
impinge on intraabdominal contents.[2]

This technical report presents four consecutive 
high‑risk cardiac hip fracture surgery patients in 
whom the novel proximal para‑iliopsoas (PPIP) block, 
targeting directly at L5/S1 was used to provide a 
consistent lumbosacral trunk (LST) and obturator 
nerve (ON) blockade in addition to the femoral nerve 
(FN) and lateral femoral cutaneous nerve (LFCN).[3] 
They were anaesthetised with a PPIP block (~20 to 
25 mL) combined with a sacral plexus block (~12 to 
15  mL) using ropivacaine 0.5% for hip arthroplasty 
under light sedation.

This approach has a different injection point—more 
cranial, medial and posterior—from the suprainguinal 
FI block.[1] The ultrasound probe is oriented 
obliquely from the anterior superior iliac spine 
(ASIS) (1  cm distally and medially) towards the 
umbilicus [Figure 1]; at L5‑S1 level, the iliac bone is 
seen as a J‑shaped hockey stick, instead of a straight 
line that terminates medially in the vicinity of the 
medial edge of the iliacus muscle (IM); the FI covers 
the IM and PMM anteriorly, but not the iliopsoas 
space[2]; additionally, an interosseous gap medial to the 
iliac bone identifies the sacroiliac joint (SIJ) [Figure 1].

The spread of the LA in the iliopsoas space at the 
L5‑S1 level after the PPIP block was documented. 
The LA was found to disperse towards the location of 
the lumbosacral trunk (LST), after an injection in the 
parapsoas region in the transition between the fascia 
iliaca (FI) and the iliopsoas compartments [Figure 1]. 
All the patients were successfully anaesthetised.

The FI is not present medial to the linea terminalis, 
hence, the ON cannot be blocked distal to it, but 
only superiorly at L5 or S1 ala level, where the ON, 
accessory obturator nerve  (AON)  (when present), 
FN, LFCN nerve are close together in the iliopsoas 
space [Figure 1]. At this level, the FI will also cover the 
LST over the S1 ala (terminates and attaches medially 
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Figure 1: (a) Performance of the PPIP block at L5‑S1 level. The sonoanatomical image before the injection (colour Doppler image from curvilinear probe). 
(b) The performance of the PPIP block: image after the injection of local anaesthetic  (two‑dimensional ultrasound image from a curvilinear 
probe). (c) A schematic diagram explaining the sonoanatomy related to the performance of the PPIP block at S1‑L5 level. The probe is placed 
(1 cm medially and distally) from the ASIS orientated towards the umbilicus. (d) Topographical landmarks for the performance of the PPIP block. 
The 120 mm needle advances from lateral to medial direction. The injection is performed at a depth of 6 to 10 cm. (e) Relevant anatomy for the 
performance of a PPIP block, circumpsoas block or supra‑inguinal fascia iliaca block
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to the L4/L5 vertebral bodies [Figure  1]), allowing 
anaesthesia of the trunk with the PPIP block.[4]

A study by Nayak et al.[5] and the study by Vermeylen 
et al.[3] confirmed the close proximity of the LST with 
the ON/AON in the same compartment at the S1 and 
L5 axial levels.

Using the PPIP block, injecting below the FI, at 
the triangle‑like spot formed by the iliac muscle 
(posteriorly), the PMM lateral edge  (medially) and 
the FI (anteriorly/laterally)  (easing the identification 
of the injection site), a semilunar spread pattern will 
be formed posteriorly, laterally, medially to the PMM 
in the iliopsoas space. The LA also extends medially 
(posteriorly to the iliac vessels)  [Figure  1], thus 
allowing a successful block of the anterior branches of 
the lumbar plexus and LST.

A double injection, one at the parapsoas region, to cover 
the FN and LCNF, and the other anterior to the SIJ, is 
possible, but requires high ultrasonography expertise 
due to the more anterior orientation of the needle. The 
LST, formed by the L4 and L5 spinal roots, is an extremely 
relevant contributor for the nerve to quadratus femoris, 
gluteal superior and gluteal inferior, and sciatic nerves.[5]

In our institution, the PPIP block has also been 
occasionally used as an alternative primary anaesthetic 
technique with associated light‑to‑moderate sedation 
for intramedullary femoral nailing in high‑risk patients. 
As such, the PPIP block may reduce the relevance of 
sacral plexus block or significantly reduce the volume/
dose required for spinal block in hip surgery.
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Comments on: Foot drop ‑ An 
unusual complication of epidural 
anaesthesia in a child

Sir,

I have gone through the letter to editor, ‘Foot drop – 
An unusual complication of epidural anaesthesia in 
a child’[1] published in a recent issue of the Indian 
Journal of Anaesthesia.

According to the authors, nerve conduction studies 
showed abnormalities in tibial and common peroneal 
nerves due to trauma or haematoma at the level of the 
nerve roots or lumbar plexus. It is unlikely that L4 ‑ S3 
roots were affected by needle trauma. If the roots were 
affected, the sensations in the lateral thigh as well as 
the leg should have been affected.

The authors have not mentioned about tourniquet 
pressure, sensations in thigh and sciatic nerve 
conduction.

If the tourniquet was applied, the foot drop could have 
occurred due to the sciatic nerve compression in the 
supra‑popliteal region as reported by some authors.[2,3] 
Tourniquet pressure more than 50  mm of Hg above 
systolic pressure can produce ischaemia of the sciatic 
nerve leading to foot drop in paediatric patients if the 
tourniquet time exceeds one to three hours.[3]

One has to check sensations in the thigh and sciatic 
nerve conduction to locate the site of lesion. In the 
reference quoted by the authors,[1] there was lower 
limb numbness, including two cases of foot drop, in 
the epidural group.[4] The present patient had sensory 
affection in only the leg area supplied by the peroneal 
and tibial nerve and not in the entire lower limb. 
Sciatic nerve compression in the hip explains the 
affection of both nerves.
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Response to comments: Foot 
drop: An unusual complication of 
epidural anaesthesia in a child

Sir,

We read with interest the comments[1] on our published 
article.[2] Regarding the points raised, we would like to 
provide the following explanation.

The authors argue that the needle cannot damage 
all the nerve roots of common peroneal and tibial 
nerves as nerve conduction studies (NCS) showed 
abnormalities. However, abnormalities on NCS in 
common peroneal and tibial nerves do not imply that 
all the nerve roots have been damaged. Involvement 
of a few of the roots can cause abnormalities in NCS 
as well as a varied combination of sensory and motor 
involvement.[3] Such an injury can be caused by a 
needle injury or a haematoma.

The authors have explained a detailed mechanism of 
how the foot-drop could have been due to sciatic nerve 
injury by the tourniquet. However, the authors have 
not noted that the surgery (and hence the tourniquet) 
was done on the left lower limb while the foot drop 
occurred on the right side.
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