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Patients requiring admission to intensive care 
units  (ICUs) are generally very sick, have poor 
organ functional reserve, tendency for rapid clinical 
deterioration, often leading to multiple organ failure 
and many of them frequently require simultaneous 
multiple interventions. To improve patient survival, 
a thorough understanding of the disease process and 
treatment options is required so as to ensure that 
best clinical practices are followed. Nevertheless, the 
evidence for such practices must come from sound 
scientific clinical research in the ICU.

However, currently, in spite of a significant amount 
of research happening in critical care, the evidence 
identifying best practices is still scarce.Research in the 
critically ill is different from that in other patients and 
is not much touched upon especially in postgraduate 
dissertations in Anaesthesiology.

THE CHALLENGES OF CONDUCTING RESEARCH IN 
THE ICU

A significant number of opportunities to include 
eligible, critically ill patients might be missed or 
might not be feasible in the ICU mainly because 
of the clinical workload, narrow time windows for 
inclusion, ethical considerations, difficulties in 
contacting families or surrogate decision‑makers of the 
patients.[1] Considering the life‑threatening scenarios, 
critical care physicians might often prefer to take 

decisions based on their clinical experience rather 
than referring to complex protocols while dealing with 
critical patients.

The ethical principles that are followed in clinical 
research are in conflict when it comes to research 
on intensive care patients. Patients admitted to the 
ICU are critical and are not able to provide valid 
and documented informed consent because of their 
deranged clinical profile. There are other multiple 
dilemmas which hinder the consent obtaining 
process, including, but not limited to taking consent 
from relatives for certain interventions following 
ICU admission (e.g., treatment options in cardiac 
arrest, stroke thrombolysis).Similarly, studying the 
effect of sedatives can be challenging, because if the 
patient regains decision‑making capacity, should 
the consent be obtained again retrospectively, and if 
the patient refuses, should these data be excluded? 
The debates on these issues are unending. In a recent 
study  (NORIDES), 70% of the ICU patients were 
excluded from the study in spite of fulfilling the 
inclusion criteria.[2] Study participants in the ICU do 
not get direct benefit from the study as the results are 
useful for future generations only. However, there is 
a misconception that by participating in the study, 
patients would get the maximum benefit (therapeutic 
misconception). Every interventional trial has some 
in‑built risks and limitations involved which might not 
be tolerated by ICU patients as their disease processes 
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are rapidly surfacing with multi‑organ dysfunction. 
Sometimes it becomes difficult to ascertain the cause 
of deterioration (disease process or study intervention). 
Selecting patients for the study and control arms, 
though done by randomisation, is also difficult as the 
ICU patients are heterogeneous, and organ dysfunction 
is of varying degrees between patients and also within 
the patient over a period of time. Some trials, because of 
poor recruitment, run for years during which time the 
usual practice itself changes, thus affecting the control 
arm. As the institutional treatment practices differ 
between centres, cities and countries, it becomes even 
more difficult to establish standard clinical protocols 
in the control arm in multicentric studies.

CURRENT TRENDS OF RESEARCH IN THE 
CRITICALLY ILL

In spite of the many challenges and obstacles, 
consistent improvements in critically ill patient 
outcomes are being observed and these are due to 
the increasing research centred on various aspects of 
the critically ill patient, including scoring systems, 
drugs, biomarkers and the development of new 
techniques and technology. Mortality and quality of 
life after discharge are the main outcomes in critical 
care research followed by ICU length of stay  (LOS), 
hospital LOS and cost.

Scoring systems to stratify disease severity and 
predict risk and indices including those developed 
using machine learning have now been developed 
for several aspects of critical care.[3‑5] They take out 
subjectivity from patient assessment and management 
and help in better resource allocation and better 
patient management. On the diagnostic front, use 
of molecular biomarkers in the ICU has increased 
exponentially. Biomarkers such as cardiac biomarkers, 
autoantibodies, procalcitonin, serum cystatin C and 
others help in multiple ways including judging 
the progress of disease, response to therapy and 
giving warning regarding the development of organ 
dysfunction.[6,7]

Numerous innovations in equipment and techniques 
have revolutionised the critical care management. 
Presently, ultrasound has made a major contribution 
in reducing diagnostic uncertainty. In the last 
decade, with the availability of the bedside 
ultrasonography  (USG) machine, the numbers of 
missed diagnosis and mismanagement have reduced 
significantly.[8] Selectively speaking, USG of the lungs 

aids in the detection of pleural effusion, pneumothorax, 
collapse, consolidation and extra vascular lung water 
and also allows the optimisation of recruitment 
manoeuvres in mechanically ventilated patients.[9‑11]

The role of USG in the ICU is ever-expanding as 
maximum activities in the ICU are centred around 
resuscitation, haemodynamic monitoring, airway 
management and respiratory support including 
mechanical ventilation and these have always 
attracted researchers.[12] Central line insertion has a 
failure rate of 22%, catheter malposition in 4% and 
arterial puncture in 5% cases.[13] The role of USG has 
gained momentum here as the in‑plane approach of 
USG can track the actual course of the entire needle as 
against the out‑of‑plane approach where only the tip 
of the needle is seen. The brachiocephalic vein, being 
intrathoracic, was never a choice for central venous 
access before, but with USG it can be easily seen and 
cannulated under vision. In a study being published 
in this issue of the Indian Journal of Anaesthesia, 
the authors have clearly shown the superiority of 
brachiocephalic vein cannulation using USG.[14]

Other challenges in the ICU include weaning from 
mechanical ventilation, as diaphragmatic dysfunction 
(DD) due to disuse atrophy and microstructural 
changes can be a major contributor. Diagnosing DD 
is challenging and bilateral anterior phrenic nerve 
stimulation and measurement of transdiaphragmatic 
pressure are considered as gold standard, however 
these are not routinely available. USG of the diaphragm 
is a promising tool which helps in assessment of its 
excursion, and in visualisation of the diaphragmatic 
thickening fraction which in turn correlates with the 
transdiaphragmatic pressure. In another study being 
published in this issue, the authors have shown that 
bedside assessment of diaphragmatic excursion can 
successfully predict DD and thus help in the weaning 
process.[15]

IMPROVING THE QUALITY OF RESEARCH IN THE ICU 
PATIENT

In spite of the many obstacles in implementing ethical 
research principles in the ICU patients, these should 
not deter a clinical researcher from performing good 
quality research. Different societies, law‑makers 
and government establishments have come out with 
guidelines for researchers on how to ethically conduct 
research in critically ill patients, by overcoming 
obstacles and at the same time ensuring patient safety.[16] 
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Informed consent can be obtained from the patients’ 
next of kin and later confirmed from the patients once 
they regain their decision‑making capacity. The study 
population can be made homogeneous by following 
similar grading/severity scoring systems during 
patient recruitment. Safety monitoring committee 
and institute ethics committee play an important role 
in safeguarding the safety of patients. Patients and 
relatives in the ICU can be informed about the need for 
research in the ICU management as a part of routine 
patient counselling with emphasis on better clinical 
outcome.

Research in critical care is often incapacitated by the 
conduct of only observational studies, which have 
their inherent weaknesses. This has serious limitations 
in methodology and may generate confounding bias 
and unreliable findings.[17] Randomised controlled 
trials (RCTs) are the gold standard for effectiveness in 
clinical research, and are a necessity now in the field 
of critical care. Multicentre RCTs can be even more 
effective.[18] High‑quality RCTs can be conducted with 
the help of research grants. The allocation of more 
resources and finances for critical care research can be 
a welcome move in this direction.

There are several untapped areas and much needed to 
be explored fields in critical care such as research in 
extracorporeal life support, telemedicine and artificial 
intelligence algorithms which involve multicentre 
data sharing and applicability in real time.[19] The 
coronavirus disease 2019 pandemic has brought in 
huge opportunities along with unforeseen challenges 
for researchers in the critical care unit as evidenced by 
the continuing shower of research publications.[20‑25]

Nevertheless, whatever the topic and the chosen 
field of research, earnest, honest and high‑quality 
innovative research in critically ill patients is now the 
urgent need of the hour.
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INTRODUCTION

Ultrasonography  (USG) guided internal jugular vein 
(IJV) cannulation has been the common approach 
for central venous cannulation (CVC). This is mainly 
due to easier visualisation, higher success and fewer 
complications noted by use of ultrasound, when 
compared to landmark approach. Even though 
USG‑guided supraclavicular subclavian vein (SCV) 
cannulation was described by Yonei in 1988, the 
technique did not gain much popularity as landmark 
IJV cannulation was widely practised and there 
was limited use of USG at that time[1] Breschan 
et al.[2] placed the USG probe in the supraclavicular 
region, and obtained the longitudinal view of the 

junction of the IJV, the superior vena cava, and the 
BCV. They gave the first successful description 
of USG‑guided supraclavicular BCV cannulation.
Advantages of supraclavicular approach to SCV or 
BCV are better patient comfort (no restriction in neck 
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ABSTRACT

Background and Aims: The internal jugular vein (IJV) is the most common site for central 
venous cannulation. Ultrasonography (USG)‑guided brachiocephalic vein (BCV) cannulation has 
been described recently. The objective of this study was to compare the first attempt success 
rate, overall success rate and procedural ease between two techniques. Methods: This was a 
prospective, single‑blinded, randomised clinical study. Patients were randomly allocated into two 
groups using computer generated random table. Group IJV included 55 patients of USG‑guided 
out‑of‑plane approach to the right IJV cannulation and group  BCV included 55  patients for 
USG‑guided supraclavicular in‑plane approach to right BCV cannulation. The success rate, number 
of redirections needed, vein and needle tip visualisation, cannulation time and complication rate 
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IJV was collapsed in 14.5% cases and BCV was collapsed in 0.9% cases. The needle visualisation 
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significant. The numbers of redirections of needle were more in IJV group. Thus the procedural 
ease was better with BCV than IJV. Conclusion: Supraclavicular USG‑guided in‑plane BCV 
cannulation is a good alternative to USG‑guided out‑of‑plane IJV cannulation, because of good 
calibre of the vein and better needle visualisation in the BCV group.
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movement), fewer infections, thrombosis, lesser risks 
of pneumothoraces and better final placement of the 
catheter tip when compared to IJV or femoral central 
lines.[3,4] With the advent of USG, supraclavicular 
BCV cannulation is gaining interest due to the ease of 
cannulation with visualisation of the entire needle path 
with the help of USG, superficial location and no bone 
overlyingthe vein. Many centres use supraclavicular 
USG‑guided BCV as a routine in paediatric patients 
and hence there are studies on this in the paediatric 
population. But its use in the adult patients is 
limited. A retrospective study involving 994 patients 
suggested that USG‑guided BCV is a safe and viable 
alternative to IJV.[5] Recently, studies have been done 
on supraclavicular BCV cannulation in adults and 
various approaches to BCV and their success rates have 
been described.[6,7] But there are not many prospective 
studies comparing USG‑guided supraclavicular BCV 
with USG‑guided IJV cannulation, for success rate, 
ease of insertion and complication rates.

The primary objective of this study was to compare 
USG‑guided out‑of‑plane approach to right IJV 
cannulation with USG‑guided in‑plane supraclavicular 
approach to right BCV cannulation in adults for 
first attempt success rate. The secondary objective 
was to compare collapsibility of the vein, needle tip 
visualisation, ease of cannulation and complications 
rates.

METHODS

The study was a prospective, single‑blinded, 
randomised clinical study conducted in a tertiary 
health care institute. Ethical approval for this study 
was provided by the institutional ethics committee  
(IEC number  –SDMIEC/PG/0161/2018). The study 
was registered with the Clinical Trials Registry of 
India  (CTRI/2019/02/017824) and was conducted in 
accordance with the principles of the declaration of 
Helsinki. Patients above 18 years of age requiring CVC 
cannulation were considered for the study. Patients 
who were uncooperative, refused to give consent, had 
significant coagulopathy, infection at cannulation site, 
had a CVC catheter in the past 72 hours or had cervical 
trauma with neck immobilisation were excluded from 
the study. The study was conducted between February 
2019 and October 2020 in the operating rooms and 
intensive care units. Informed consent was obtained 
from all the patients for participation in the study. One 
hundred and ten patients willing to be part of this study 
were randomly allocated into two groups of 55 patients 

each, Group  IJV and group BCV. Randomisation was 
performed by a computer‑generated random‑numbers 
table.

Monitoring consisted of pulse oximetery, 
electrocardiogram and non‑invasive blood pressure 
for all patients. For patients on mechanical ventilation, 
the amount and extent of positive end‑expiratory 
pressure (PEEP) was noted. Two clinicians performed 
the procedures, a senior clinician who had more than 
five years of experience with USG‑guided CVC and 
a junior clinician who had two years of experience 
with USG‑guided CVC insertions. Both clinicians had 
performed more than 20 USG‑guided IJV and BCV 
cannulations before the study. The patient was placed 
in the supine position with the arms adducted and 
neck turned to the left side. A portable USG scanner in 
bi‑directional (2D) mode with a linear transducer probe 
of 5‑12 MHz was used. Under aseptic precautions, 
preparation and draping of the cannulation site was 
done. Before the start of procedure, in all patients, a 
preliminary scanning was done with gentle pressure 
on the USG transducer and the calibres of IJV and 
BCV were noted and graded as “patent good calibre” 
or “collapsed”.

For the patients in group  IJV, a sterile transducer 
covered with USG gel was placed in the transverse 
position  (short axis view) to the patient’s neck 
axis, lateral to cricoid cartilage. IJV was identified 
as a compressible, non‑pulsatile structure. After 
positioning the right IJV in the centre of ultrasound 
screen, holding the probe in left hand and giving 
local anaesthesia at the insertion site, the vein was 
punctured with an18 gauge needle with out‑of‑plane 
technique. Needle visualisation was done using USG 
and graded as “good” or “not good”. Guide wire was 
passed. Guide wire location was confirmed within the 
IJV by using short axis view of USG. Central venous 
catheter was inserted by Seldinger’s technique and 
was fixed at 13cm from the skin in all patients.

For patients in group  BCV, USG probe was placed 
transversally on the neck to get the short axis view 
of the right IJV. The probe was then slid caudally till 
contacting the clavicle and then it was tilted caudally 
to visualise the confluence of IJV, SCV, and BCV 
[Supplementary Video]. The longitudinal view of 
BCV was obtained for cannulation, local anaesthesia 
was infiltrated at the insertion site and the vein was 
punctured with an 18 gauge needle to get flashback of 
dark venous blood in the syringe [Figure 1].The needle 
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tip was visualised in‑plane using USG and was graded 
as “good” or “not good”. The guidewire was passed 
and its location was confirmed with USG. The vein 
was cannulated using Seldinger’s technique, and the 
catheter was fixed at 13cm from the skin surface in 
all patients. Sterile dressing was applied after suturing 
the CVC catheter firmly in place.

Inability to locate the vein at the chosen site after three 
attempts/redirections was considered as ‘procedural 
failure’. Number of redirections needed for successful 
vein localisation was noted. In case of arterial 
puncture, the site was compressed for 2 min and one 
more attempt was done. Repeat arterial puncture was 
defined as failure, and in such patients, CVC catheter 
was placed in the alternative site. After locating the 
vein with needle, if there was difficulty/inability in 
passing the guidewire, it was defined as ‘difficulty 
in the passage of guidewire’. Time from scanning 
of the vein to puncturing the IJV/BCV was noted as 
“puncture time” or “a”. Time from vein puncture to 
passage of guidewire and its confirmation within the 
vein with USG probe was noted as “guidewire time” 
or “b”. Time from guidewire passage to CVC passage 
and its confirmation with blood aspiration in all three 
ports was noted as “cannulation time” or “c”. ‘Total 
CVC time’ was recorded as a + b + c, that is, from the 
scanning for the vein to the successful CVC insertion. 
If the cannulation failed, time from the initial puncture 
to the CVC insertion in the alternative site was 
considered as the cannulation time.Correct placement 
of the CVC within the intended vein and aspiration of 
blood freely from all the three ports of CVC was defined 
as “Successful cannulation”. Occurrence of ventricular 
arrhythmia during the passage of guidewire or CVC 
was noted. Post‑procedural chest radiograph was taken 
in all patients within 24 hours and complications 
such as pneumothorax or haemothorax were noted. 

Pneumothorax, haemothorax, arterial puncture and 
thyroid puncture (diagnosed via immediate USG 
visualisation) were defined as major complications, 
whereas haematoma and vein transfixion were defined 
as minor complications.

Leung J et al.[8] noted first attempt success rate for 
USG‑guided IJV cannulation as 94%. First attempt 
success rate for USG‑guided brachiocephalic vein 
cannulation from a previous study was 90%.[5] For a 
difference of 20% in first attempt success rate with an 
alpha error of 0.05%, 45 patients were needed in each 
group to achieve 80% power. Considering possible 
dropouts, we included 55 patients in each group.

All the data was entered and analysed using Statistical 
Package for the Social Sciences (SPSS Inc.,Chicago, 
IL, USA) version  22 for windows. Categorical data 
was analysed using Chi‑square test and continuous 
data was analysed using independent sample t‑test. 
Qualitative data was represented as frequency and 
percentages. Quantitative data was represented using 
mean ± standard deviation. Independent sample t test 
was used to compare difference in the mean between 
the groups. A  P  value of  <  0.05 was considered 
statistically significant.

RESULTS

All the 110  patients who were randomised, 
completed the study and were analysed  [Figure  2]. 
Demographic variables were comparable between 
the two groups  [Table  1]. Success rate was 98.5% 

Figure  1: Ultrasound‑guided BCV cannulation. (a) USG probe 
orientation and needle insertion for BCV (b) Guide wire inside the right 
BCV. BCV –Brachiocephalic Vein

Assessed for eligibility n = 135

25 patients were excluded in view of
Refusal to consent (8)

Deranged coagulopathy (12)
Presence of central venous catheter in

the planned sites (2)
Emergency surgeries (3)

Randomised n = 110

Goup IJV n = 55 Group BCV n = 55

Loss to follow-up
n = 0

Loss to follow-up
n = 0

Analysed n = 55 Analysed n = 55

Figure 2: Consolidated Standards of Reporting Trials (CONSORT) 
flow chart
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in group  IJV and 100% in group  BCV. First attempt 
success rate was 76.32% and 81.81% in group IJV and 
group BCV, respectively, which were statistically not 
significant [Table 2]. There was significant difference 
in the vein collapsibility, with BCV having good calibre 
in more patients compared to IJV  [Table  3]. Needle 
tip visualisation with in‑plane method for BCV was 
significantly better than out‑of‑plane approach for IJV. 
There was no significant difference in complication 
rate, puncture time, guidewire passage time or total 
CVC time between the groups. The central venous 
catheter tip was malpositioned into the right IJV in one 
case of BCV cannulation. Central venous catheter was 
placed inside the right atrium or right ventricle in 6 
and 11 cases of IJV and BCV groups, respectively.

DISCUSSION

In our study, the success rate of CVC cannulation 
was 100% and 98.5% in group  BCV and group  IJV, 
respectively. In a retrospective study, Beccaria et al.[5] 
compared USG‑guided supraclavicular BCV with 
IJV cannulation in 994 cases and they noted that the 
success rate was 96.6% (685 out of 709 cannulations) 
in IJV group and 96.4% (275 out of 285 cannulations) 
in BCV group. A prospective study performed by 
Aydın et al.[6] compared, USG‑guided in‑plane 

supraclavicular approach to BCV versus out‑of‑plane 
approach to IJV cannulation in 86  patients. They 
noted an overall success rate of 97.6% with BCV 
cannulation and 97.7% with IJV cannulation and 
concluded that the novel supraclavicular approach is 
non‑inferior to IJV cannulation. The overall success 
rate for supraclavicular BCV cannulation in adults 
was around 98.3% to 100% in few other studies.[9‑11]

Sun X et  al.[12] in their retrospective study, analysed 
915 CVCs, namely, USG‑guided BCV or USG‑guided 
SCV cannulation. They noted an overall success rate 
of 98.99% for BCV and 96.87% for SCV, and  the 
difference was significant. Several studies in the 
paediatric  population for USG‑guided supraclavicular 
BCV have reported a success rate of 95% to 100%.
[2,13,14] Thus, the success rate of USG‑guided BCV and 
IJV cannulation noted in the present study are in 
concurrence with other studies.

The first attempt success rate in our study was 
81.81%  (45 out of 55) in group  BCV and 76.36% 
(42 out of 55) in group IJV, and the difference was not 
significant. Similar studies in adults on supraclavicular 
BCV cannulation noted a first attempt success rate 
of 95.34% to 100%.[5,9,10] Most paediatric studies 
showed a first attempt success rate of 65.4‑81% for 
supraclavicular BCV cannulation.[2,13,15,16] Paediatric 
anatomical variations could be the reason for lower 
first attempt success rate for supraclavicular BCV 
cannulation.

In the present study, we noted that IJV was collapsed 
in more patients than BCV and the BCV remained large 
and patent with good calibre in almost all the patients 
studied. We did not measure the size of either veins 
directly, rather we assessed the size categorically as 
“collapsed” or “patent and good calibre” since USG is 

Table 2: Success and complications of CVC cannulation
Group IJV (n=55) Group BCV (n=55) P

Overall success rate (percentage) 54 (98.5%) 55 (100%) 0.31
First attempt success rate (percentage) 42 (76.32%) 45 (81.81%) 0.48
Needle visualisation (good: not good) 44:11 52:3 0.02*
Number of redirections with needle (mean±SD) 1.23±0.42 1.18±0.38 0.48
Difficulty in guide wire passage (percentages) 4 (7.2%) 3 (5.4%) 1.00
Total number of complications noted:
(Haematoma/arterial puncture)

2
(1/1)

3
(1/2)

0.85

Time for needle puncture (mean±SD) in seconds. “Time a” 85.10±48.01 82.61±46.91 0.78
Time for guidewire passage (mean±SD) in seconds. “Time b” 46.14±30.39 43.83±26.27 0.67
Time for CVC insertion (mean±SD) in seconds. “Time c” 175.61±58.55 150.70±64.26 0.03*
Total CVC time (mean±SD) in seconds. Time “a+b+c” 309.18±87.09 277.54±116.96 0.11
Arrhythmia noted during CVC cannulation (percentages) 17 (30.9%) 11 (20%) 0.17
SD – standard deviation; n –number, CVC –central venous cather. *significant P value

Table 1: Demographic variables
Group IJV 

(n=55)
Group BCV 

(n=55)
P

Age in years (mean±SD) 52.0±15.5 50.8±13.8 0.67
Gender (Male: Female) 33:22 31:24 0.69
Ventilation status (ventilated: 
non‑ventilated)

50:5 50:5 1.00

Weight in kilograms (mean±SD) 60.89±9.55 61.07±11.53 0.92
Height in centimetres (mean±SD) 165.07±7.29 165.03±8.05 0.98
BMI in kg/m2 (mean±SD) 22.32±3.03 22.17±3.69 0.81
SD –standard deviation, n –number. BMI: Body Mass Index
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very subjective for measurement of vein diameters and 
the size of these veins do change with many factors like 
pressure on ultrasound probe, PEEP level, hydration 
status, phase of respiration etc. A study by Oulego‑Erroz 
et al.[16] on CVC in the paediatric population aged 
0‑14 years concluded that the cannulation of BCV to be 
superior to IJV, possibly because of greater average vein 
diameter of BCV  (5.4mm) compared to IJV  (4.9mm). 
Not many studies comparing objective measurements 
of the cross‑sectional diameter of BCV and IJV, in 
adults, were found. But the average diameter of IJV as 
noted by Tartière D et al. in adults was about 17 mm 
and of BCV as noted by Badran et al.was 22 mm.[17,18] 
Since BCV receives blood from both IJV and SCV, 
it is expected to have greater lumen size and good 
calibre. Beccaria et al.[5] also noted lower incidence 
of procedural difficulty with brachiocephalic vein 
and suggested that the possible mechanisms could be 
due to the presence of thin tissue trabeculae within 
the BCV. They suggested that BCV is held open by 
trabeculae, irrespective of the haemodynamic status 
or the phase of respiration, thus making it more patent 
and non‑collapsing.

The visualisation of the introducer needle of the 
CVC catheter was better in the in‑plane BCV group 
when compared to the out‑of‑plane IJV group. The 
number of redirections with needle was less in 
group BCV than group IJV. Aydın et al.[6] noted good 
USG visualisation of the introducer needle and guide 
wire but catheter visualisation was not good in both 
groups.Many studies have compared the in‑plane and 
out‑of‑plane access to CVC cannulation in different 
neck veins. Studies suggest that though the success 
rate is similar with both approaches, the incidence 
of posterior wall penetration is much less with the 
in‑plane than out‑of‑plane approach.[19‑24] It has been 
well documented that the needle tip visualisation in 
the in‑plane approach is better than in the out‑of‑plane 
approach, as the needle advancement is more 
controlled.[25,26] In the out‑of‑plane approach, part of 
the needle visualised need not be the tip, hence the 
needle tip which may be further deep may cause other 
complications, especially in the hands of novices.

The total cannulation time was higher in group  IJV 
than in group  BCV  (309.18  ±  87.09 versus 
277.54  ±  116.96  seconds respectively), which was 
statistically not significant. Aydın et al.[6] noted no 
significant difference in cannulation time between 
the groups. They noted no significant difference in 
mean ease score of cannulation between BCV and IJV 
groups (8.78 ± 1.13 versus 8.67 ± 1.23 respectively).
We observed that BCV has several advantages over the 
IJV for cannulation including a greater lumen, better 
visibility in USG and does not overlap with carotid 
arteries and brachiocephalic arteries.

One of the limitations of the present study is that the 
operator could not be blinded. Many of the parameters 
assessed such as vein patency, calibre and procedural 
ease are subjective and they are dependent on many 
other factors and hence prone for bias.

CONCLUSION

USG‑guided out‑of‑plane approach for cannulation 
of IJV is comparable to the in‑plane approach of BCV 
cannulation, with regard to the overall success rate 
and first attempt success rate and complication rate. 
The procedural ease with USG‑guided in‑plane BCV is 
better than USG‑guided out‑of‑plane IJV cannulation.
USG‑guided in‑plane BCV cannulation is very 
useful and can be considered as an alternative to the 
out‑of‑plane approach to IJV.
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INTRODUCTION

Anxiety is an emotional state characterised by 
feelings of nervousness, worry, apprehension, 
and tension due to high activity of the autonomic 
nervous system.[1,2] Earlier studies have reported 
the prevalence of pre‑operative anxiety ranging 
from 10% to 80%.[3,4] Pre‑operative anxiety has both 
psychological and physiological effects by activation 
of the hypothalamic–pituitary–adrenal axis.[5] It can 
lead to deleterious effects on the haemodynamic 
parameters during the perioperative period; affect the 
overall anaesthesia management and surgical outcome 

by delayed awakening, post‑operative pain, nausea–
vomiting, delayed wound healing, and post‑operative 
cardiac events.[4‑6]
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Background and Aims:  Pre‑operative anxiety can affect psychological and physiological 
parameters during the intra‑operative period. Pharmacological measures used to reduce 
pre‑operative anxiety have their associated adverse effects. Pre‑operative anaesthesia education 
is one of the non‑pharmacological tools to reduce anxiety, but very limited literature is available 
in the Indian scenario. Hence, this study was designed to evaluate the effect of pre‑operative 
counselling of patients using anaesthesia information sheet on pre‑operative anxiety of patients 
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the pre‑operative anxiety for surgery, correlation of demographic data with pre‑operative anxiety, 
and the common causes responsible for pre‑operative anxiety. Methods: Total 110 patients were 
randomly allocated into two groups. Group‑A was counselled using anaesthesia information 
sheet and in Group‑B, conventional counselling was done during pre‑anaesthesia check‑up. 
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Pharmacological medications are used to reduce 
anxiety, but they may induce some adverse effects. 
In contrast to this, various non‑pharmacological 
interventions like—reassurance, music therapy, 
breathing exercises, meditation, acupressure, 
pre‑procedure education are used to allay pre‑operative 
anxiety and they are inexpensive, easy to perform, do 
not require high level of technical skill or equipment 
and are without adverse effects.[7] Previous randomised 
controlled trials of pre‑procedure education such as 
structured interview, multimedia, and question prompt 
tool were found to be more effective than conventional 
methods, but no study is available till date about the 
use of anaesthesia information sheet as a tool for 
pre‑procedure counselling. No literature is available 
for the same in the Indian scenario. Hence, this study 
was designed to evaluate the effect of pre‑operative 
counselling of patients using anaesthesia information 
sheet on anaesthesia‑associated pre‑operative anxiety 
as a primary objective. Secondary objectives were to 
assess pre‑operative anxiety for surgery, correlation 
of demographic data with pre‑operative anxiety and 
common causes of pre‑operative anxiety.

METHODS

After obtaining institutional ethics committee 
approval (IEC/HMPCMCE/120/Faculty/19/215/20) and 
Clinical Trial Registry of India (CTRI/2021/04/032673) 
registration, this prospective randomised controlled 
study was conducted from April 2021 to December 
2021. 110  patients of 18–70  years of age of either 
gender, American Society of Anesthesiologists  (ASA) 
grade I–III, minimum education up to the fifth grade, 
able to understand either Gujarati, Hindi, or English 
languages, posted for elective surgery of 1–3 hours 
duration from General surgery, Gynaecology, and 
Orthopaedic departments were included in our study. 
Patients with a previous diagnosis of mental illness, 
cognitive dysfunction or on anti‑anxiety medications 
were excluded from the study. The principles of the 
declaration of Helsinki were followed during the 
conduct of the study.

Assuming a moderate effect size of 0.6, a sample size 
of 50 per group was required, allowing for 5% type‑I 
error to achieve 85% power. Considering 10% loss to 
follow up for various reasons, the sample size was 
increased to 55 per group. Standard formula viz. n = 2 
X [(Zα + Zβ) X σ/δ]2 was used to calculate the sample 
size and the calculations were performed in Microsoft 
Excel.

A total of 125  patients were assessed for eligibility 
and 110 patients were enroled. After obtaining written 
informed consent, patients were randomly allocated to 
intervention or control groups by computer‑generated 
random numbers using WINPEPI (WINdows Programs 
for EPIdemiologists).[8] The allocation was kept in an 
opaque‑sealed envelope and the envelope was opened 
only after an eligible participant consented for the 
study.

An anaesthesia information sheet was prepared 
in English, Hindi, and Gujarati languages with 
communicative translation method. Internal and 
external peer review was done to ensure face validity 
of the prepared information sheet. The sheet had 
details about the meaning of anaesthesia, different 
types of anaesthesia, pros and cons of each method, 
the preparation of patient for anaesthesia and 
post‑operative care [Annexure 1].

During pre‑anaesthesia check‑up, on the day prior to 
the surgery, pre‑operative anxiety was assessed by the 
principal investigator who was involved in the study, 
using two questionnaires of visual analogue scale 
of anxiety  (VAS‑A):  (1) VAS‑A for anaesthesia and 
(2) VAS‑A for surgery. VAS‑A question was rated from 
0 to 100, in which 0 means no anxiety and 100 means 
maximum anxiety. The patients were asked about 
the possible causes of their anxiety, previous history 
of surgery, any negative experiences with previous 
surgeries etc.Participants in Group‑A were counselled 
by a third‑year resident involved in the study, using 
an anaesthesia information sheet. Their queries 
were clarified during the counselling. Participants in 
Group‑B were given information about anaesthesia 
by conventional verbal counselling with addressing 
of their queries by the same third‑year resident. After 
an interval of 2h, anxiety for anaesthesia and surgery 
was reassessed by the principal investigator in both 
the groups using VAS‑A scale.This investigator was 
blinded for the type of counselling method. If VAS‑A 
was more than 40 in any group, patients were advised 
to take an anti‑anxiety drug in the form of tablet 
alprazolam 0.5 mg on the night before surgery.

Descriptive statistics [mean (standard deviation), 
frequency (%)] was used to depict the profile of the 
participants. Effect of both modalities on VAS‑A for 
anaesthesia and VAS‑A for surgery was assessed using 
paired t test. The reduction in VAS‑A for anaesthesia 
and surgery was contrasted across the groups using 
analysis of variance  (ANOVA) on difference scores. 
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Variations in VAS‑A for anaesthesia and surgery at 
baseline with various sociodemographic variables 
were assessed using ANOVA. A P value less than 0.05 
was considered statistically significant. The analysis 
was performed in STATA (14.2) version.

RESULTS

110 patients,  (51 General surgery, 25 Gynaecology, 
and 34 Orthopaedics patients) were recruited in 
two groups  (n = 55 each). All studied patients were 
analysed and followed up [Figure 1].

Demographic profiles  (age, gender, marital status, 
literacy) along with previous history of surgery, any 
negative experience during previous surgery, types of 
anaesthesia, duration of surgery and type of surgery 
were comparable in both the groups [Table 1].

The overall incidence of pre‑operative anxiety 
in the study population was 36.6%. Intra‑group 
comparison of intervention Group‑A and control 
Group‑B for pre‑  and post‑counselling scores for 
anxiety about anaesthesia and surgery was statistically 
significant (P < 0.001) [Table 2].The reduction in mean 
of VAS‑A for anaesthesia in Group‑A was 16.6 ± 6.9 
as compared to Group‑B was 4.4 ± 5.8  (P < 0.001). 
Reduction in mean of VAS‑A for surgery in Group‑A was 
14.6 ± 7.8, while in Group‑B was 4.8 ± 7.3 (P < 0.001)
[Figure 2, Table 2]

Thematic analysis of the responses on the open‑ended 
question “What are the things that you are afraid of?’’ 
The most common causes reported by patients were 
fear of intra‑operative pain 87.3%, post‑operative pain 
41.8%, recovery issues 6.4%, and others 32.7%.

The female gender was significantly associated with 
higher pre‑operative anxiety for anaesthesia (P < 0.001) 
and surgery (P  =  0.01). Increasing ASA grade was 
associated with higher pre‑operative anxiety for 
anaesthesia (P = 0.04) and surgery (P = 0.02) [Table 3]. 
About 21% of patients (n = 23) required anti‑anxiety 
medications in the study population. Trends 
suggested lower need for anti‑anxiety medications in 
intervention Group‑A compared to control Group‑B 
albeit the difference was not statistically significant 
[16.4% vs. 25.5%, P = 0.24]

DISCUSSION

Patient anxiety was reduced after pre‑operative 
counselling using either conventional verbal 
counselling or the newer method‑anaesthesia 
information sheet. However, the use of anaesthesia 
information sheet for pre‑operative counselling 
showed a significant reduction in anxiety. The overall 
incidence of pre‑operative anxiety in our study was 
36.6%, which is comparable to previous studies.[3,9,10]

Bansal et  al.[11] have highlighted in their narrative 
review that pre‑operative anxiety is a neglected issue 

Assessed for eligibility (n = 125)

Excluded (n = 15)
• Not meeting inclusion criteria (n = 15)
• Declined to participate (n = 0)

Randomised (n = 110)

Allocation (n = 110)

Allocated to group A (n = 55)
• Received allocated intervention (n = 55)
• Did not receive allocated intervention (n = 0)

Allocated to group B (n = 55)
•Received allocated intervention (n = 55)
•Did not receive allocated intervention (n = 0)

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (give reasons) (n = 0)

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (give reasons) (n = 0)

Analysed Analysed

n = 55 n = 55

Figure 1: Consolidated standards of reporting trials (CONSORT) flow diagram for the study participants
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and it must be assessed routinely during pre‑operative 
anaesthesia check‑up and counselling should be done 
by anaesthesiologist in patients with a high level of 
anxiety.

There are various subjective and objective methods 
used to measure pre‑operative anxiety. The objective 
methods can be more precise in measuring anxiety, 
but they require continuous monitoring, advanced 
equipment, skilled staff and are costlier. The 
subjective methods are easy to practise, do not require 

any specific instruments, do not require any technical 
skill and are not expensive. VAS is brief and simple 
to administer. It has a minimum respondent burden. 
These characteristics make it ideal for use in routine 
practice. VAS‑A is a valid tool to measure anxiety.[12‑15]

The most important finding of this study was a 
reduction in mean scores of VAS‑A for anaesthesia 
and surgery which was significantly higher in the 
intervention group (Group‑A) compared to control group 
(Group‑B)  (P  <  0.001). In a prospective randomised 

Table 1: Demographic profile of the study population
Variable Details of Variable Case (Group‑A) (n=55) Control (Group‑B) (n=55) P
Age (years) 46.18 (13.55) 46.2 (14.71) 0.99*
Gender Male 56.4%(31) 50.9%(28) 0.57**

Female 43.6%(24) 49.1%(27)
Literacy Primary 20%(11) 7.3%(4) 0.06**

High school 43.6%(24) 63.6%(35)
Graduate & above 36.4%(20) 29.1%(16)

Marital status Unmarried 7.3%(4) 9.1%(5) >0.995***
Married 90.9%(50) 90.9%(50)
Separated 1.8%(1) ‑

Previous surgeries Yes 36.4%(20) 47.3%(26) 0.25**
No 63.6%(35) 52.7%(29)

Negative experience during 
previous surgeries

Yes 5.5%(3) 3.6%(2) >0.995***
No 94.5%(52) 96.4%(53)

ASA grade ASAgrade I 3.6%(2) 3.7%(2) >0.995***
ASAgrade II 56.4%(31) 61.8%(34)
ASA grade III 40%(22) 34.5%(19)

Type of anaesthesia Regional 70.9%(39) 70.9%(39) >0.995**
General 29.1%(16) 29.1%(16)

Type of surgery General surgery 43.6%(24) 49.1%(27) 0.84**
Gynaecology 27.3%(15) 23.6%(13)
Orthopaedics 29.1%(16) 27.3%(15)

Duration of surgery in hours 1.91 (0.47) 1.88 (0.55) 0.76*
ASA: American Society of Anesthesiologists; SD: Standard deviation. *Independent sample t‑test **Chi square test. *** Fisher’s exact test. Data for Age and 
Duration of surgery in hours is presented as  Mean (SD). Data for all other variables  is presented as  Percentage (number)

Table 2: Comparison of Visual Analogue Scale of 
Anxiety (VAS‑A) scores at different time points across the 

groups
Parameter Intervention 

Group‑A 
n=55

Control 
Group‑B 
n=55

VAS score of anxiety for Anaesthesia
Pre‑counselling 43.20 (11.17) 36.85 (12.21)
Post‑counselling 26.57 (9.50) 32.41 (11.57)
P‑value for paired t‑test <0.001 <0.001

Difference 16.63 (6.92) 4.44 (5.86)
P‑value for ANOVA <0.001
VAS score of anxiety for Surgery

Pre‑counselling 46.71 (12.89) 39.73 (13.66)
Post‑counselling 32.07 (10.03) 34.89 (12.60)
P‑value for paired t‑test <0.001 <0.001

Difference 14.64 (7.81) 4.84 (7.34)
P‑value for ANOVA <0.001
VAS: Visual analogue scale; ANOVA: Analysis of variance; SD: Standard 
deviation. Data is presented as  Mean (SD) for all parameters except P-value

Figure 2: Pre‑ and post‑counselling anxiety scores for anaesthesia and 
surgery amongst cases (Group‑A) and control (Group‑B)
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controlled observational study, Jadin et al.[16] reported 
that VAS for pre‑operative anxiety was found 1.2 
points lower  (out of 10) after structured interview as 
compared to standard interview in younger patients 
(<47 years). Jlala et  al.[17] in a randomised controlled 
study, compared counselling by multimedia method 
versus conventional method, using VAS and State Trait 
Anxiety Inventory (STAI) and reported a reduction in 
pre‑operative anxiety. They did not aim to separate 
anxiety related to anaesthesia and surgery in their 
methodology as contrast to the current study wherein we 
measured both separately. Lim et al.[18] used a question 
prompt list as a tool and STAI to measure anxiety in 
patients undergoing breast surgeries and reported a 
reduction in anxiety of the patients. Nevertheless, all 
the questions in the question prompt list were about 
surgery, whereas we used anaesthesia information 
sheet and evaluated anxiety for both anaesthesia and 
surgery. The findings of the current study were similar 
to previous studies[16–18] and confirm that anaesthesia 
information sheet is one of the methods of counselling 
that helps in reducing anxiety more effectively than 
conventional verbal methods. 16.4% patients were 
advised anti‑anxiety medication in Group‑A compared 
to 25.5% in Group‑B, thereby suggesting the lower need 
for antianxiety medication in Group‑A.

The female gender was significantly associated with 
higher pre‑operative anxiety for anaesthesia and 

surgery in this study. This finding corroborates with 
previous studies demonstrating higher pre‑operative 
anxiety amongst females as compared to males.[9,17,19] 
Unfamiliar environment, separation from family, fear 
of one’s life, length of hospital stay, post‑operative 
pain were the points of concern for female patients.[20] 
Female patients may need additional comprehensive 
and individualised pre‑operative education to reduce 
anxiety in the pre‑operative period.[21] A systematic 
review and meta‑analysis has shown satisfactory 
results with music therapy for female patients in the 
reduction of pre‑operative anxiety.[22]

It was observed in this study that ASA  physical status 
III patients had higher baseline pre‑operative anxiety 
compared to ASA physical status I and II patients. This 
may be due to the fear that their comorbidities might 
increase the risk of surgery and anaesthesia.As per our 
knowledge, association of ASA physical status grading 
with pre‑operative anxiety has not been studied in the 
past.

Other demographic variables were not found to be 
associated with pre‑operative anxiety in the current 
study [Table  1]. Jafar et  al.[10] reported increasing 
level of pre‑operative anxiety with increasing level 
of education, whereas, Lim et  al.[18] reported higher 
anxiety in patients with lower level of education.
Mulugeta et  al.[3] reported significant association 

Table 3: Association of baseline pre‑operative anxiety with demographic factors
Variable Details of Variable VAS score of anxiety 

for anaesthesia
P VAS score of anxiety 

for surgery
P

Age 0.159 0.182
Gender Male 36.6 (12.88) <0.001 39.9 (13.99) 0.01

Female 44 (9.74) 46.9 (12.40)
Literacy primary 38.8 (11.21) 0.20 44.3 (12.79) 0.32

High school 41.8 (11.96) 44.6 (13.33)
Graduate and above 37.4 (12.38) 40.3 (14.49)

Marital status Unmarried 32 (10.47) 0.10 35.2 (10.97) 0.18
Married 40.7 (12.04) 43.9 (13.77)
Other 35 40

Previous surgeries Yes 41.9 (12.31) 0.16 44.9 (14.79) 0.25
No 38.6 (11.81) 41.9 (12.77)

Negative experience 
during previous surgeries

Yes 40 (18.25) 0.84 40.4 (22.77) 0.71
No 39.9 (11.98) 43.2 (13.34)

ASA grade ASA grade I 31.2 (13.14) 0.04 31.7 (14.10) 0.02
ASAgrade II 38.3 (11.85) 41.3 (12.63)
ASAgrade III 43.3 (11.66) 47.2 (14.22)

Type of anaesthesia Regional 38.6 (12.19) 0.06 41.7 (13.56) 0.09
General 43.4 (13.56) 46.6 (13.51)

Type of Surgery General Surgery 39.96 (12.88) 0.49 43.33 (14.58) 0.34
Gynaecology 42.29 (11.89) 46.16 (13.98)
Orthopaedics 38.44 (11.02) 40.88 (11.88)

ASA: American Society of Anesthesiologists; VAS: Visual analogue scale; SD: Standard deviation. Data for all variables is  presented as  Mean (SD). Data for Age 
is presented as a number (Pearson's correlation coefficient)
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between pre‑operative anxiety and gender, age, 
marital status, educational status, residence, family 
size, pre‑operative information and previous surgical 
experiences on bivariate analysis. Jadin et  al.[16] 
reported no association of pre‑operative anxiety with 
previous experience of anaesthesia, whereas, Jafar 
et al.[10] reported association of pre‑operative anxiety 
with lack of previous surgical experience.This suggests 
that the variance in pre‑operative anxiety varies based 
on cultural and contextual differences.

The participants in the current study were asked 
about the possible causes for their anxiety. The 
most common causes were fear for intra‑operative 
pain  (87.3%), post‑operative pain  (41.8%), recovery 
issues  (6.4%) and others  (32.7%) like recurrence 
of disease, back pain after spinal anaesthesia, sore 
throat, etc. Mulugeta et  al.[3] in their study reported 
fear of complications  (52.4%), concern about 
family  (50.4%), fear of post‑operative pain  (50.1%) 
and fear of death  (48.2%) as the common causes of 
pre‑operative anxiety. Thus, causes for pre‑operative 
anxiety are subjective and can vary depending upon 
the demographic profile of the patients, their culture, 
and regional conditions. Also, non‑pharmacological 
pre‑operative anxiety interventions should be 
contextually adapted based on these factors, because 
anxiety before surgery is a vexatious feeling associated 
with fear and illness.[4] The anaesthesia information 
sheet was designed on the basis of perspectives 
about anaesthesia that were prevalent in the general 
population. It was translated into Hindi and Gujarati 
languages as per vernacular language of the local 
subjects. So, it was an economical, reproducible, 
convenient, and effective non‑pharmacological tool 
designed for this study to reduce pre‑operative anxiety. 
It included a brief introduction to anaesthesia relevant 
to the layperson about the anaesthesiologist, types 
of anaesthesia, pre‑anaesthetic check‑up, consent, 
and intra‑operative and post‑operative management 
including pain control. The counselling process was 
not limited to the content of the sheet and patients 
were encouraged to seek clarifications.

This study has some limitations. Though several 
subjective and objective tools are available to measure 
the pre‑operative anxiety, VAS‑A was used. The results 
obtained by this study can show some subjective 
variations. Using multiple tools could have increased 
the accuracy of the results. Information related to 
anaesthesia was provided using an anaesthesia 
information sheet during pre‑operative counselling, 

but similar information about surgery was not included 
as it was not a part of the study. Anxiety was assessed 
a day before surgery, before and after counselling 
using anaesthesia information sheet. Reassessing 
the patient in the pre‑operative room, just before 
shifting the patient to the operation theatre would 
have given more information about the effectiveness 
of using anaesthesia information sheet. There was no 
pre‑operative assessment by a psychiatrist to exclude 
the patients who had undiagnosed psychological and 
cognitive disorders coming to the hospital for the first 
time.It should be noted that pre‑operative anxiety 
is a complex multifactorial phenomenon. Use of an 
information sheet during pre‑operative counselling 
is just one method to reduce it. Determining various 
causes for pre‑operative anxiety and developing 
multimodal strategies to reduce it should be tried 
with the intention of assessing synergistic interaction 
amongst different strategies. This can help to develop 
an institutional protocol to address the issue of 
pre‑operative anxiety and management for the same.

CONCLUSION

Pre‑operative counselling using anaesthesia 
information sheet is more effective in reducing 
pre‑operative anxiety than conventional counselling 
in patients undergoing elective surgery. Females are 
more anxious than males and pre‑operative anxiety 
increases with increase in ASA grading of the patients. 
The common factors leading to pre‑operative anxiety 
amongst patients are fear of intra‑operative and 
post‑operative pain.
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ANNEXURE 1: ANAESTHESIA INFORMATION SHEET

 

Anaesthesia Information Sheet 
 

o Anaesthesia is given to the patient before any surgical procedure, to stop the feeling 
of pain during and after any surgical procedure by blocking pain signals that reach 
the brain via nerves. 

o Nowadays modern anaesthesia is very safe. 
o Anaesthesia is given by a qualified Anaesthesiologist who will take care of patients 

during and after operation.  
o Various types of anaesthesia are available . What type of anaesthesia is to be given 

to a patient is dependent upon surgical procedure, duration of the procedure, age of 
patient, general condition of the patient and need for post-operative pain relief. 

 
TYPES OF ANAESTHESIA 

 
1. GENERAL ANAESTHESIA 
 

o In this, before starting the procedure, anaesthetic drugs are 
injected into a vein, inhalational anaesthetic drugs are given 
which make the patient unconscious.   

o The patient doesn’t remember anything that happened 
during the procedure.  

o Anaesthesiologist takes care of patient's pulse rate, blood  
pressure and ventilation during general anaesthesia. 

o After surgery, the anaesthesiologist will slowly bring back the 
patient's consciousness.   

o We give medication to prevent postoperative nausea, 
vomiting and pain. 

 

 

 
2. SPINAL ANAESTHESIA 
 

o This is the most common type of regional anaesthesia. 
o Spinal anaesthesia is given for the surgeries in lower 

abdominal and lower limbs. 
o In this, the anaesthetic  drug is injected into the lower back, 

then it causes complete numbness from below the waist 
for a couple of hours.  

o In this, the patient is awake and communicates if anything
uncomfortable felt during the procedure.  

o It helps in post procedure pain relief till the sensation returns 
back. Post operative nausea, vomiting is very rare. 
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3. EPIDURAL ANAESTHESIA 
 

o In this, a very small diameter flexible Catheter is inserted 
into the back and repeated doses of anaesthetic drugs 
can be given and is useful for long duration surgery along 
with general anaesthesia or spinal anaesthesia.  

o This technique  helps in post-operative pain relief. 
o  This can also be used for pain relief during labour. 

  
 
4. NERVE BLOCK 
 

o It is used to numb the specific part of the body by 
injecting anaesthetic drugs around the nerves causing 
temporary loss of movements and sensations of that part 
of the body.  

o In this, the systemic side effects are less. 
 

 
 
 

How do we prepare patients for anaesthesia?

o History and physical examination are taken by the anaesthesia doctor.  
o All this will help in modifying the drugs and their doses  
o Risk stratification is done.  
o Patient needs to be kept nil by mouth 
o An IV line is secured for providing drugs. 

 
 
 
 

Written and informed consent will be taken from patients and relatives. 
All the procedures and steps to be done will be informed and explained to the patient. 

 
 
 

Post Operative Care

o We give medications to prevent post-operative pain and post operative nausea 
and vomiting. 

o Patients are shifted out of the operation theatre only when he/she is conscious 
and will be observed by the anaesthesiologist in the recovery room.  
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o एने$थी'सया का मतलब $मवेदना को रोकना है। 
o 8कसी भी ऑपरेशन या =नदान से पहले दद> को एने$थी'सया ?दया जाता है िजससे नसB के माCयम से 

मि$तDक तक पहंुचने वाले ददH संकेतB को रोका जाता है और उससे ऑपरेशन  दौरान और बदमे दद> को ददH 
महसूस नहMं होगा।  

o आजकल आधु=नक एने$थी'सया बहुत हM सुरQRत हो गया है। 
o एने$थी'सया योSय एने$थे'सयोलॉिज$ट Vवारा ?दया जाता है जो ऑपरेशन के दौरान और बाद दद> कW देखभाल 

करYगे। 
o एने$थी'सया काफ़W [कार के होते है। दद> को 8कस [कार का एने$थी'सया ?दया जाना है, यह ऑपरेशन के 

[कार, ऑपरेशन के समय, दद> कW उ], दद> कW सामा^य ि$थ=त और दद> कW पसंदगी पर =नभHर करता  है। 
 

एने$थी'सया के ,कार 
 

1. जनरल एने$थी'सया 
 

o इसमY ऑपरेशन श` करने से पहेले ऐन$थीज़ा कW दवाइयाँ नस या तो 
मा$क से दद> को दM जाती है। 

o इसके बाद दद> को कुछ भी याद नहMं रहेता।  
o एने$थे'सयोलॉिज$ट ऑपरेशन के दौरान दद> कW ?eदय 8क धVकन, 

fलड [ेशर और साँसB का ख़याल रहंगे। 
o ऑपरेशन के बाद अनाए$थेसीयोलोjग$ट धीरे धीरे दद> को सभान  

अव$था मY लाएँगे।  
o ऑपरेशन के बाद दद> को ददH ना हो, उलटM ना हो और गले मY ख़राश 

ना आए उसका अनाए$थेसीयोलोjग$ट ख़याल रखYगे।  

 

 
 

3. ए0प2यूरल एने$थे'सया 

एने$थी'सया सूचना पk 

2. $पाइनल एने$थी'सया 
 

o यह सबसे lयादा उपयोग होने वाला रMजनल एने$थी'सया है। 
o $पाइनल एने$थे'सया ना'भ के नीचे के पेट के ?ह$से और पैरB के 

ऑपरेशन के 'लए ?दया जाता है। 
o $पाइनल ऐन$थीज़ा मY पीठ के नीचेले ?ह$से मY दवाई दM जाती है 

िजससे  कमर के नीचे का भाग थोड़ ेघंटे तक सू^न हो जाता है।  
o दद> ऑपरेशन के दौरान पूरा सभान अव$था मY होता हM िजससे अगर 

उनको कोई तकलMफ़ हो तो वो डॉqटर को बता सकते है । 
o ऑपरेशन के बाद कुछ घंटे तक दद> को ददH मY राहत 'मलती है । 
o $पाइनल ऐन$थीज़ा दौरान कभी भी fलड [ेशर कम हो सकता है कभी 

भी कंपकंपी भी अ=त है िजसका अनाए$थेसीयोलोjग$ट ख़याल रखYगे ।  
o ऑपरेशन के बाद 'सर ददH और कमर ददH हो सकता है िजसका ख़याल 

रखा जाता है । 
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o इसमY पीठ मY बहुत हM छोटM नालM डालM जाती है और उसमY से 

ऐन$थीज़ा कW दवाई दM जाती हे । 
o यह $पाइनल या जेनरल अनाएसतहसीय के साथ ?दया जाता है। 
o इसका उपयोग [सव का ददH कम करने मY हो सकता है । 

 
 

4. नव6 7लॉक 
 

o इसका उपयोग शरMर के rव'शDट भाग को सु^न करने के 'लए 8कया जाता है, 
नसB के चारB ओर एने$थे?टक दवाओं को देकर शरMर के उस ?ह$से का हलन-
चलन और संवेदनाओं को कुछ समय के 'लये ब^द 8कया जाता है। 

o इसमY सबसे कम गेरलाभ है । 

 
 

                            एने$थी'सया के 'लए रो:गय< को कैसे तैयार ?कया जाएगा ? 

o दद> कW बीमारM का इ=तहास और शारMuरक जांच कW जाती है और आवvयक  जांच हो वो 
एने$थेसीयोलोिज$ट Vवारा करवाए जाएगी । 

o यह सब एने$थी'सया का [कार,दवाओं और माkा छ^ने मY मदद करेगा। 
o जोwखम वरगीकरण 8कया जाता है।  
o दद> ऑपरेशन से पहेले कुछ घंटे कुछ खाना पीना नहMं ?दया जाता । 
o दद> कW नस ने एक नालM डालM जाएगी िजससे अनाथे'सया और दसूरM दवाई दM जाती है । 

 
 

 
दद> और uरvतेदारB से 'लwखत और सूjचत सहम=त लM जाएगी। 
दद> को सभी [8yयाओं और चरणB के बारे मY समझाया जाएगा। 

 
 

 
सज6रA के बाद Dयाल रखना 

 
o ऑपरेशन के बाद ददH और उ{टM ना हो इसकW दवाई दM जाती है । 
o दद> को ऑपरेशन jथयेटर से बाहर तभी  ले जाया जाएगा जब तब उनको पूरM तरह से होश मY आ 

जाएगा है, और एने$थेसीयोलोिज$ट रMकवरM |ममY दद> कW देखरेख करYगे । 
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એને$થેિસયા ની મા,હતી 
 

o એને$થિેસયા એટલે સવંદેનાને અટકાવી.  
o કોઈ પણ ઓપર8શન ક8 િનદાન ની તપાસ દરિમયાન દદ< ને એને$થિેસયા આપવામા ંઆવે 
છે. ?થી ચેતાતAં ુ Cારા મગજ મા ંપહGચતા Hુખાવાના સકં8તોને અવરોધી શકાય.   

o આજકલ આKિુનક એને$થિેસયા Lબુ જ સલામત છે.  

o એને$થિેસયા લાયક એને$થિેસઓલોN$ટ Cારા આપવામા ંઆવે છે. ? ઓપર8શન દરિમયાન 

અને પછO દદ< ની સભંાળ લેશે. 
o એને$થિેસયા ના િવિવધ Rકારો ઉપલTધ છે. દદ< ને Uા ંRકારVુ ંએને$થિેસયા આપWુ ં એ 

ઓપર8શન નો  Rકાર, ઓપર8શન નો સમય, દદ<ની Xમર, દદ< ની સામાYય Z$થિત અને દદ< 
ની પસદંગી ને [યાનમા ંરાખીને કરવામા ંઆવે છે.         

 

એને$થેિસયા ના *કાર 
 
1. જનરલ એને'થેિસયા 
 

o ઓપર8શન શ\ કરતા પહ8લા દદ< ને બેભાન કરવા માટ8 નસમા ં
અથવા મા$કથી એને$થિેસયાની દવાઓ  આપવામા ંઆવે છે.   

o ]યારબાદ દદ< ને ઓપર8શન દરિમયાન કંઈપણ યાદ રહ8A ુ ં
નથી.  

o એને$થિેસયોલો^જ$ટ દદ< ના નળOના ધબકારા, લોહOVુ ંદબાણ 

અને _ાસો_ાસ ની  કાળN રાખશે. 
o ઓપર8શન `aંુુ  થયા  બાદ  એને$થિેસયોલો^જ$ટ દદ< ને ધીમે 
ધીમે પાછો  ભાનમા ંલાવશે.  

o ઓપર8શન બાદ દદ< ને Hુઃખાવો ન થાય, ઉલટO ઉબકા ના થાય, 

તથા  ગળા મા ંખારાશ ના થાય  તેની સભંાળ રાખવામા ં
આવશે. 

 

 
2. 'પાયનલ એને'થેિસયા 
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o $પાયનલ એને$થિેસયા સૌથી વK ુવપરાતી Rdeયા છે.  

o $પાયનલ એને$થિેસયા fુટંO થી નીચેના પેટના ંઓપર8શન ક8 
પગના િવિવધ ઓપર8શન માટ8 વપરાય છે. 

o $પાયનલ એને$થિેસયામા ં પીઠના ં નીચેના ભાગમા ં
એને$થિેસયાની દવા આપવામા ંઆવે છે. ?થી કમરની નીચેનો 
ભાગ થોડા કલાકો  માટ8 ikૂ પડO lય છે.  

o $પાયનલ એને$થિેસયામા ંદદ< સભાન અવ$થામા ંહોઈ છે. 

?થી કોઈ તકલીફ થઇ તો ડૉpટર ને lણ કરO શક8 છે. 

o ઓપર8શન પછO થોડા કલાકો  qધુી Hુખાવામા ંરાહત રહ8 છે. 

o $પાયનલ એને$થિેસયા આrયા પછO લોહOVુ ંદબાણ ઘટO શક8 
છે. તેમજ ઓપર8શન દરિમયાન tlુરO પણ થઇ શક8 છે. ?Vુ ં
એને$થિેસઓલોN$ટ [યાન રાખશે. 

o $પાયનલ એને$થિેસયાથી ઉuટO ઉબકા થવાની સભંાવના Lબૂ 

જ ઓછO છે. 

o ઓપર8શન પછO માથાનો ક8 કમરનો Hુઃખાવો ન થાય તેની 
એને$થિેસઓલોN$ટ Cારા કાળN લેવામા ંઆવશે.  

 

 

 
3. એિપડ/રુલ એને'થેસીયા 
 

o આમા ંLબૂ જ નાની નળO પીઠમા ં vકુવામા ંઆવશે ?ના Cારા 
એને$થિેસયાની દવાઓ જ\dરયાત Rમાણે લાબંા સમય qધુી 
આપી શકાય.   

o એિપડwરુલ એને$થિેસયા $પાઈનલ તથા જનરલ 

એને$થિેસયાની સાથે આપવામા ંઆવે છે.   

o આનાથી ઓપર8શન પછO  લાબંા સમય qધુી  Hુખાવામા ંરાહત 

રહ8 છે. 

o એિપડwરુલ એને$થિેસયા Cારા Hુઃખાવા વગરની Rqિુત થઇ 

શક8 છે.  

 

 
4. નવ3 4લોક 
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o ચેતનાની  xથંી ની આસપાસ એને$થિેસયાની દવાઓ 

y?pશન Cારા આપીને શરOરના ંચોzસ ભાગ ને ikૂ કરવામા ં

આવે છે. 

o આમા ંઆડઅસર Lબૂ જ ઓછO છે. 
 

 
 

એને$થેિસયા માટ/ અમે દદ2ઓ ક/વી ર6તે તૈયાર કર6 શક6એ? 
 

o દદ<ની {બમારOનો  ઇિતહાસ અને શાdરરOક તપાસ કરવામા ંઆવે છે અને જ\રO લાગતી 

વધાર8 તપાસો પણ કરાવવામા ંઆવે છે.  ?ના પારથી એને$થેિસયાનો Rકાર,  

એને$થિેસયાની દવા તથા દવાની માગં નzO કરવામા ંઆવે છે. 

o એને$થિેસયાના જોખમVુ ંવગ|કરણ કરવામા ંઆવે છે. 

o દદ<ને ઓપર8શન પહ8લા ં}~ૂયા પેટ રહ8વા Vુ ંહોઈ છે. 

o ઓપર8શન પહ8લા ંદદ<ની નસમા ંનળO vકૂવામા ંઆવે છે. ?ના Cારા દવાઓ આપી શકાય.      
 

 
 

દદ<ઓ પાસેથી લે{ખત અને મૌ{ખક સમંિત લેવામા ંઆવે છે. 

બધી Rdeયાઓ અને પગલાઓં દદ<ને સમlવવામા ંઆવશે. 
 

 
 

ઓપર/શન પછ6 <ુ ંકાળ@ લેવી 
 

o ઓપર8શન પછO દદ<ને Hુઃખાવો ન થાય તથા ઉલટO ઉબકાઓ ન થાય તે માટ8 ની દવાઓ 

એને$થિેસઓલોN$ટ Cારા આપવામા ંઆવશે.  

o એને$થિેસઓલોN$ટ Cારા ઓપર8શન બાદ દદ<ને `રુા ભાનમા ંલાવવામા ંઆવશે. `રુા 

ભાનમા ંઆ�યા બાદ જ દદ< ને dરકવરO \મમા ંલઇ જવામા ંઆવશે. અને થોડા સમય qધુી 

એને$થિેસઓલોN$ટ તેની દ8ખર8ખ રાખશે.    
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INTRODUCTION

Haemodynamic changes during laparoscopic surgery 
are attributed to the induction of pneumoperitoneum. 
Cases are conventionally managed with general 
anaesthesia (GA), supplemented by epidural or 
paravertebral blocks. Complicated laparoscopic 
surgeries require modification in the existing 
anaesthetic techniques.[1] The ideal anaesthetic 
technique for laparoscopic surgery should maintain 
stable haemodynamics, provide rapid recovery, 
be associated with minimal nausea, vomiting and 
adequate analgesia postoperatively.

 Erector spinae plane (ESP) block is a novel regional 
technique, described by Forero et al. for thoracic 
neuropathic pain.[2] It is a paraspinal interfascial plane 
technique with potential applications. ESP block is 
beneficial in managing acute and chronic pain, and 
is an established technique for postoperative pain 
relief.[3] Nevertheless,  its use intraoperatively as an 
adjuvant is not much known. Thoracic epidural and 

paravertebral blocks are well‑established analgesic 
techniques, but are associated with complications 
like pneumothorax, vascular puncture, nerve damage, 
etc.[4] On the contrary, ESP block has a better safety 
profile and comparable pain relief. As the site of 
injection is distant from the pleura, major blood 
vessels and the spinal cord, ESP block has relatively 
few complications. ESP block has analgesic effect on 
somatic and visceral pain by blocking the dorsal and 
ventral rami. Additionally, sympatholysis is achieved 
by its effect on the rami communicantes that include 
sympathetic nerve fibres, as the local anaesthetic (LA) 
spreads through the paravertebral space. Bilateral ESP 
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safer with comparable pain relief. ESP block is an established technique for postoperative pain 
relief. Its intraoperative use as an adjuvant to general anaesthesia (GA) is not yet known. The 
aim of this study was to assess the efficacy of ESP as an adjuvant to GA during laparoscopic 
surgery. Methods: This was a randomised controlled trial. Using a computer generated random 
number table, 50 patients were randomly allocated into two groups. Group G (n = 25) received 
GA and group GE (n = 25) received bilateral ESP (ultrasonography guided) block using 20 ml 
of 0.25% bupivacaine at the level of the transverse process of T6 before the induction of GA. 
Results: Group  GE showed reduced requirement of fentanyl (P  <  0.0001) and inhalational 
agents (P < 0.0001) with significant reduction in systolic blood pressure (P < 0.0001), diastolic 
blood pressure (P < 0.0001) and mean heart rate as compared to group G. Conclusion: ESP 
block is an easy, safe, excellent adjuvant to GA which reduces the requirement of analgesics 
and inhalational agents.

Key words: Epidural analgesia, erector spinae plane block, laparoscopy, ultrasound

Access this article online

Website: www.ijaweb.org

DOI: 10.4103/ija.ija_815_21

Quick response code

How to cite this article: Baheti S, Kaushik C, Biswas S. Novel 
use of erector spinae plane block in laparoscopic surgery. Indian J 
Anaesth 2022;66:573-8.

This is an open access journal, and articles are distributed under the terms of 
the Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, 
which allows others to remix, tweak, and build upon the work non‑commercially, 
as long as appropriate credit is given and the new creations are licensed under 
the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

Page no. 35



Baheti, et al.: Novel use of erector spinae block in laparoscopic surgery

574 Indian Journal of Anaesthesia | Volume 66 | Issue 8 | August 2022

block has been reported to be as effective as thoracic 
epidural analgesia.[5] As the LA widely spreads cranially 
and caudally in ESP block,[6‑8] we hypothesised 
that along with analgesic activity, ESP block can 
be used to obtund the haemodynamic response to 
pneumoperitoneum, due to its sympatholytic activity.

The aim of this study was to assess the efficacy of 
ESP block as an adjuvant to GA during laparoscopic 
surgeries. The primary objective was to assess 
the intraoperative haemodynamic response. The 
secondary objectives were to assess the intraoperative 
analgesic and inhalational agent requirements and 
adverse effects of the procedure, if any.

METHODS

After institutional ethics committee approval  (IESC/
FP/2020/24) and registration of the study in the Clinical 
Trials Registry of India  (CTRI)  (2021/09/036754), 
this prospective, randomised controlled trial was 
conducted in a tertiary care hospital over a period of 
six months. The study was done in accordance with 
the principles of the Declaration of Helsinki.

Patients between 18 and 60  years of age, with 
American Society of Anesthesiologists  (ASA) 
physical status I and II, undergoing laparoscopic 
surgeries  (appendicectomy, cholecystectomy, 
hernia repair and diagnostic gynaecological surgery 
including hysterectomy) with an expected duration 
of less than 2.5 hours were included in the study. 
Patients who refused participation, and those with 
history of significant systemic ailments or undergoing 
emergency surgeries were excluded.

We enroled 50  patients. They were randomised into 
two groups of 25 each using a computer generated 
balanced allocation table. Group GE received GA with 
ESP block; group G received GA.

Preoperative evaluation was done, informed consent 
was taken and baseline vitals were recorded. With 
the patient in the sitting position, a preliminary 
ultrasound scan was done to define and mark the 
required thoracic level  (T6‑T7), bilaterally. Under 
all aseptic precautions, 2‑3  ml of 2% lidocaine skin 
infiltration was given at the site of block. Using a high 
frequency linear probe, scan was done from lateral 
to medial side in a sagittal view and the landmarks 
including the transverse process at T6 level and the 
three layers of muscles arranged from posterior to 

anterior (trapezius‑rhomboid‑erector spinae) were 
identified. A  90  mm 22 gauge spinal needle was 
advanced in a cephalad to caudad direction using an 
in‑plane needling technique, aiming towards the tip of 
the transverse process. After gentle contact with the T6 
transverse process, with good needle visualisation and 
after recurrent aspiration, 20 ml of bupivacaine (0.25%) 
was administered on each side. Spread of drug anterior 
to erector spinae muscles was noted  (elevating 
erector spinae muscles from transverse process with 
a good caudal and cephalic spread). The patient was 
made supine and after preoxygenation with 100% 
oxygen, GA was administered with intravenous  (IV) 
fentanyl 2 µg/kg and propofol 2  mg/kg. Atracurium 
0.5  mg/kg was given and endotracheal intubation 
was done. Patient was maintained with isoflurane in 
oxygen and air mixture  (50%), titrated according to 
the blood pressure (BP) between 0.5 and 1.5% with a 
fresh gas flow of 4 L/min and top‑up doses of injection 
atracurium. If heart rate (HR) or mean arterial pressure 
exceeded 20% of baseline, IV fentanyl 0.5 µg/kg was 
given, isoflurane dial setting was increased in a 
standard sequence of 0.2% and the total requirement 
of both was recorded. HR and BP were recorded 
every 15  min from the insertion of laparoscopic 
ports till the end of surgery. Neuromuscular reversal 
(0.05 mg/kg neostigmine, 0.004 mg/kg glycopyrrolate) 
was administered and trachea was extubated after the 
patient had regained adequate tone and reflexes.

The sample size was calculated assuming an effect 
size for  systolic blood pressure (SBP) of 0.8 between 
the groups, alpha error 0.05 and  power of 80%. The 
calculated sample size was 48 (using G POWER software 
version 3.1.9.4). However, we enroled 50 patients (25 
in each group) with block randomisation technique to 
compensate for attrition. Allocation concealment was 
done by keeping the random allocation number enclosed 
in a sealed opaque envelope. The envelope was opened 
by an anaesthesiologist not involved in the study. The 
drug preparation was done by the anaesthesiologist 
who was involved in administration of anaesthesia and 
patient care. Monitoring and data collection was done 
by another doctor not involved in drug administration.

MedCalc® statistical software version 20.013 
(MedCalc Software Ltd, Ostend, Belgium) was used 
for statistical analysis. Quantitative data was analysed 
by independent Student’s ‘t’ test. Final interpretation 
was done using ‘Z’ test (standard normal variant) with 
95% significance. Qualitative analysis was done by 
Chi‑square test.
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RESULTS

During the study period, 50  patients were enroled 
and included in the study. None of the patients were 
excluded during the study period; 50  patients were 
included in the final data analysis [Figure 1].

Patients in both the groups did not show statistically 
significant differences in their age  (P  =  0.1884), 
gender (P = 0.175), weight distribution (P = 0.8053) and 
ASA physical status (P = 0.34). The duration of surgery 
was comparable in both the groups (P = 0.3256).

Reduction in HR in the GE group was not statistically 
significant at 15  minutes  (P  =  0.1822), but later 
there was a progressive downsloping of HR which 
was statistically significant.  (Baseline mean HR: 
GE group  –  74.76/min, standard deviation  (SD) 
6.6913; G group  – 76.2 beats/min, SD  –  7.3699, 
P  =  0.4923, not significant; HR at the end of 
surgery: GE group  –76.6 beats/min, SD  –  6.1577; G 
group  –  82.48 beats/min, SD  –  7.7035, P  =  0.0004 
(significant)). However, HR was higher than baseline 
in both groups during the first 15 min [Table 1].

Differences in SBP and diastolic blood pressure (DBP) 
at baseline and at pneumoperitoneum between both 

groups were statistically insignificant. But there was 
a remarkable reduction in SBP and DBP in GE group 
with statistical significance at 15, 30, 45  min, 1  h 
and at the end of surgery with P < 0.0001 [Figure 2; 
Table 2]. Fentanyl requirement was significantly low 
in group  GE with P  <  0.0001  [Figure  3]. Isoflurane 
requirement in group  G was nearly twice than in 
group GE, with P < 0.0001 [Figure 4].

DISCUSSION

In this study, ESP block with GA showed a significant 
reduction in the requirement of analgesic and 
inhalational agents and offered better haemodynamic 
control compared to GA alone. ESP block has been 
shown to provide complete surgical anaesthesia for 

Assessed for eligibility (n = 50)

Excluded  (n = 0)
• Refused participation (n = 0)
• History of significant ailments (n = 0)
• Undergoing emergency surgery (n = 0)

Randomised (n = 50)

Allocation

Follow-Up

Analysis

Allocated to Group GE (n = 25)
• Received GA+ESP (n = 25)
• Did not receive ESP (n = 0)

Allocated to Group G (n = 25)
• Received GA (n = 25)
• Did not receive GA (n = 0)

Discontinued due to adverse events (n = 0) Discontinued due to adverse reaction (n = 0)

Analysed (n = 25)
• Excluded from analysis (n = 25)

Analysed (n = 25)
• Excluded from analysis (n = 25)

Enrolment

Figure 1: Consolidated standards of reporting trials (CONSORT) flow diagram. GA – General anaesthesia; ESP: Erector spinae plane block; 
n: number

Table 1: Mean heart rate (beats/min)
Heart rate (beats/min) GE G P

Mean SD Mean SD
Baseline 74.76 6.6913 76.2 7.3699 0.4923
At pneumoperitoneum 87.56 7.5943 90.72 8.8625 0.1822
15 min 84.12 7.474 88.64 5.9223 0.0218
30 min 79.88 7.623 88.72 5.712 0.0001
45 min 78.8 6.1577 88.96 4.8087 0.0001
1 hour 77.08 7.0252 84.52 4.1041 0.0001
End of surgery 76.6 5.9161 82.48 7.7035 0.004
P<0.05 is significant, Independent Student’s “t” test, was applied. GE: General 
anaesthesia + Erector spinae plane block, G: General anaesthesia. SD: Standard 
deviation
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breast surgeries.[9] It has also been used as part of 
multimodal analgesia in lumbosacral spine surgeries 
and as a postoperative opioid‑sparing technique 
following laparoscopic surgery.[10,11]

Laparoscopic surgeries have significant 
haemodynamic changes attributed to the induction 
of pneumoperitoneum. Increased intra‑abdominal 
pressure and hypercarbia are the main challenges 
to combat during laparoscopic surgery. Increased 
intra‑abdominal pressure causes a gross increase 
in systolic, diastolic and mean arterial pressures. 
Conventionally, anaesthesiologists use thoracic 
epidural or paravertebral block to attenuate the 
haemodynamic changes during laparoscopic 

surgery, and these require expertise, are expensive 
and not advisable in coagulopathy.[12,13] It may also 
be associated with complications like inadvertent 
dural puncture, pleural puncture, pneumothorax, 
vascular puncture, nerve damage, catheter breakage or 
catheter site infection, etc.[14] In such a scenario, the 
anaesthesiologist finds the need for a less expensive, 
less invasive technique to achieve the effects similar 
to thoracic epidural.

Bilateral ESP block has become a favoured and 
ideal modality for postoperative analgesia. The 
intraoperative usage of ESP block and its significant 
advantages in obtunding the haemodynamic response, 
has not been explored. There is a paucity of literature in 
this area. Our study pioneers the intraoperative use of 
ESP block to produce stable haemodynamics during 
laparoscopic surgeries. It is based on cadaveric studies 
by Diwan S. et al.[15] and the hypothesis that the LA 
spreads along the ventral and dorsal rami of spinal 
nerves causing sympathetic blockade which attenuates 
the pressor response.

In cadaveric studies, bilateral ESP block showed 
extensive spread of LA from T1 to T11 with involvement 
of epidural, neural foraminal and intercostal spread 
when injected at the level of T6. It anaesthetises the 
spinal nerves by spreading through the costotransverse 
foramen of Cruveilhier, accompanying the dorsal 
ramus and artery to the paravertebral space.[12] ESP 
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Figure  2: Mean systolic and diastolic blood pressure  (mmHg) 
GE – General anaesthesia + Erector spinae plane block, G – General 
anaesthesia
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Figure 3: Intraoperative fentanyl requirement (µg/kg). GE – (General 
anaesthesia + Erector spinae plane block), G – General anaesthesia

Table 2: Systolic and diastolic blood pressure (mmHg)
Time Mean SBP (mmHg) Mean DBP (mmHg)

GE G P GE G P
Baseline 128.12±8.477 127.32±6.5366 0.71 84.04±8.6626 83.48±7.06 0.8032
At pneumoperitoneum 110.04±7.547 113.88±8.0897 0.0887 73.4±8.7702 74.12±7.2072 0.7524
15 min 110.88±6.4376 127.84±8.5082 <0.0001 72.88±8.0225 84.72±9.3252 <0.0001
30 min 109.52±4.2438 125.4±5.4237 0.0001 72.4±6.8557 83.56±6.4941 0.0001
45 min 108.8±3.8079 125.56±6.1446 0.0001 69.88±5.2545 82.76±8.0275 0.0001
1 hour 107.72±5.1358 124.04±5.5564 0.0001 67.72±5.2402 82.04±8.2587 0.0001
End of surgery 107.48±6.0904 123.4±6.2048 0.0001 69.88±5.2545 82.76±8.0275 0.0001
Data is represented as mean±standard deviation and compared with independent Student’s “t” test, P<0.05 is significant, GE: General anaesthesia + Erector 
spinae plane block, G: General anaesthesia, SBP: Systolic blood pressure, DBP: Diastolic blood pressure
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block is a safe alternative to epidural and paravertebral 
block due to the usage of transverse process as a barrier 
to avoid injuring the pleura. Hence, complications like 
pneumothorax and pleural puncture are avoided.

In our study, 20 ml of 0.25% bupivacaine was deposited 
at T6 on each side, as this volume was shown to 
spread from T1 to T7 and T4 to T12 in a case report, 
and had provided effective analgesia.[3] The effect 
of this block provided remarkable haemodynamic 
stability and advantages. On observing the HR, we 
found that initially HR was higher than baseline in 
both groups. But the successive HR recordings showed 
statistically significant progressive downsloping with 
the block. However, throughout the procedure, the 
HR remained higher than the baseline values in both 
groups. This can be attributed to the sensitisation of 
the myocardium to the catecholamines produced 
following pneumoperitoneum.[16] SBP and DBP at 
the induction of pneumoperitoneum were similar 
in both groups but progressive recordings showed a 
statistically significant reduction of SBP and DBP 
with ESP block. This establishes the use of ESP 
block as an adjuvant to GA, as a novel addition to 
the anaesthesiologist’s armamentarium for providing 
good analgesia, sympatholysis and lower BP during 
laparoscopic surgery.

In the current study, the fentanyl requirement was 
remarkably low with ESP block. The mean additional 
dose of fentanyl required was as low as 0.5 µg/kg, 
which grossly improved awakening and reduced 
opioid‑related side effects. This advantage makes it 
a novel preferred method. Isoflurane requirement 
in group  G was twice as compared to group  GE. 
Intraoperative awareness was questioned immediately 
in the postoperative recovery room, and was absent 
in all our patients. Hence, by using ESP block, the 
requirement of inhalational agents decreased by half. 
No adverse effects were noted due to ESP block.

The limitations of this study are that the volume of the 
drug was not titrated to height, depth of anaesthesia 
was not monitored and agent analyser was not 
available. Benefits of additives to LA, and efficacy in 
prolonged surgeries and the postoperative period need 
to be assessed in future studies. To further quantify the 
stress response, catecholamine levels can be measured 
in further studies.

CONCLUSION

ESP block is a novel, safe, minimally invasive, 
economical and effective block which can be used as 
an adjuvant to GA during laparoscopic surgeries. It 
decreases the requirement of opioids and inhalational 
agents and provides adequate sympatholysis without 
any adverse effects.
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INTRODUCTION

Airway management in the form of intubation in 
patients with laryngeal tumour is associated with 
high‑risk. A  supraglottic tumour may obstruct the 
view of the larynx, whereas the glottis is the narrowest 
point for passage of an endotracheal tube  (ETT). 
There is an inherent risk of losing control of the 
airway in these patients on the induction of general 
anaesthesia (GA) before tracheal intubation either due 
to loss of hypopharyngeal muscle tone or dynamic/
complete airway obstruction.[1]

In the presence of such predicted difficult airways, 
awake tracheal intubation  (ATI) is considered 
the technique of choice. ATI is performed 
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using either a fibreoptic bronchoscope  (FOB) or 
videolaryngoscope  (VL). FOB‑guided ATI is skill 
dependent, requires time, complex equipment 
and may not be always successful.[2] Front of neck 
access (FONA) with awake tracheostomy under local 
anaesthesia is another option, but this does not seem 
pragmatic and is avoided if possible.

There has been a paradigm change in the airway 
management with the introduction of a variety of 
VLs.[3] VL‑aided ATI is faster, safer, and has higher 
success rate as it allows visualisation of both, the 
larynx and the upper airway. There is avoidance of 
the red out and cork in screw phenomenon seen with 
FOB‑guided intubation. Gentle traction with a VL 
helps in creating space in the upper airway for suction 
of secretions and might lift the tumour away from 
the laryngeal inlet, thereby relieving the obstruction 
and making the patient more comfortable.[4] Markova 
et al.[1] conducted a feasibility study where 23 out of 
25 patients with laryngeal tumours for surgery were 
intubated awake using King Vision VL (KVVL) with a 
channelled blade.

The C‑MAC®VL has a hyperangulated  (40°) D‑blade 
with 1 mm thickness, an elliptical tapered half‑moon 
shape and a facility for paraoxygenation. These features 
make it an attractive option in difficult intubations, 
provided the mouth opening is more than 18 mm.[5,6] 
However, the use of D‑blade in laryngeal tumours is 
not well documented with only few cases reported in 
the literature.[4] This study was conducted to evaluate 
the use of C‑MAC VL D‑blade  (adult size) for awake 
orotracheal intubation in patients with laryngeal 
tumours undergoing elective surgery under GA.

METHODS

This observational study took place at a medical 
college hospital from March 2019 to August 2020. 
The study was approved by the Institutional Review 
Board [IRB number ‑ ECR/658/Inst/PB/2014/RR‑2017]  
and the institutional ethics committee (on 27-12-
2018). It was registered in the  Clinical Trial Registry, 
India [CTRI/2019/03/018123], and was performed in 
accordance with the principles of the Declaration of 
Helsinki.

For sample size calculation, previous one year data 
from the department of ear, nose and throat in patients 
with diagnosed laryngeal tumours was collected. 
A  total of 50  patients with laryngeal tumours had 

undergone procedures. Considering the exclusion 
criteria, we planned to enrol 30 patients in our study 
using convenient sampling in the study period.

Patients older than 18  years, of American Society 
of Anesthesiologists  (ASA) physical status I‑III 
undergoing diagnostic or radical surgery for laryngeal 
tumour, were included. The exclusion criteria were 
patients with mouth opening  ≤18  mm, at risk of 
aspiration and pregnant patients. Patients with 
complete airway obstruction, and those having tumour 
of airway other than the larynx  (tongue or tracheal) 
were also excluded.

Preoperative anaesthetic evaluation was done a day 
prior to surgery. Airway difficulty score  (ADS) was 
recorded in all the patients.[7] Alternatives to awake 
VL, such as awake FOB guided intubation and FONA 
were informed.

In the operation room, heart rate  (HR), non‑invasive 
blood pressure (NIBP), continuous electrocardiogram 
and oxygen saturation  (SpO2) were recorded before 
the induction of anaesthesia. All patients received 
intravenous (IV) glycopyrrolate 0.2 mg, dexamethasone 
8 mg, ondansetron 4 mg and an IV infusion of 1 µg.kg‑1 
dexmedetomidine and 1  µg.kg‑1 fentanyl diluted in 
50 ml saline, over 20 min for sedation.[8]

An experienced anaesthesiologist performed all the 
intubations with the patient in the semi‑recumbent 
position. Topicalisation of the airway was done with 
lignocaine 10% sprayed during inspiration over 
the oropharynx, tonsillar pillars and base of the 
tongue  (two puffs on each side). Four millilitres of 
4% lignocaine was administered during inspiration 
through a laryngotracheal mucosal atomisation device, 
for anaesthetising the glottis and tracheal lumen. The 
adequacy of oral and oropharyngeal topicalisation was 
checked by gentle suction at the posterior pharyngeal 
wall before introducing the blade. The total local 
anaesthetic dose was estimated and was kept below 
9 mg.kg‑1.[9]

Paraoxygenation was done via a catheter inserted into 
the half open‑guide rail on the blind side of C‑MAC 
D‑blade and attached to an oxygen source with a flow 
rate of 10‑15  L.min‑1. A  polyvinyl chloride tracheal 
tube with a soft tip was used to secure the airway. 
The Fremantle score was used to assess the view, ease 
and device used for laryngoscopy. Fremantle score is 
calculated using a three part numerical scoring system 
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based on the laryngeal view [full (F), partial (P) or no 
view  (N)], ease of endotracheal intubation  [easy  (1), 
modified (2) or unachievable (3)] and the VL including 
blade and its size (here CMAC‑D size 3).[10] Standard 
anaesthetic drugs were used for the induction and 
maintenance of GA.

The success of intubation and the duration of stages of 
intubation were recorded by another anaesthesiologist. 
The following durations were assessed and recorded 
using a smart phone: 1) duration of visualising the 
vocal cord – the time from picking up the VL to noticing 
the vocal cords (percentage of glottic opening (POGO) 
score at least 75%); 2) duration of intubation: time 
from observing the vocal cords up to the passage of 
ETT through the vocal cords; 3) duration of first 
ventilation: the time taken to inflate the ETT cuff and 
to identify the first square wave capnograph on the 
monitor; and 4) total intubation duration: the time 
from picking up the VL to the appearance of the first 
square wave capnograph on the monitor. Failure of 
intubation was considered if patient did not tolerate 
the procedure, or if more than three attempts were 
required.

The cough was assessed by the cough and gag score 
and patient comfort was assessed by comfort score 
during the intubation procedure.[11] Ramsay sedation 
score  (RSS) was used to assess sedation in the 
patients.[12] The anaesthesiologist performing the ATI 
rated the procedure between 0, if it was very difficult, 
to 100, if very easy. Similarly postoperatively, the 
patients in the postanaesthesia care unit were asked 
about their experience during ATI and they rated 
between 0, if they had worst possible discomfort, to 
100 if comfortable and would not mind having the 
procedure again.

The primary study objective was to determine the 
rate of successful intubation in the first attempt. We 
also recorded the number of attempts (removal of the 
C‑MAC D‑blade VL from the airway and re‑insertion), 
HR, NIBP and SpO2 at baseline, after topicalisation, 
during VL, immediately after intubation, at 1, 2, 5 min 
after intubation, before extubation, immediately after 
extubation, and at 5 and 10  min after extubation. 
Other findings like damaged teeth, soft tissue oedema, 
bleeding from the gums or lips were recorded post 
operatively.

Statistical Package for Social Sciences was used to 
conduct the statistical analysis  (SPSS Inc., Chicago, 

version 16.0 for Windows). For the descriptive statistics, 
categorical variables, that is, gender distribution, ASA 
physical status, operative procedure, site of tumour, 
Fremantle score, number of attempts to intubate, 
additional laryngeal manipulation and coughing/
movements of hands were presented as numbers 
and percentages. Age, weight, height, body mass 
index  (BMI), ADS, duration of topicalisation, POGO 
score, duration of procedure, cough and gag score, 
comfort score, RSS, visual analogue scale  (VAS), 
haemodynamics and SpO2 were presented as the mean 
and standard deviation.

RESULTS

Out of the 40 patients considered eligible, 30 patients 
were enroled for the study after obtaining written 
informed consent  [Figure  1]. Patient details such as 
age, gender, ASA grading, weight, height and BMI 
were recorded  [Table  1]. Out of these 30  patients, 
29 (96.7%) underwent direct laryngoscopy with biopsy 
and 1 (3.3%) had micro‑laryngeal surgery. There 
were 14  (46.7%) patients with supraglottic tumours, 
14  (46.7%) with glottic tumours and two  (6.6%) 
patients with subglottic tumours in the present study.

The mean duration of topicalisation was 6.57 ± 2.4 min 
with 60% of the patients achieving topicalisation 
in 3‑5  min. POGO score 90‑100% was noted among 
majority of the patients (83.3%). Majority (86.7%) of the 

Table 1: Patient details
Parameter Number 

(%)
Mean±SD (range) 95% CI

Age (years)
<50
50‑60
61‑70
>70

6 (20%)
11 (36.7%)
10 (33.3%)
3 (10.0%)

57.47±11.04 (35‑75) 53.34‑61.59

Gender
Male
Female

26 (86.7%)
4 (13.3%)

ASA grade
I
II
III

3 (10%)
24 (80%)

3 (3%)
Weight in kg 59.7±12.23 (30‑89) 55.13‑64.27
Height in cm 163.63±7.32 (145‑178) 160.90‑166.37
BMI in kg/m2 22.16±3.73 (14.27‑30.84) 20.76‑23.54
ADS

6
7
8
9

4 (13.3%)
18 (60.0%)
7 (23.3%)
1 (3.3%)

7.17±0.69 (6‑9) 6.91‑7.43

ASA –American Society of Anesthesiologists, SD – standard deviation. 
ADS – Airway difficulty score, CI – confidence interval, BMI – body mass index
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patients were intubated in a single attempt. 13.3% of 
the patients were intubated in two attempts [Table 2].

Sixty percent of the patients had Fremantle score 
F‑1‑C‑MAC D‑blade, 23.3% of the patients had 
F‑2‑C‑MAC D‑blade, 13.3% of the patients had 
P‑1‑C‑MAC D‑blade and 3.3% of the patients had 
P‑2‑C‑MAC D‑blade.

The mean duration to visualising the vocal cords 
and intubation was 12.02  ±  4.34 s and 9.02  ±  3.84 
s respectively. The mean duration of first ventilation 
and total duration was 4.33 ± 1.51 s, and 25.38 ± 5.88 
s, respectively  [Table  3]. Additional laryngeal 
manipulation was performed in 16.7% of patients and 
83.3% of the patients did not require it.

Coughing/movements of hand were present in 16.7% 
patients while 83.3% of the patients did not cough at 
all during intubation. Majority (86.6%) of the patients 
had a comfort score 1‑2 while 13.3% needed to be 
pacified (score3). The RSS ranged between 1 and 3 
in all patients throughout the intubation procedure 
[Table 2].

There were no wide fluctuations in any of the 
haemodynamic variables like HR, blood pressure 
and oxygen saturation measured at baseline, after 
topicalisation, during videolaryngoscopy, immediately 
after intubation, at 1, 2, 5 min after intubation, before 
extubation, immediately after extubation, at 5 and 
10 min after extubation.

None of the patients suffered from damage to teeth or 
bleeding from gums or soft tissue oedema. The median 
VAS for anaesthesiologist’s ease of intubation was 

90 [inter quartile range (IQR) 70‑100] and for patient’s 
experience was 90 (IQR 60‑100).

DISCUSSION

The results of our observational study validate that 
C‑MAC VL D‑blade successfully facilitated ATI in 
patients with laryngeal tumours.

Intubation was highly successful on the first try (86%) 
and was accomplished in less than half a minute in 
all patients  [Table  2]. Sahajanandan et  al.[13] have 
reported first attempt success rate of intubation 
using C‑MAC D‑blade and channelled KVVL to be 

Table 2: Intubation parameters with C‑MAC VLD‑blade
Number of 

Patients
Percentage 

(%)
Duration of topicalisation (min)

3‑5
6‑10 

18
12 

60
40

POGO score
90‑100%
75‑89%

25
5 

83.3
16.7

Number of attempts to intubate
One
Two

26
4 

86.7
13.3

Cough and Gag score
1
2
3
4
5

25
1
4
0
0

83.33
3.33

13.33
0
0

Comfort score
1
2
3
4
5

19
7
4
0
0

63.33
23.33
13.33

0
0

Ramsay sedation score
1
2
3
4
5
6

2
15
13
0
0
0

6.67
50

43.33
0
0
0

VL – videolaryngoscope, POGO – percentage of glottic opening

Table 3: Duration of the procedure
Mean±SD 

(s)
Range 

(s)
95%CI 

(s)
D1 12.02±4.34 5.21‑30.32 10.39‑13.64
D2 9.02±3.84 3.41‑20.30 7.59‑10.46
D3 4.33±1.51 2.01‑9.33 3.76‑4.90
D4 25.38±5.88 14.34‑41.74 23.18‑27.58
D1=Duration to visualising the vocal cords; D2=Duration of intubation; 
D3=Duration of first ventilation; D4=Total intubation duration. SD – standard 
deviation, CI –confidence interval

Enrolment

Allocation

Analysis

Follow-Up

Assessed for eligibility
(n = 40)

Allocated to the
study (n = 30)

Drop outs (n = 0)

Analysis (n = 30)

Excluded (n = 10)
• Did not meet the criteria (n = 7)
• Did not give consent (n = 1)
• Surgery postponed (n = 1)
• Bradycardia during
Dexmedetomidine infusion (n = 1)

Figure 1: Flow diagram
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84.3% and 74.1% respectively in obese patients with 
anticipated difficult airway. Because of its flat profile 
and elliptical form, the D‑blade may give a better 
glottic visibility and higher first attempt success. 
Additionally, it is less bulky, easy to introduce into 
the mouth with the capability of manoeuvring the 
ETT within the oral cavity, if required. The fixed 
wider view of the glottis and surrounding structures, 
including the tumour, provided by the D blade, aids in 
recognition of the airway landmarks. Markova et al., in 
their study on patients with periglottic tumours, had 
used KVVL and found a first attempt success rate of 
74%. In our study, the mean duration to visualise the 
vocal cords was 12.02 ± 4.34 s [Table 3] (less than half 
a minute) which was lower compared to the findings 
of Markova et  al.,[1] where the median duration to 
achieve the glottic view was 19 s. The lower success 
rate while using the channelled KVVL appears to be 
due to its thicker cross section making it more difficult 
to introduce into the mouth. The monitor of KVVL 
needs to be detached from its blade at the time of 
introduction into the mouth and the preloaded ETT is 
known to impinge on the right arytenoids and requires 
manoeuvres to negotiate the ETT into the glottis.

There were no failures in our study. Two  (13.3%) 
patients required second attempt for intubation, and 
in them, repetition of topicalisation with the MADgic 
atomiser was done. Markova et  al.[1] encountered 
a failure rate of 8% with KVVL and Kramer et  al.[14] 
had failure of attempts in two patients with C-MAC  
D‑blade, due to gag reflex. It has been highlighted that 
for awake VL intubation, adequate topical anaesthesia 
is critical. Lack of familiarity with VL is also cited as 
another important reason for failure to intubate.[13]

Studies where VL has been used either alone or 
compared with FOB in difficult airways[1,13,15‑17] show 
a high degree of heterogeneity in the total intubation 
time for ATI using VL, accentuating the need for a 
more consistent generalisable approach.

Preoperative administration of dexmedetomidine and 
fentanyl induced appropriate level of sedation with 
the score of  ≤3 without compromising the airway. 
This relieved anxiety, made the patients cooperative 
enough to allow awake intubation. It has been shown 
that dexmedetomidine provided better and safe 
intubating conditions than fentanyl‑midazolam during 
FOB guided ATI with lesser haemodynamic variations, 
more favourable cough score and comparable sedation 
scores.[18,19]

The mean duration of topicalisation  (time of 
topicalisation to the time of laryngoscopy) was 
6.57 ± 2.4 min in our study. This corroborates with 
the fact that the onset of lidocaine topicalisation starts 
within 5 min.[9] Further studies need to establish the 
significance of this duration along with comparison 
between different local anaesthetics as well as different 
techniques of topicalisation.

The median VAS was 90 for both, the anaesthesiologist’s 
ease of the procedure and  the patient’s experience, 
indicating high levels of acceptance for the ATI. In 
the study by Mendonca et  al.,[20] FOB guided awake 
intubation was compared with ATI using Pentax 
AWS VL in patients with anticipated difficult 
airway, wherein the anaesthesiologist’s impression 
of the ease of procedure for VL, on VAS was 
87 (61‑100) [mean (range)] and the patient’s reported 
comfort was 79 (59‑100). In our study, adequate level 
of sedation and adequate topical anaesthesia made the 
patients comfortable. Also there was some amount 
of difficulty in breathing in these patients due to 
laryngeal mass obstructing the airway. Moving the 
tube into the trachea under VL guidance might have 
relieved the obstruction and made it easier for the 
patient to breathe. This seemed to increase the patient’s 
acceptance of the whole procedure of intubation.

Minimal cough and high acceptance of the ATI 
diminished the potential for mucosal injury while 
suctioning the secretions in the patients in the 
current study. VL enables clear visualisation and 
effective suction of secretions from the area under 
observation.[1] In the randomised controlled trial by 
Kramer et al.,[14] ATI was done either with C‑MAC VL 
D‑blade or FOB guided nasal intubation. They reported 
slight nasopharyngeal haemorrhage in 9 of 50 patients 
in the C‑MAC D‑blade group, which required no 
intervention. The McGrath VL and C‑MAC D‑blade 
have been reported to have the highest success and 
lowest tissue trauma rates, this being attributed to the 
blade design.[21]

The limitation of our study is its small sample 
size. All the procedures were carried out by an 
experienced anaesthesiologist. More trials can be 
carried out in the future to confirm the superiority 
of awake videolaryngoscopic intubation over FOB 
intubation, as well as the superiority of the C‑MAC 
VL D‑blade over other VLs for safe and effective 
airway management in patients with laryngeal 
tumours.
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CONCLUSION

Awake videolaryngoscopic intubation using C‑MAC 
VL is a safe and effective strategy to control the airway 
in patients with laryngeal tumours. Due to the design, 
the D‑blade offers benefit in awake intubation by 
inflicting minimal/no tissue injury. The technique is 
more comfortable for a conscious but sedated patient.
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INTRODUCTION

Central venous catheterisation is used for central 
venous pressure (CVP) monitoring, fluid resuscitation, 
haemodialysis, securing venous access in cases of 
difficult peripheral venous access and administration 
of irritant drug therapy and parenteral nutrition.[1] CVP 
is an estimate of right atrial (RA) pressure and has been 
used to determine cardiac preload and volume status. 
Incorrect positioning of catheter can lead to fallacious 
readings of CVP and potentially fatal complications 
like cardiac tamponade, atrial and ventricular 
dysrhythmias, tricuspid valve damage, thrombosis, 
and pericardial effusion.[2,3] To minimise the risk of 

complications and accurate CVP monitoring, the tip of 
the central venous catheter (CVC) should ideally lie in 
the superior vena cava (SVC), parallel to its long axis 
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without abutting the vein wall. It has been shown in a 
study that an angle of the CVC tip to vessel wall of >40° 
is more likely to lead to vessel wall perforation.[4,5] The 
junction of SVC and RA is above the level of the 
pericardial reflection, which corresponds closely to 
the level of the carina on a chest X‑ray (CXR).[6,7]

Internal jugular venous (IJV) cannulation is the most 
commonly performed central venous cannulation 
procedure both in the perioperative period and critical 
care settings.[8] Different methods have been advocated 
to guide accurate prediction of optimal depth of 
CVC insertion before or during the procedure. These 
methods vary from simple formulas based on height, 
intra‑atrial electrocardiography (ECG) to sophisticated 
ones like transoesophageal echocardiography.[9] The 
easily applicable method based on height formula, 
however, cannot be applied universally for different 
races and across genders. The primary objective of 
our study was to find the optimal depth of insertion 
of right IJV  (RIJV) catheter by comparing modified 
Peres' height formula[10] and landmark technique using 
distance between puncture site  (PS) and right third 
intercostal space  (RTICS)‑1  cm.[11] We also aimed to 
devise a suitable formula, which can be applied to the 
Indian population.

METHODS

This prospective randomised study was conducted 
in a tertiary care hospital after approval from the 
institutional ethics committee (DMCH/P/2018/26) and 
written informed consent on 400 patients aged 18 years 
and older requiring CVC. The study was conducted 
from January 2018 to March 2019 in accordance with 
the principles of the Declaration of Helsinki. The 
patients were allotted randomly into two groups by 
computer‑generated random numbers maintained 
by a statistician not involved in the study [Figure 1]. 
Allocation sequence was kept in sequential‑sealed–
coded envelopes. In group A, RIJV cannulation was 
done using modified Peres height formula, that is, 
catheter insertion length equal to patient’s height in 
cm/10–2, while in group B, insertion length was kept 
at 1 cm distance less than that measured between 
PS taken at the level of the cricoid cartilage to right 
third intercostal space, that is, (PS‑RTICS)–1 cm. The 
distance from PS to RTICS was measured using a 
sterile flexible metallic scale. Patients with infection, 
burns, or trauma at PS, coagulopathy, thrombosis of 
the RIJV, and history of CVC insertion previously on 
the same side were excluded from the study.

Demographic profile including gender, length (in 
centimetres), and weight (in kilograms) was recorded.

Standard multiparameter monitoring with ECG, heart 
rate, noninvasive blood pressure and pulse oximetry 
was done. An anaesthesiologist, experienced in CVC 
placement performed the procedure on a supine 
patient with arms by the side and head turned 45° to 
the left side. After sterile preparation, an ultrasound 
probe (Colour Doppler ultrasound machine Sonosite) 
covered with ultrasonic gel and wrapped in a sterile 
sheath, was placed at the level of cricoid cartilage 

and then moved laterally.[12] After infiltration with 
2  mL of 2% xylocaine, the RIJV was cannulated by 
modified Seldinger’s technique. A  7cm 18‑gauge 
needle (Ven X central venous catheter set‑product No. 
CE‑2460) was introduced at an angle of 45° at the level 
of the cricoid cartilage.[11] The J‑tip guidewire 45cm, 
0.88  mm diameter was advanced into the vein and 
was confirmed by sonography. Depending on group 
allocation, a 16cm 7 Fr triple lumen catheter was 
inserted.

Any procedural or postprocedure complications 
were noted. Post‑inspiratory CXR was done in 
supine position with the head held in the neutral 
position and read by a radiologist who was aware of 
the study protocol, but blinded to group allocation. 
The carina and catheter tip were identified and the 
distance between them was measured using picture 
archiving communication system [Figure  2]. The 
optimal distance between the catheter tips to 
the carina was calculated by adding the distance 

Figure  1: Consolidated Standards of Reporting trials (CONSORT) 
diagram
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between catheter tip and carina if the tip was 
proximal to carina and by subtracting the distance 
between catheter tip and carina if the tip was distal 
to the carina. Patients with coiling or catheter 
malposition were excluded.

Normally distributed quantitative data are presented 
as means ± standard deviations. Correlations between 
quantitative data are presented with the Pearson’s 
correlation coefficient (r). The t test was used to test 
the significance of the correlation and regression 
coefficients. The F test was used to test the significance 
of the regression equation. A P <.05 was considered 
statistically significant for the correlation and 
regression coefficients.

Power analysis was conducted using the software 
package, G*Power version 3.1.9.2 (Franz Faul, 
university kiel, Germany). The alpha level used for 
this analysis was P<.05 and beta was 0.20. Based on 
a previous report by Joshi et  al.,[10] using the length 
of CVC insertion as the primary outcome, with a 
difference of 3.64 and an effect size of 3.93, under the 
assumption of a 2‑sided α error of 0.05 and a power of 
80%, the required number of patients for each group 
was calculated to be 200 patients.

RESULTS

The 2 groups were comparable as regards height, 
weight, and body mass index. The mean length of 
catheter insertion was 15.18 ± 0.73 cm in group A 
versus 14.12  ±  0.85  cm in group  B  (P =0.001). 
The mean distance of catheter tip distal to carina 
by using landmark technique was 0.20  ±  1.18  cm 
compared with 2.41 ± 0.85 cm using modified Peres' 
formula (P =0.001, Table 1). Based on data obtained 
and using height as the predictor in relation with 
CVC length, the regression equation for describing 
height‑based formula derived was 3.7 + 0.68 × 
(height/10, P =.001).

The two groups were compared for optimal positioning 
of CVC. In group A, none of the patients had a properly 
positioned CVC, with 98.5% patients having an over 
inserted CVC. In group  B, over insertion was found 
in 51% patients and under insertion in 42% [Table 2].
The CVC was malpositioned in 6 and 5  patients in 
groups A and B, respectively. When applying Pearson’s 
correlation for optimal catheter length insertion with 
the actual insertion length, we found a fair correlation 
with values of r  =  0.446, N  =  194 in group  A and 
r = 0.390, N = 196 in group B (P =0.001).

We separately compared heights of males and 
females in both the groups. In females, in group  A, 
length of catheter insertion was 14.38  ±  0.34  cm 
compared with 13.57  ±  0.77  cm in group  B  (P 
=0.001). The mean distance of catheter tip that was 
distal to the carina was significantly less in group B 
as compared with group  A  (0.15  ±  1.25  cm versus 
2.29  ±  1.06  cm; P  =0.001). Similarly, in males, the 
mean length of catheter insertion was significantly 
more; 15.67  ±  0.41  cm in group  A compared with 
and 14.53  ±  0.67  cm in group  B  (P =.001). Again, 
the mean distance of catheter tip distal to carina 
was significantly less in group  B compared with 
group  A  (0.24  ±  1.14  cm versus 2.47  ±  0.69  cm; 
P = 0.001; Table 3).

Figure 2: Post procedure CXR showing catheter tip. Line A: At the 
level of carina. Line B: At the level of the catheter tip

Table 1: Correlations between demographic profile, length of CVC and the distance from the carina
Group A Group B t/Z P 95% Confidence interval of the difference

Mean SD Mean SD Lower Upper
Height (cm) 171.98 7.32 171.51 6.88 0.662 0.508 −0.93 1.87
Weight (kg) 76.94 13.86 76.95 12.75 −0.004 0.997 −2.62 2.61
BMI 25.99 4.31 26.10 3.74 −0.281 0.779 −0.91 0.68
Length (cm) 15.18 0.73 14.12 0.85 13.300 0.001 0.90 1.22
Distance of catheter tip from carina (cm) −2.41 0.85 −0.20 1.18 −21.117 0.001 −2.41 −2.00
CVC=central venous catheter, SD=standard deviation, BMI=body mass index. P<.05 (significant) 
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DISCUSSION

In our study, landmark formula was found to be better 
than modified Peres' formula, for optimal depth of 
insertion of RIJV catheters. The mean length of catheter 
insertion was 15.18 ± 0.73 cm in height‑based group 
versus 14.12 ± 0.85 cm in landmark group.Patients in 
height‑based formula method had an over‑insertion 
of 2.41  ±  0.85cm compared with 0.2  ±  1.18cm in 
landmark group. Using the regression equation, we 
found that when using height‑based formula, RIJV 
catheters should not be inserted deeper than height in 
cm/10‑4 in the Indian population.

The ideal location of the CVC tip should be in the 
SVC, parallel to its long axis and above the level 
of pericardial reflection, that is, the junction of 
SVC and right atrium  (RA). The level of carina has 
been shown to be close  (1.5 ± 0.7 cm cephalad) to 
the level SVC‑RA junction.[7,13] It is easy to identify 
carina even in a poor quality anteroposterior CXR 
and its location is preserved even in pulmonary 
pathology.[11,14] A limited parallax effect and a smaller 
sagittal distance between carina and SVC also add to 
the advantage.[15,16]

Various methods such as anatomical 
landmarks,[11,17] periprocedural intra‑atrial ECG and 
echocardiography[10] and use of various formulae[18,19] 
have been tried to ensure correct placement of 
the CVC tip. There have been studies that have 
used chest computed tomography  (CT) or invasive 
methods like intra‑atrial ECG and transoesophageal 
echocardiography to determine the catheter tip 

position of IJV catheters.[15,19] However, in a study by 
Schummer et al.,[16] the SVC‑RA junction could not be 
located accurately using intra‑atrial ECG.

A malpositioned CVC can lead to catheter malfunction 
like incorrect CVP readings and complications 
like malignant atrial and ventricular arrhythmias, 
perforation of the cava, atrial or ventricular wall 
damage, cardiac tamponade, mediastinal haemorrhage  
and pneumothorax and so on.[2,6] The incidence of 
these complications is 6.2% to 11.8%. The patient 
safety can be improved by correct placement of tip 
of the CVC by using ultrasound and by predicting 
the ideal length of insertion.[20,21] Various methods 
have been suggested to estimate the expected length 
of CVC at the time of insertion. Peres did a study on 
the Australian population for correct positioning 
of CVC and utilised patient’s height for developing 
a formula.[18] To avoid CVC placement in RA, he 
recommended that right infraclavicular subclavian 
catheters be inserted to (height/10)‑2 cm, right internal 
or external jugular catheters to height/10 cm and left 
external jugular catheters to (height/10) +4 cm. In a 
study by Kim et al.,[19] on the Korean population, Peres' 
formula was compared with the distance between the 
CVC insertion point and the SVC/RA junction that 
was measured using CT of the chest. For RIJV catheter, 
an accuracy of 75% was found with Peres' formula 
compared with 88.6% when using CT‑recommended 
depth.

Czepizak, in his study on the Caucasian race, used 
Peres' formula and confirmed the CVC tip position 
on CXR. Although there was 90% accuracy for RIJV 
catheters, it was suggested that by modifying the 
formula to (height/10)‑1 cm, accuracy could be further 
improved.[4] However, in a study on Indian subjects, 
Joshi et al.[10] found an accuracy rate of 28% when Peres' 
formula was compared with intra‑atrial ECG‑guided 
placement. They recommended a modification of 
Peres' formula as: height/10‑2 cm for optimal CVC tip 
placement.

Table 2: Position of central venous catheter
Position of central 
venous catheter

Group A (n=194) Group B (n=195)

Over insertion 191 98.45% 100 51.28%
Under insertion 3 1.54% 82 42.05%
Properly positioned 0 0% 13 6.66%
Malposition 6 − 5 −

Table 3: Mean distance of catheter tip from carina
Group A Group B Z P 95% Confidence interval of the difference

Mean SD Mean SD Lower Upper
Female

Length (cm) 14.38 0.34 13.57 0.77 8.455 0.001 0.62 1.00
Distance of catheter tip from carina (cm) −2.29 1.06 −0.15 1.25 −11.522 0.001 −2.51 −1.78

Male
Length (cm) 15.67 0.41 14.53 0.67 16.132 0.001 1.00 1.28
Distance of catheter tip from carina (cm) −2.47 0.69 −0.23 1.14 −18.303 0.001 −2.48 −2.00

SD=standard deviation. P<.05 (significant) 
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We compared this modified Peres' height formula with 
topographic landmark technique.The varied results 
from different studies could be due to anthropometric 
differences (especially height) between each race and 
population.

RTICS was used as an external landmark by Kim 
et al.[11] to determine the optimal insertion depth 
of CVC inserted in RIJV in children. The landmarks 
used were apex of the muscular triangle formed by the 
sternal and clavicular heads of the sternocleidomastoid 
muscle and the RTICS. They measured the distance 
between skin puncture and intercostal space (SK‑ICS). 
In 43% cases, CVC tip was located within 0.5cm of 
the SVC‑RA junction, in 36% cases, 0.5cm above the 
SVC/RA junction and in the remaining 20%, 0.5cm 
below it. They postulated a formula for optimal depth 
of CVC insertion; SK‑ICS  (cm)‑1 and predicted that 
using this formula, CVC tip would lie above RA in 
98.8% of patients.[10] We used this in our study for CVC 
placement by landmark technique.

Site of insertion, patient’s height and body habitus 
are some of the important factors, which influence 
the insertion length of CVC. Age does not influence 
the length of CVC insertion once physical growth 
stops after adulthood. The average age of patients 
in our study was comparable in both the groups. 
Though there were more males than females in both 
the groups, their distribution across the groups was 
comparable. In a study by Lum, the accuracy of CVC 
depth prediction using a formula based on height was 
also not affected by gender.[22]

In a study by Ezri et al.,[17] CVC length was calculated 
topographically by using thyroid notch and the 
manubrium sterni as landmarks.This was compared 
with a fixed insertion length of 15cm. None of the 
patients had the tip of CVC in the RA in the topographic 
method. Jayaraman et al.[23] in a study on 60 patients, 
placed the CVC to a length, measured by adding the 
vertical distance between the right clavicular notch 
and the carina on preprocedure CXR to the distance 
between the insertion point and the right clavicular 
notch. They found a 93.3% accuracy of optimal CVC 
placement.

Barnwal et al.,[24] used the landmark technique in 
paediatric patients using three points marked on the 
patient’s skin. On comparing landmark technique 
with intra‑atrial ECG technique, the latter was found 
to be more accurate. These varied results in previous 

studies compared to our study could be due to the 
different landmarks used.

In our study, patients in height‑based formula method 
had an over insertion of 2.41  ±  0.85 cm compared 
with 0.2 ± 1.18 cm in the landmark group. In group A, 
none of the patients had a properly positioned CVC, 
and in group  B, only 13 were properly placed, and 
thus both the methods have poor prediction ability. 
Landmark CVC insertion method offers the advantage 
of considering the inter‑individual anatomic variability 
and thus, enables matching the CVC insertion length 
to each patient according to the anatomy. By using 
an insertion formula that takes into account only the 
patient’s height, there are chances for intra‑cardiac 
placement in a shorter patient.

The strength of our study lies in the fact that 
our suggested modified formula can be used in 
emergency situations or when equipment like ECG 
adaptor, preoperative CXR and transoesophageal 
echocardiography and so on, are unavailable.

There are a few limitations of our study.The formula 
used for landmark technique is based on a paediatric 
population‑based study. Also, proper standardisation 
for insertion point was not done in the height‑based 
formula in the study by Joshi et al.[10] The topographic 
method is not necessarily applicable to CVC insertion 
performed through other routes (subclavian vein 
or left‑sided IJV insertion). Another limitation is 
interoperator and interobserver variability. Portable 
chest radiographs are also subject to variability in 
technique, exposure and clarity, which may affect the 
correct measurements.

CONCLUSION

In conclusion, we found that both techniques, that is, 
landmark based and modified Peres' height formula 
have poor accuracy; however, landmark technique is 
better for ideal placement of the CVC tip in the RIJV. 
When using height‑based formula, we recommend 
inserting RIJV catheters no deeper than height in 
cm/10–4, in the Indian population.
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INTRODUCTION

Weaning mechanically ventilated patients in the 
intensive care unit  (ICU) is a challenging task for 
anaesthesiologists. About 20% of ventilated patients 
have difficulty in weaning.[1] The diaphragm is the 
primary muscle involved in active inspiration and 
its dysfunction leads to inadequate coughing and 
respiratory failure.

Most patients are weaned based on their subjective 
clinical assessment by the intensivist and this can 
lead to mis‑judgements at times. Numerous objective 
measurements and indices such as minute ventilation, 
rapid shallow breathing index  (RSBI), tracheal 

occlusion pressure 0.1 and the CROP  (Compliance, 
Rate, Oxygenation, Pressure) index have been 
introduced to improve weaning success, but have 
their own limitations.[2] RSBI has gained the most 
popularity and various studies have demonstrated 

Original Article

Ravi Saravanan, Krishnamurthy Nivedita, Krishnamoorthy Karthik, 
Rajagopalan Venkatraman
Department of Anaesthesiology, SRM Medical College Hospital and Research Institute, Potheri, Chennai, 
Tamil Nadu, India

Role of diaphragm ultrasound in weaning 
mechanically ventilated patients: A prospective 
observational study

ABSTRACT

Background and Aims: Weaning from mechanical ventilation based on clinical parameters 
and rapid shallow breathing index (RSBI) is associated with a higher weaning failure. Bedside 
ultrasound of the diaphragm is gaining popularity to assess the diaphragm function.The aim 
of our study was to determine the use of diaphragm ultrasound in weaning ventilated patients. 
Methods: This prospective study was done on 200 adult patients on mechanical ventilation for 
more than 24 h. After meeting the clinical weaning criteria, a spontaneous breathing trial (SBT) 
was performed. RSBI was recorded and a bedside ultrasound of the diaphragm was performed 
to measure diaphragmatic excursion  (DE) and diaphragm thickening fraction  (DTF) before 
extubation. We assessed the predictability of weaning success of RSBI, DE and DTF by 
determining the area under the receiver operating characteristic (AUROC) curve and Youden’s 
index. The requirement of non‑invasive ventilation or re‑intubation within 48 h was considered a 
weaning failure. Results: Out of the 200 patients studied, 171 were successfully weaned. The 
AUROC values for RSBI, DTF, DE, RSBI‑DTF and RSBI‑DE for successful weaning prediction 
were 0.422, 0.654, 0.809, 0.656 and 0.807, respectively. The predictability using cut‑off values 
were DE >1.21 cm (sensitivity 94%, specificity 71%, Youden’s index 0.65), DTF >37% (sensitivity 
80%, specificity 52%, Youden’s index 0.31) and RSBI  <82  (sensitivity 94%, specificity 31%, 
Youden’s index 0.25). Conclusion: Diaphragm ultrasound helps in predicting successful weaning 
in mechanically ventilated patients. Both DE and DTF showed a higher specificity than RSBI and 
a combination of RSBI‑DE and RSBI‑DTF was better than using RSBI alone.

Key words: Diaphragm, extubation, mechanical ventilation, ultrasonography, weaning

Access this article online

Website: www.ijaweb.org

DOI: 10.4103/ija.ija_229_22

Quick response code

How to cite this article: Saravanan R, Nivedita K, Karthik K, 
Venkatraman R. Role of diaphragm ultrasound in weaning mechanically 
ventilated patients: A prospective observational study. Indian J 
Anaesth 2022;66:591-8.

This is an open access journal, and articles are distributed under the terms of 
the Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, 
which allows others to remix, tweak, and build upon the work non‑commercially, 
as long as appropriate credit is given and the new creations are licensed under 
the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

Page no. 53



Saravanan, et al.: Diaphragm ultrasound in ventilator weaning

592 Indian Journal of Anaesthesia | Volume 66 | Issue 8 | August 2022

RSBI’s usefulness in weaning; however, the suggested 
cut‑off values differ amongst these studies and a few 
concluded that RSBI is an inefficient tool in weaning 
ventilated patients.[3‑8]

The tools that can assess the diaphragm function 
such as fluoroscopy, phrenic nerve conduction study 
and trans‑diaphragmatic pressure measurements are 
limited by technical difficulty, unavailability and by 
being expensive.[9] Diaphragm ultrasound has been 
employed in the assessment of diaphragm dysfunction 
following interscalene blocks.[10,11] Imaging the 
diaphragm with ultrasound can be done either by 
measuring the excursion of the diaphragm (DE) or by 
measuring the contractility of the diaphragm muscle by 
diaphragm thickening fraction (DTF).[12] DE more than 
1.2 cm and DTF more than 36% were found to predict 
successful weaning in previous studies.[13,14] The 
cut‑off values, the area under the receiver operating 
characteristic  (AUROC) curve values, and sensitivity 
and specificity values of the ultrasound‑derived 
diaphragm parameters (DE and DTF), however, differ 
among the studies.

We hypothesised that the parameters derived from 
the ultrasound of the diaphragm, DE and DTF are 
likely to predict the weaning better than RSBI in 
predicting weaning success. The primary objective of 
our study was to determine the diagnostic accuracy 
of DTF and DE in predicting weaning success. The 
secondary objectives were to correlate RSBI with 
ultrasound‑derived diaphragm parameters  (DTF and 
DE) and also determine the accuracy of combining 
RSBI with DTF or DE in predicting successful weaning.

METHODS

This was a prospective, observational cohort study 
conducted in the intensive care unit (ICU) of a tertiary 
care hospital. The institutional ethics committee 
approval  (IEC no.  1889/IEC/2019) was obtained, and 
the study was commenced after registration in the 
Clinical Trials Registry  (CTRI/2020/06/025743). The 
study was conducted following the guidelines of the 
Declaration of Helsinki.

In total, 200 consecutive mechanically ventilated adult 
patients in the ICU were enroled in the study from July 
2020 to August 2021. The written, informed consent 
was obtained from the immediate blood relatives of 
the patients. Patients in the age group between 18 and 
60  years with normal performance status before the 

disease onset (pre‑illness frailty score less than 3), who 
were mechanically ventilated for at least 24 h and with 
satisfactory clinical weaning parameters such as the 
ability to tolerate a spontaneous breathing trial (SBT) 
for 1  h, stable haemodynamics without inotropic 
support, conscious and oriented, displayed an absence 
of fever in the last 24 h, had minimal tracheobronchial 
secretions and effective cough response were 
included.[15] Patients with neuromuscular disorders, 
pneumothorax, pre‑existing diaphragmatic palsy, 
tracheostomised, and those who underwent thoracic 
and abdominal surgeries were excluded from the study.

This was an observer‑blinded study with the ultrasound 
being done by a single independent anaesthesiologist 
who had more than 10  years of experience with 
ultrasound. The intensivist performing the extubation 
was not aware of the ultrasound findings as well as 
RSBI, which was calculated by another independent 
anaesthesiologist and hence, the decision‑making on 
extubation was not influenced.

The patients who were on mechanical ventilation for 
more than 24 h and the underlying cause resolved, were 
subjectively assessed for the readiness of weaning by 
the primary anaesthesiologist in the ICU. They were 
weaned based on the clinical criteria, which included 
adequate mentation (Glasgow coma scale [GCS] score 
of 10T/15), stable haemodynamics  (mean arterial 
pressure 60–110 mm Hg and pulse rate 60–100 beats 
per minute), adequate spontaneous ventilation  (tidal 
volume (VT) >8mL/kg, respiratory rate (RR) <20/min), 
adequate muscle strength  (sustained head lift for 
30 s and handgrip), Visual Analogue Scale (VAS) pain 
scores  <3 and satisfactory arterial blood gas  (ABG) 
reports. At the end of 1 h of SBT, RSBI was calculated 
from the equation RSBI = f/VT (f = RR in breaths per 
minute and VT = average tidal volume in litres with 
no or minimal support of 5cm H2O) before extubation 
by a second anaesthesiologist, and this value did not 
affect the decision of extubation.

Before extubating the patient, another experienced 
anaesthesiologist performed the bedside ultrasound of 
the diaphragm with a GE LogiQ machine, China. The 
patients were placed in a semi‑recumbent position at 
an angle of 45°. A low‑frequency 3–5 MHz curvilinear 
transducer was placed in the right subcostal margin 
in B‑mode and tilted cranially to visualise the dome 
of the diaphragm. The patient was asked to take a 
breath from the residual volume  (RV) to the total 
lung capacity  (TLC) and then exhale back to the 
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RV  (i.e.  maximal exhalation followed by a maximal 
inhalation and then maximal exhalation). The 
excursion of the diaphragm was measured in M‑mode, 
and the maximum displacement from the baseline 
was taken as DE in centimetres  [Figure  1a]. The 
paradoxical movement of the diaphragm was ruled out 
at the commencement. We performed an ultrasound 
examination of the right hemidiaphragm in all patients 
because of a better hepatic acoustic window.

A high‑frequency 8–13 MHz probe was placed 
between the anterior and mid‑axillary line on the 
right side at the level of the eighth or ninth intercostal 
spaces to visualise the diaphragm muscle and the 
zone of apposition of the diaphragm with the pleura. 
The diaphragm muscle was visualised as a band with 
the pleural lining cranially and the peritoneal lining 
caudally. The thickness of the diaphragm at maximum 
inspiration  (TDmax) and maximum expiration  (TDmin) 
was measured in M‑mode  [Figure  1b].The DTF was 
then calculated using the formula

[DTF = (TDmax − TDmin)/TDmin × 100]

and expressed as a percentage.

Successful weaning was defined as the ability of the 
patient to tolerate spontaneous breathing for at least 
48 h. Weaning failure was defined as the requirement of 
non‑invasive mechanical ventilation or re‑intubation 
within 48 h of extubation.

The sample size was calculated based on a previous 
study by Pirompanich et al.[16] considering the 
predictability of DTF, which was our primary objective 
in this study with 90% study power and 5% type I error. 
Finally, 200 patients were included in the study. Data 
were entered in the MS‑Excel spreadsheet (2019) and 
analysed using the Statistical Package for the Social 
Sciences version 22 (trial version). Parameters such as 
RSBI, DE and DTF are represented as mean ± standard 
deviation  (SD), median, inter‑quartile range  (IQR) 
and range values. The Kruskal–Wallis test was used 
to determine the significance of RSBI, DTF and DE 
as indicative parameters. A two‑tailed P value of less 
than 0.05 was considered statistically significant, and 
less than 0.001 was considered highly significant.

Sensitivity, specificity, positive and negative 
predictive values and the Youden’s index for RSBI, 
DTF and DE as weaning prediction indicators were 
calculated. Receiver operating characteristic  (ROC) 
curve analysis was performed, and the AUROC was 
calculated to assess the abilities of RSBI, DTF and DE 
as well as the RSBI‑DE and RSBI‑DTF combinations to 
predict weaning success. The cut‑off point for all three 
parameters was chosen as the point that maximised 
Youden’s index  (Jmax) because this provided the 
optimal trade‑off between sensitivity and specificity. 
The coefficient of determination (R‑squared) was used 
as a measure of the strength of correlation between 
different variables.

Figure 1: (a) Left: Placement of 3.5–5MHz probe in the right hypochondriac region. Right: Visualisation in B‑mode and use of M‑mode to measure 
DE in centimetres. (b) Left: Placement of 8–13 MHz probe at the eighth or ninth intercostal space between the anterior axillary and mid‑axillary 
line. Right: Visualisation in B‑mode and use of M‑mode to measure DTF

b

a
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RESULTS

Out of the 200  patients studied, extubation was 
successful in 171 patients. Weaning failure occurred 
in 29  patients, of which 16  patients required 
non‑invasive ventilation and re‑intubation was 
done in 13  patients. We included patients with 
various medical conditions, head injuries as well 
as postsurgical patients in this study. There was no 
statistically significant difference in age, gender, body 
mass index (BMI), pre‑illness frailty scores, duration 
of mechanical ventilation, clinical and laboratory 
parameters between the patients in the successful and 
failed weaning groups [Table 1].

The AUROC values obtained were 0.42, 0.81 and 0.66 
for RSBI, DE and DTF, respectively. Similar work was 
done for the RSBI‑DTF and RSBI‑DE combinations as 
well  [Figure  2]. The sensitivity, specificity, positive 
predictive value and negative predictive value of 
each weaning indicator were calculated  [Table  2]. 
Combining RSBI with DTF was found to significantly 
improve the accuracy of RSBI than when RSBI 
was used as a standalone parameter. The RSBI‑DE 
combination was found to be better than the RSBI‑DTF 
combination. However, it was noted that the RSBI‑DE 

Figure 2: ROC Curves and AUROC values for DE, DTF, RSBI, RSBI‑DTF and RSBI‑DE. DE – Diaphragmatic excursion, DTF – Diaphragm 
thickening fraction, RSBI – Rapid shallow breathing index, AUROC – Area under receiver operator characteristic curve

or RSBI‑DTF combination did not alter the weaning 
prediction much when compared with DE or DTF as a 
standalone parameter.

The parameter concentration analysis is an effective 
visual tool to identify the visible cluster differences 
in weaning success and failure outcomes. It can be 
visualised from the chart that most failed weaning 
outcomes had occurred below the DE cut‑off value 
of 1.21 cm but there were no such clear cut‑off value 
conclusions regarding DTF or RSBI. Moreover, the 
range overlap between failed and successful weaning 
outcomes for RSBI was very high based on the RSBI 
concentration cluster [Figure 3].

The correlation charts between RSBI and 
diaphragm‑derived parameters  (DE and DTF) 
were done post‑hoc for RSBI against the other two 
parameters [Figure  4]. A  statistically significant 
difference was reported between RSBI and DTF 
values (P‑value  =  0.024) with a correlation 
coefficient (ρ) of −0.156. However, the coefficient 
of determination value  (R‑squared) was very low 
and hence no linear dependence was established 
between RSBI and DTF. In the case of RSBI and DE, 
the correlation coefficient ρ was  −0.06 and there 
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Table 1: Demographic data and comparison of RSBI, DTF and DE values in successful and failed weaning groups
Parameters Weaning 

Success (n=171)
Weaning 

Failure (n=29)
P value

Gender (N/%)
Female 55/27 13/7 NS
Male 116/58 16/8 NS

Mean±SD Median (IQR) Mean±SD Median (IQR)
Age (years) 49±8.98 52 (46-56) 48±10 51 (46-57) NS
Baseline pulse rate 80±6.69 80 (76.5-85) 79±7.89 78 (76-80) NS
Baseline systolic blood pressure 124±8.1 124 (120-130) 121±9.87 120 (114-130) NS
Baseline diastolic blood pressure 76±7.11 76 (70-80) 77±5.91 78 (72-80) NS
Baseline respiratory rate 15±2.33 15 (14-16) 15±3.54 14 (14-16) NS
Baseline oxygen saturation 99±0.4 99 (98-99) 99±0.8 99 (98-100) NS
Pre‑illness frailty score 1.6±0.72 2 (1-3) 1.3±0.61 2 (1-3) NS
P/F Ratio 399±35.74 400 (400-420) 401±26.08 400 (400-420) NS
BMI (Mean±SD, kg/m2) 25.32±5.73 26 (20-35) 26.71±4.05 27 (21-34) NS
Electrolytes (Mean±SD)

Sodium (mmol/l) 139.34±7.22 139 (136-144) 138.93±7.38 139 (135-145) NS
Potassium (mmol/l) 3.87±0.69 3.8 (3.6-4.4) 3.61±0.49 3.7 (3.5-4.3) NS
Urea (g/dl) 18.68±8.83 17 (16-25) 21.05±6.82 19 (17-24) NS
Creatinine (g/dl) 0.81±0.66 0.7 (0.6-0.9) 0.86±0.53 0.7 (0.6-1.0) NS
Duration of ventilation (h) 51±37.18 48 (35-48) 43±14.87 42 (28-48) NS
RSBI 52.853±19.995 52.00 (40.00-65.00) 59.630±25.061 60.00 (41.15-85.00) 0.405 (NS)
DTF (%) 54.288±19.202 55.00 (39.00-64.00) 43.578±20.718 37.00 (27.25-62.00) 0.019
DE (cm) 1.933±0.682 1.73 (1.56-2.20) 1.215±0.662 1.12 (0.78-1.52) <0.001

Case distribution based on 
underlying aetiology (N/%)

Poisoning 31 (16%) 4 (2%) NS
Acute pulmonary oedema 18 (9%) 2 (1%) NS
Chronic kidney disease 13 (7%) 3 (2%) NS
Acute exacerbation of COPD 11 (6%) 1 (1%) NS
Others 106 (53%) 11 (6%) NS

N – number, BMI – Body mass index, P/F – PaO2/FiO2, SD – Standard deviation,IQR – Inter-quartile range, NS – Not significant, RSBI – Rapid shallow breathing 
index, DTF – Diaphragm thickening fraction, DE – Diaphragmatic excursion, COPD – Chronic obstructive pulmonary disease

Table 2: Sensitivity, specificity, positive predictive value and negative predictive value for each parameter in predicting 
weaning success

Parameter Cut off range Sensitivity % Specificity % PPV % NPV % Youden’s index AUROC
RSBI <82 94.0 31.0 89.0 45.0 0.25 0.422
DTF (%) >37% 79.5 51.7 90.7 30.0 0.31 0.654
DE (cm) >1.21 93.6 71.4 95.2 64.5 0.65 0.809
RSBI‑DTF >0.854 66.7 69.0 92.7 26.0 0.36 0.656
RSBI‑DE >0.738 93.0 71.4 95.2 62.5 0.64 0.807
RSBI – Rapid shallow breathing index, DTF – Diaphragm thickening fraction, DE – Diaphragmatic excursion, PPV – Positive predictive value, NPV – Negative 
predictive value, AUROC – Area under receiver operator characteristic curve

was no observed statistically significant correlation 
(P‑value = 0.39).

DISCUSSION

The use of point of care ultrasound (POCUS) as a bedside 
tool has gained popularity among anaesthesiologists 
and intensivists.[16] Apart from clinical assessment 
of weaning patients from mechanical ventilation 
and blood investigations including ABG analysis, 
intensivists regularly perform lung ultrasound and 
cardiac evaluation. Diaphragm ultrasound has been 

used for the assessment of diaphragm dysfunction 
following interscalene blocks and cervical spine 
injuries. The extended use of ultrasound in assessing 
the diaphragm function will help predict the weaning 
success with more accuracy.

DE  measured by ultrasound was found to be a 
predictable and dynamic weaning parameter in our 
study, having an AUROC of 0.81 with a cut‑off value of 
1.21 cm. The sensitivity (93.6%) and specificity (73.4%) 
were also found to be better than both RSBI and DTF. 
Hayat et  al.[13] also observed similar results for DE 
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with 74% sensitivity and 71% specificity when a 
cut‑off value of 1.2cm was considered. In a pilot study 
on 20  patients by Ramakrishnan et  al.,[17] a higher 
AUROC of 0.92 was obtained for DE compared to an 
AUROC of 0.58 for RSBI. Unlike our research, RSBI 
was considered a weaning parameter and patients 
with RSBI more than 105 were excluded from this 
study. However, DE can be affected by factors such 
as abdominal compliance and muscular activity of 
the rib cage and abdominal wall.[18] Not withstanding 
these confounding factors, DE represents the actual 
diaphragmatic strength, which does not get reduced 
even in chronic obstructive pulmonary disease (COPD) 
patients.[19]  The predictability of DE was found to be 
better in other studies with various cut‑off values.[20‑22] 

Further, the combination of RSBI‑DE in our study 
showed the greatest improvement relative to RSBI as 

a standalone parameter. However, it was noted that 
there was no discernible improvement of the RSBI‑DE 
combination over standalone DE as a weaning indicator.

In this study, the cut‑off range for DTF was 37% with 
a sensitivity of 79.5% and specificity of 51.7%. The 
AUROC for DTF was 0.65, which, though inferior 
to DE, was better than RSBI. In a similar study by 
Ferrari et al.,[14] with a cut‑off value of 36% DTF, the 
sensitivity and specificity were reported to be 82% and 
88%, respectively, with an AUROC of 0.95. However, 
this study was done on a smaller sample size of 
46 patients. In our study, the combination of RSBI‑DTF 
improved the specificity to 69% and Youden’s index 
to 0.36, which was similar to the results reported by 
Pirompanich et al.[16] DTF represents the shortening of 
the diaphragm and is analogous to the ejection fraction 

Figure 3: Parameter concentration analysis chart. RSBI – Rapid shallow breathing index; DTF – Diaphragmatic thickness fraction

Figure 4: Correlation of RSBI with DTF and DE. RSBI – Rapid shallow breathing index, DTF – Diaphragm thickening fraction, DE – Diaphragmatic 
excursion
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of the heart. The weaning predictability of DTF as a 
standalone parameter was demonstrated in various 
other studies.[20,23]

Before the ultrasound era, RSBI was the standard tool 
for assessing weaning, introduced in 1984 by Yang and 
Tobin. With a cut‑off value of 82 in our study, we found 
that the sensitivity and specificity were 94% and 31%, 
respectively. The AUROC was 0.422, which was similar 
to other studies.[24‑26] The lower the cut‑off value, the 
higher the predictability in RSBI. It has the advantage 
of considering the balance between respiratory load 
and effort. However, the compensation by the easily 
fatigable accessory non‑diaphragmatic muscles may 
lead to weaning failure. This was demonstrated in 
various studies and the 2 h RSBI performed better 
than immediately after SBT.[6‑8]

The parameter concentration analysis chart is unique 
to the current study and because we observed 
200  patients, the sample size of the study was 
significantly higher than most other previous works 
and therefore, it generated a densely populated 
parameter concentration chart. The concentration 
of cases with a cut‑off value of 1.21 cm for DE was 
observed from the chart, whereas DTF and RSBI 
exhibited no clear cluster concentration.

In our study, the RSBI‑DTF correlation was found to be 
clinically significant, whereas the RSBI‑DE correlation 
was not. The negative correlation between RSBI and 
diaphragm‑derived parameters was also reported by 
Theerawit et al.[23] There is no statistically significant 
correlation between RSBI and weaning outcomes as 
evident from P  value  (0.405). Hence, combining DE 
with RSBI rather than DTF as an indicator for weaning 
will be ideal as DE is statistically not correlated to RSBI.

The major strengths of our study include a large 
sample size including medical and surgical patients. 
Both DTF and DE were assessed in all patients. 
Because all the measurements were done by a single 
anaesthesiologist, inter‑observer variability was 
avoided. Parameter concentration analysis, accuracy 
and correlation coefficients, wherever applicable, 
were all studied.

Our study has a few limitations. This was a 
single‑centre study involving only adult patients, 
and patients on tracheostomy were excluded. The 
other contemporary parameters such as maximum 
inspiratory pressure  (PImax) and the time to peak 

inspiratory amplitude of the diaphragm (TPIAdia) were 
not studied. There is a scope for future research based 
on these parameters in weaning ventilated patients.

CONCLUSION

DE proved to be the best standalone predictor of 
weaning outcome. DE or DTF alone can better predict 
weaning success than combining with RSBI. However, 
combining RSBI with either of the diaphragm 
ultrasound‑derived techniques (DTF or DE) improved 
the accuracy in predicting weaning outcomes than 
using RSBI alone.
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Negative pressure rooms in 
operating theatres in the midst of 
an airborne pandemic

INTRODUCTION

Understanding the mechanism of transmission of 
the virus causing coronavirus disease  (COVID)‑19 
is the key to designing preventative measures and 
breaking the chain of transmission.The mode of 
transmission is known to be from droplet spread 
(>5 microns), predominantly.[1]Airborne transmission 
is still debatable. The degree of transmission through 
airborne viral particles of aerosol size (<5 microns) is 
quite unclear. National and international guidelines 
recommend airborne precautions, when and 
where aerosol‑generating procedures  (AGP) are 
performed.[2,3] The distinction is important because it 
forms the divide between generic contact and droplet 
precautions, from resource‑intensive engineering 
controls and personal protective equipment  (PPE) 
requirements.[4]

NEGATIVE PRESSURE ROOM AND RESPIRATORY 
ISOLATION

The Australian and New  Zealand Intensive Care 
Society  (ANZICS) outlines a hierarchy of hazard 
controls in terms of the efficacy of exposure prevention, 
which is the fundamental method of protecting health 
care workers.[3] The hierarchy includes five strategies 
starting from PPE and moving through administrative 
control, engineering control, substitution, and 
elimination. Although PPE is the least effective and 
elimination is the most effective method of protection, 
substitution, engineering controls, and administrative 
controls provide an intermediate level of hazard 
control.

Neither elimination nor substitution would work with 
the current hazard in question. Engineering controls, 
by isolating people from the hazard at the source, 
scores the highest in the list of priorities to sustain staff 
protection. Administrative controls and PPE measures 
are adjuncts to the above central measure.

The aim of environmental control in an isolation room 
is to control the airflow, thereby reducing the number 
of airborne infectious particles that may infect others 
within the environment.[5] Engineering controls allow 

the control of the quality and quantity of supply 
and exhaust air, control of the pressure differentials 
across adjoining areas, and control of the dilution of 
infectious particles by increasing the air changes per 
hour and designing patterns of airflow for particular 
clinical purposes. It is imperative to keep regular 
standardised checks and maintenance as needed to 
ensure that the isolation room serves the purpose of 
construction.

Typically, patient care areas can be classified into 
four basic types based on the pressure differential 
across the room. It determines the kind of isolation 
precautions possible in each room.

Negative pressure isolation rooms (Class N) are used 
to care for patients who require airborne droplet 
nuclei isolation. The requirement of a negative 
pressure room is an air handling system that operates 
at a lower pressure with respect to adjacent areas, 
with air exhausted appropriately to prevent air 
recirculation.[5] The risk of utilising these rooms for 
patients other than those with infectious conditions is 
that when the negative air pressure is turned off, it may 
compromise the integrity of the mandatory mechanics 
required for infection prevention and control.

Positive pressure (Class P) rooms are used in operating 
theatres. The intent is to reduce the risk of airborne 
transmission of infection to a susceptible patient. The 
positive pressure air handling system within the room 
operates at a higher pressure (+30 Pa), with respect to 
adjacent rooms or spaces, and the air supply is filtered 
using high‑efficiency particulate air (HEPA) filters.[6]

ANZICS recommends treating COVID‑19  patients 
ideally in a class N room. If these are not available, 
Class  S rooms  (standard room air pressure) would 
be the next best option. The European Society of 
Intensive Care Medicine recommends that all AGP 
on COVID‑19 patients are to be performed in negative 
pressure rooms. The Class  A  (alternating pressure 
isolation) rooms are no longer recommended due 
to the high risk of safety breaches. The Australian 
Health Facility Guidelines of 2016 state that patients 
with airborne transmitted infections should not be 
accommodated in Class  P isolation. This is similar 
to the recommendations by health governance across 
Australia.[7]

As the requirement for respiratory isolation is 
considered ongoing and perennial, acute care areas 
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such as the intensive care unit and the emergency 
department are conventionally equipped with a 
minimum of one Class  N room. However, operating 
theatres are conventionally equipped with positive 
pressure rooms. The benefits of reduced surgical 
infection to the patient, when operating in a positive 
pressure theatre complex, need to be balanced 
against the counter requirements of negative pressure 
rooms when considering staff safety against airborne 
pathogen exposure.[8] AGP can result in higher airborne 
viral loads than under usual conditions. These AGP 
are routinely encountered peri‑operatively.[9] It is 
recommended to turn off the positive pressure system 
in the operating theatre, if possible, with concern 
lying primarily in the potential for contamination of 
any adjacent areas including intermediary anterooms, 
setup rooms and pre‑anaesthetic areas.[10,11]

Temporarily converting positive pressure rooms 
to negative pressure rooms, when the need arises, 
poses practical difficulties and has been explored 
too. Establishing standard compliance with effective 
negative pressure differentials in these units is 
challenging and comes with the added risk of 
utilisation of these rooms for non‑COVID patients. 
A  study performed in Hong Kong following the 
severe acute respiratory syndrome crisis  studied the 
feasibility and efficiency of this process.[11] The study 
reported the problems encountered, airflow design, 
and evaluated the performance of a converted room. 
Quality was assessed using regular air sampling 
checks and computational fluid dynamics. Results 
revealed that it was impossible to make the room 
enclosure totally airtight. The other significant 
problem was a back flow of contaminated air from the 
negative pressure theatre into the anteroom.[11]The 
recommended adequate minimum air changes per 
hour  (ACH) to prevent contamination of adjacent 
areas is >12 ACH.[12]

In preparation for the future and while planning 
major hospital expansions, it would be worthwhile 
to consider incorporating negative pressure operating 
rooms as a part of the theatre complex, which is far 
easier and more cost‑effective to establish and use, 
rather than temporarily transforming theatres into 
negative pressure units when the need arises. With 
increasing globalisation, the frequencies and volume 
of overseas travel are going to increase. Being prepared 
with adequate preventative strategies would go a long 
way in reducing the morbidity and mortality, health 
care burden and the cost incurred.

Actual requirements will depend on the assessment 
of data on health services, baseline infection rate and 
recent trends. Details of engineering requirements 
and services for isolation rooms are available from a 
number of sources.[7]

CONCLUSION

Considering the changing dynamics in microbiology 
and in preparation for the future, it would be 
worthwhile to incorporate negative pressure rooms 
into the floor plans, for operating room expansions or 
construction. Although well‑structured staff training 
programmes, suitable cognitive aids and appropriate 
PPE with strict hand hygiene are an integral part of 
infection prevention at the individual level, airborne 
precautions and respiratory isolation are imperative 
in managing COVID‑19 patients or any other airborne 
infections safely in the future.
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A multicentric prospective 
study on clear plastic drape 
versus acrylic box during 
airway management of 
COVID‑19 patients

INTRODUCTION

Health-care workers (HCWs), especially anaesthe 
siologists, are at a high risk of contracting coronavirus 
disease (COVID)-19 as they are involved in aerosol-
generating procedures (AGPs). Hence, innovations in 
new protective barrier enclosures are laudable.[1]

The advisory and position statement of the Indian 
Society of Anaesthesiologists has mentioned important 
points including the use of protective barrier enclosures 
for airway management in COVID‑19‑positive/ 
suspected patients.[2] The HCWs are at a higher risk  
risk because of the exposure to AGPs.[3]

AGPs include intubation, extubation, cardiopulmonary 
resuscitation, and ventilation through supraglottic 
airway devices, and transmission of virus‑loaded 
droplets can occur through a facemask, contaminated 
surfaces, and personnel.[4]

Two types of barrier devices, that is, acrylic boxes and 
clear plastic drapes are used for protection during 
intubation. We decided to conduct a study to find 
the appropriate barrier device.This study aimed to 
find which technique (acrylic box or plastic drape) 
is better and safer for HCWs while intubating a 
COVID‑19  patient to reduce the incidence and risk 
among the HCWs. The objectives were to compare the 
participants’ opinion parameters on the protection of 
HCWs using the two barrier devices.

METHODS

This multicentric randomised trial was carried out 
at three tertiary care hospitals from July 2020 to 
August 2021. The trial was registered at the Clinical 
Trial Registry of India (CTRI/2020/08/027081) after 
obtaining institutional ethics committee approval 
(GCSMC/EC/PROJ/APPROVE/2020/155).

Inclusion criteria were patients with COVID‑19 
positivity confirmed by reverse transcription‑ 

polymerase chain reaction (RT‑PCR) report, approval 
of informed consent, age >15  years and<90 years,  
tachypnoea, altered sensorium/shock/convulsion, no 
improvement in respiratory distress, poor oxygenation 
(partial pressure of oxygen in arterial blood : fraction  
of inspired oxygen concentration [PaO2:FiO2] ratio 
<150  mmHg) after 2  h of high‑flow oxygen therapy 
or non‑invasive mode ventilation, hypoxia (PaO2 
<60 mm Hg) or hypercarbia  (partial pressure of 
carbondioxide[PaCO2]>60 mm  Hg) on arterial blood 
gas sampling. Exclusion criteria were limited mouth 
opening and airway pathology  (oral, pharyngeal, 
laryngeal carcinoma).

Patients fulfilling these criteria were intubated and 
given invasive ventilation. Randomisation was done 
based on odd/even distribution into group A (acrylic 
box) and group P (plastic drape) [Figure 1]. All patients 
were intubated by senior skilled anaesthesiologists 
with more than 10  years of experience, across 
three centres pan India. Rapid sequence intubation 
was done using video laryngoscopy after giving 
intravenous propofol 2  mg/kg and succinylcholine 
1.5  mg/kg. All the patients were intubated.A 
sterile green gown over a personal protective 
equipment (PPE) kit was worn for every patient before 
intubation. During the procedure, the acrylic box was 
kept at the head-end  to cover the torso of the patient. 
Similarly, the plastic drape was used in such a way 
that it covered the entire body from the head to the 

Clinical Communication

Figure  1: Consolidated standards of reporting  trials  (CONSORT) 
diagram
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toe [Figure 2]. All equipment required for intubation, 
such as videolaryngoscope,  bougie, and endotracheal 
tube (ET), were kept ready inside the aerosol box as 
per the hospital protocol. After successful intubation, 
the ET was clamped with artery forceps. A circuit 
with two heat and moisture exchange filters, one at 
the patient end and the other at the expiratory hose 
of the ventilator circuit, was attached and the patient 
was ventilated with controlled mandatory ventilation 
mode on the ventilator.

The green gown was thrown in a bucket of sodium 
hypochlorite. Acrylic box cleaning was done by 
sterillium (each 100 gm containing propan‑2‑ol 
45.0 gm, propan‑1‑ol 30.0 gm, and mecetronium ethyl 
sulphate 0.2 gm), and a disposable plastic drape was 
used in each patient. An online survey in the form of 
a questionnaire regarding the use of barrier devices 
was sent to the anaesthesiologists performing the 

intubation, and the responses were filled by them once 
they finished their first rotation of COVID‑19 duty to 
avoid experience bias.

The questionnaire that was filled by the doctors was 
entitled‘acrylic box versus plastic drape technique’ and 
included questions related to discomfort, airway device 
restriction, issues with the laryngoscope, difficulty in 
migration, circuit component disconnection, time, 
laryngoscope grade, attempts required for intubation, 
PPE breaches, assistance required, etc.

All data were collected from the Google response 
sheet, and statistical calculations were carried out 
using Microsoft Office Excel. The primary objective 
was to compare the barrier device technique between 
an acrylic box and a clear plastic drape. The secondary 
objective was to assess the safety parameters of HCWs 
as per the participant questionnaire.We used the Graph 
Pad Prism 6.05 (QuickCalcs) software.Variables were 
tested using the Z proportion test among Group A and 
Group P.

A P value of less than 0.05 was considered statistically 
significant and a value less than 0.0001 was highly 
significant. Various variables with regard to the use of 
different barrier devices in both groups were compared 
[Table 1].

RESULTS

A total of 1,000 patients were included in the study 
and were divided into two groups  [Figure  1]. Each 
group consisted of 500  patients. The questionnaire 
was sent to 78 senior anaesthesiologists, out of whom, 
all responded and thus 78 anaesthesiologists were 

Table 1: Comparison of acrylic box and plastic drape in terms of various variables
Variable Response Acrylic box 

Number of 
respondents 

Number 
(percentage)

Plastic drape 
Number of 

respondents 
Number 

(percentage)

Z proportion value (P)

Discomfort felt by participant Yes 58/78 (74.3%) 20/78 (25.64%) 6.356 (<0.0001)
No 20/78 (25.64%) 58/78 (74.3%)

Difficulty in migration Yes 65/78 (83.3%) 13/78 (16.6%) 8.327 (<0.0001)
No 13/78 (16.6%) 65/78 (83.3%)

Circuit disconnection Yes 68/78 (87.18%) 10/78 (12.82%) 9.287 (<0.0001)
No 10/78 (12.82%) 68/78 (87.18%)

Less time required for intubation Yes 30/78 (38.46%) 48/78 (61.53%) 2.882 (0.004)
No 48/78 (61.53%) 30/78 (38.46%)

Laryngoscopy grade Yes 43/78 (61.53%) 48/78 (61.53%) 0.812 (0.417)
No 35/78 (44.87%) 30/78 (38.46%)

Less attempts for intubation Yes 17/78 (21.79%) 32/78 (41.02%) 0.812 (0.417)
2.587 (0.01)No 61/78 (78.20%) 46/78 (58.97%)

Figure 2: Acrylic box and clear plastic drape. (a): Plastic drape with a 
stand. (b): Plastic acrylic box front view.(c): Plastic acrylic box top view

cb

a
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involved in the intubation procedure. Also, 83.3% of 
participants faced difficulty in migration of the acrylic 
box versus 16.6% in the plastic drape group. 87.18 % 
of participants reported circuit disconnection in the 
acrylic box and 12.82% in the plastic drape group. 
74.3% of participants faced discomfort in using 
the acrylic box and 25.64% of participants faced 
discomfort in using the plastic drape. Also, 41.02% 
of participants recorded less time for intubation 
using the plastic drape, and 21.79% of participants 
observed less time for intubation using the acrylic 
box[Table  1]. There was no statistically significant 
difference in the laryngoscopic view between the two 
groups.

Finally, 92.30% of participants mentioned PPE 
breaches in an acrylic box and 7.69% in plastic drapes 
[Figure 3].

DISCUSSION

Coronavirus can be transmitted as droplets or through 
direct contact causing mild illness in 80% of patients.
Fifteen percent of patients need oxygen therapy and 
5% need intensive care unit management. The overall 
mortality is 0.5 to 3%(0.67%). Mortality is higher (13%) 
in patients with age >80 years[3] As it is a new disease, 
airway management guidelines are being updated 
regularly and so are subject to change.[2,5]

The most common and severe complication in patients 
with COVID‑19 is an acute hypoxaemic respiratory 
failure or acute respiratory distress syndrome (ARDS), 
requiring oxygen and invasive ventilation therapy.
However, in COVID‑19 patients, endotracheal  
intubation is cumbersome due to PPE, non‑availability 
of the latest difficult airway equipment, newer 
environment, anxiety, phobia and airway oedema due 
to disease pathology.[6]

During the selection of a barrier device, one should 
consider various aspects of barrier devices such as 
user‑friendliness, cost‑effectiveness, the time required 
to set up the device for patient use, patient’s tolerance, 
containment of aerosolisation[7] and ease of access 
to the airway. The safety of the HCWs is of utmost 
importance during an AGP. Apart from negative 
pressure rooms, proper use of PPE, barrier enclosure 
devices and strict adherence to airborne precautions, 

the equipment used should also satisfy patient‑related 
concerns and should be user‑friendly. In the current 
study, a significant number of participants faced 
discomfort and faced limitations such as restriction of 
hand movements while using acrylic boxes compared 
to plastic drapes (P‑value < 0.0001) [Figure  3]. 
Additionally, users required assistance to hold the 
acrylic box due to cumbersome weight and stability 
problems and faced difficulty in migration (P‑value 
< 0.0001) [Figure 3, Table 1].

There are some suggestions from around the world 
proposing the placement of large transparent plastic 
sheets over patients’ faces.[8] Matava et al.[8] had reported 
the advantages of a plastic sheet such as disposability, 
lower cost, and less restriction to hand movement. 
However, improper discarding of the plastic cover 
sheet can lead to cross‑contamination of HCWs.

Figure 3: Limitations faced in the use of airway devices, assistance 
required to hold and personal protective equipment breaches
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In an in‑situ simulation cross‑over study, early‑  and 
late‑generation aerosol boxes were used for intubation 
of COVID‑19 patients. The study put forward several 
concerns and concluded that the cleaning methods 
are still inconclusive, leading to cross‑contamination.
Secondly, the hand slots limit hand movement for 
complicated airway procedures. Thirdly, if the patient 
is agitated or not cooperative, there is a risk of minor 
trauma to the staff.[9] Similarly, in the present study, 
78 skilled anaesthesiologists with more than 10 years 
of experience performed intubation on 1,000 patients. 
On an average, one anaesthesiologist had done 12 
intubations and filled out the Google questionnaire 
form.

Aletreby et al.[10] had done a simulation cross‑over 
study on the impact of the aerosol box on the 
duration of intubation of COVID‑19 patients. The 
authors concluded that intubation is prolonged due 
to the aerosol box and causes difficulty for the airway 
manager, which can have a negative impact on safety. 
Nevertheless, 30/78 (38.46%) participants recorded less 
time in an acrylic box for intubation and 48/78 (61.53%) 
participants observed less time in a plastic drape for 
intubation (P‑value = 0.004) in the current study.

In a study, 50% of anaesthesiologists had discomfort 
and 33% had increased cognitive load using an acrylic 
box in a simulated intubation model.[9] That means, 
a suspected difficult airway should be evaluated 
cautiously, and personnel should be adequately 
trained before the use of an acrylic box as a barrier.[6]

In another study of 132 intubations using an aerosol 
box, it was reported that 109 patients were intubated 
at the first attempt, 19 at the second attempt and two 
in the third attempt. The authors concluded that there 
was no significant difference with respect to time to 
intubation among patients with Mallampati grade I to 
IV.[4]

The limitations of this study are that the aerosol 
behaviour with barrier devices could not be studied.
Due to logistic issues, the survey was conducted 
online and only qualitative assessment with subjective 
parameters could be performed.

CONCLUSION

A plastic sheet is more user‑friendly compared to an 
acrylic box in terms of difficulty in migration, circuit 
disconnection and safety for HCWs. The plastic drape 

is superior, as fewer intubation attempts are required 
compared to the acrylic box. Both barrier devices 
have their individual pros and cons.However, future 
studies are required to strengthen the evidence for the 
concrete utility of the plastic drape and acrylic box for 
intubation.

Acknowledgements
We extend our sincere thanks to Dr. Kaushal Kalotra, 
Dr. Idhuyya Joseph, Dr. Viral Dave and Mr. VasuRathod 
for their help and support in data collection and 
analysis.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

Heena S. Chhanwal, Vijayanand S.1, Divya Kheskani, 
Pratheeba Natrajan2

GCS Medical College, Hospital and Research Centre, Ahmedabad, 
Gujarat, 1KIMS, Bangalore, Karnataka, 2Indira Gandhi Medical College 

and Research Institute, Puducherry, India

Address for correspondence: 
Dr. Heena S. Chhanwal, 

GCS Medical College, Hospital and Research Centre, Ahmedabad, 
Gujarat, India. 

E‑mail: drmrshc@gmail.com

Submitted: 17‑Jan‑2022
Revised: 03-Aug-2022

Accepted: 03-Aug-2022
Published: ***

REFERENCES

1.	 World Health Organization. Coronavirus disease 
2019  (COVID‑19) situation report—81. Available from: 
https://www.who.int/docs/default‑source/coronaviruse/
situation‑reports/20200410‑sitrep‑81‑covid‑19.pdf. (Last 
accessed on 2022 Aug 03)

2.	 Malhotra N, Joshi M, Datta R, Bajwa SJ, Mehdiratta L. Indian 
Society of Anaesthesiologists  (ISA National) Advisory and 
Position Statement regarding COVID19. Indian J Anaesth 
2020;64:259‑63.

3.	 Yang W, Cao Q, Qin L, Wang X, Cheng Z, Pan A, et al. Clinical 
characteristics and imaging manifestations of the 2019 novel 
coronavirus disease  (COVID‑19):A multi‑center study in 
Wenzhou city, Zhejiang, China. J Infect 2020;80:388‑93.

4.	 Venketeswaran MV, Srinivasaraghavan N, 
Balakrishnan K, Seshadri RA, Sriman S. Intubation outcomes 
using the aerosol box during the COVID‑19 pandemic. Indian 
J Anaesth 2021;65:221‑8.

5.	 Patwa  A, Shah  A, Garg  R. All India difficult airway 
association  (AIDAA) consensus guidelines for airway 
management in the operating room during the COVID‑19 
pandemic. Indian J Anaesth 2020;64:S107‑15.

6.	 Bajwa  SJS, Kurdi  M, Stroumpoulis  K. Difficult airway 
management in COVID times. Indian J Anaesth2020;64:S116‑9.

7.	 Canelli R, Connor CW, Gonzalez M, Nozari A, Ortega R. Barrier 
enclosure during endotracheal intubation. N  Engl J Med 

AQ5

Page no. 67



Chhanwal, et al.: Clear plastic drape versus acrylic box

606 Indian Journal of Anaesthesia | Volume 66 | Issue 8 | August 2022

Author Queries???
AQ5:	 The author 'PratheebaNatrajan' has not agreed to the copyright terms and conditions which were sent on 

the author's email address

This is an open access journal, and articles are distributed under the terms of 
the Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, 
which allows others to remix, tweak, and build upon the work non‑commercially, 
as long as appropriate credit is given and the new creations are licensed under 
the identical terms.

How to cite this article: Chhanwal HS, Vijayanand S, Kheskani D, 
Natrajan P. A multicentric prospective study on clear plastic drape 
versus acrylic box during airway management of COVID‑19 patients. 
Indian J Anaesth 2022;66:602-6.

Access this article online

Quick response code
Website: 
www.ijaweb.org

DOI: 
10.4103/ija.ija_57_22

2020;382:1957‑8.
8.	 Matava  CT, Yu  J, Denning  S. Clear plastic drapes may be 

effective at limiting aerosolization and droplet spray during 
extubation: Implications for COVID‑19. Can J Anaesth 
2020;67:902‑4.

9.	 Begley JL, Lavery KE, Nickson CP, Brewster DJ.The aerosol box 
for intubation in coronavirus disease 2019 patients: An in‑situ 
simulation crossover study. Anaesthesia 2020;75:1014‑21.

10.	 Aletreby  WT, Alharthy  AM, Madi AF, Ramadan OE, 
Alodat MA, Huwait BM, et  al. Impact of aerosol box on 
duration of intubation of COVID‑19  patients: Simulation 
cross‑over study. Int J Health Sci Res 2020;10:22‑7.

Page no. 68



607© 2022 Indian Journal of Anaesthesia | Published by Wolters Kluwer - Medknow 

A novel indication of an 
advanced block: Mid‑point 
transverse process to pleura 
block for rib cartilage harvesting 
in pinna reconstruction surgery‑A 
case report

Sir,

Pinna reconstruction is one of the challenging tasks in 
the reconstruction surgery usually done for congenital 
anotia, malignancy and traumatic injury of the pinna. 
The two‑staged procedure involves autologous costal 
cartilage (6–8th) harvesting and placing it underneath 
the skin on the planum mastoideum.[1]

Moderate to severe pain is experienced by the patient 
after costal cartilage harvesting, which leads to shallow 
breathing, inability to cough out secretions, delayed 
recovery and discharge.

Various perioperative analgesic methods have been 
used including systemic administration of analgesic 
drugs, local infiltration of local anaesthetics, thoracic 
epidural  (TE), thoracic paravertebral (TPV) and 
intercostal nerve block. We report the analgesia 
management of such a case with a “mid‑point 
transverse process to pleura” (MTP) block, which is an 
alternative technique of TPV block in which the needle 
is placed midway between the transverse process to 
the pleura to reduce the incidence of pneumothorax 
and vascular injury.

A 20‑year‑old female patient weighing 50  kg and 
with an American Society of Anesthesiologists 
physical status  (ASA) grade  I was posted for pinna 
reconstruction with seventh rib cartilage harvesting. 
Ultrasonography (USG)‑assisted right‑sided MTP block 
was planned for postoperative analgesia at the costal 
cartilage harvesting site before the induction of general 
anaesthesia (GA). Written informed consent was taken 
and a high frequency  (8–15 MHz) linear vascular 
transducer probe (LOGIQe, GE Healthcare, China) was 
placed at the T5 level in the parasagittal plane after 
taking strict aseptic precautions with the patient in the 
sitting position. The midpoint of the posterior border 
of the transverse process and pleura was identified, 
and a 100 mm long 18 G needle (Contiplex, B Braun) 

was inserted in the plane of the probe and 20 mL of 
0.5% ropivacaine was given  [Figure  1]. The spread 
of local anaesthetic was confirmed by USG, and a 
20G catheter was inserted for continuous analgesia. 
After 20 min of the block, sensory assessment by cold 
swab and pinprick revealed decreased sensation over 
the anterior chest wall from T3 to T9 dermatomes. 
GA was then given as per institutional protocol and 
intraoperative haemodynamics remained stable 
without any need for opioid supplementation. The 
surgery lasted around 240  min and the patient was 
extubated uneventfully after the surgery. In the 
postoperative period, a continuous 0.2% ropivacaine 
infusion at the rate of 5  mL/h was given through 
the catheter for the next 48  h. The patient received 
a 15 mg/kg paracetamol intravenous injection in the 
postoperative period every 8 h. Her Visual Analogue 
Scale (VAS) score at rest was 2/10 and 3/10 on coughing 
at 24 h postoperatively, and she was totally satisfied 
with the analgesia during the recovery period.

Recently, the increased use of USG in regional 
anaesthesia has enabled us to look for specific targets, 
making peripheral blocks, including interfascial plane 
blocks, quite popular and feasible. MTP block is one 
of the recently described approaches for thoracic 
surgeries. The analgesic role of MTP block has been 
proved in various unilateral chest pathologies such as 
modified radical mastectomy  (MRM), video‑assisted 
thoracoscopic surgery  (VATS), rib fracture, medical 
thoracoscopy and intercostal drain placement.[2‑5] The 
target in the MTP block is superficial (midway between 
the transverse process and the pleura) and does not 
require visualisation of the superior costotransverse 
ligament  (SCTL), minimising the chances of 
pneumothorax. Possible mechanisms postulated for the 
diffusion of the local anaesthetic to the paravertebral 
space include gaps between the SCTL and vertebral 

Letters to Editor

Figure 1: Image of ultrasound‑guided ESP block: Sagittal view – T4T5 
transverse process,  with a needle placed between the transverse 
process and pleura  (TM‑Trapezius Major, RM‑Rhomboid Major, 
ESP‑Erector Spinae Muscle)
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bodies, fenestrations in SCTL and laterally through 
the internal intercostal membrane.[6] We achieved 
dense and effective analgesia in the intraoperative as 
well as postoperative period with the MTP block. If the 
operator is well versed with sonoanatomy, the MTP 
block is a simpler block with minimal complications.

To conclude, MTP block is an excellent as well as a 
safe alternative for providing analgesia for unilateral 
surgeries requiring rib cartilage harvesting.
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Chylothorax after thyroid surgery: 
A rare cause of postoperative 
hypoxia!

Sir,

A 59‑year‑old female patient, American Society of 
Anesthesiologists grade  II controlled hypertensive, 

with no significant risk factors for postoperative 
pulmonary complications barring moderate obesity, 
underwent total thyroidectomy with bilateral 
modified neck and level VI lymph node dissection. 
The intraoperative period and extubation were 
uneventful. She was fully awake and had recovered 
completely from muscle relaxants. Laryngoscopy 
was done to confirm normal vocal cord function. 
Shortly following the transfer onto the trolley, she 
desaturated to  91–93%. There was no stridor or 
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obvious signs of respiratory distress. There were 
no clinical features to suggest inadequate reversal, 
residual anaesthetic or opiate effect.[1] Considering 
the possibility of basal atelectasis after prolonged 
general anaesthesia, she was managed conservatively 
with head‑end elevation, recruitment followed by 
oxygen support via a non‑rebreathing mask (NRBM) 
at 10L/min, to which she responded immediately. 
However, she tended to desaturate on reducing 
oxygen flow. Because the hypoxia persisted despite 
continuous positive airway pressure (CPAP), a point 
of care ultrasound  (POCUS) was done. This was 
grossly normal barring a few B lines on the left side. 
A  portable chest X‑ray  (CXR) done in the recovery 
room  showed bilateral lung volume reduction. 
Approximately 90 min later, she began to show signs 
of increasing respiratory distress and complained of 
left‑sided chest pain. She was shifted to the critical 
care unit for further management and deteriorated 
further during transit.

Arterial blood gas (ABG) analysis showed respiratory 
acidosis with the partial pressure of oxygen by 
inspired oxygen concentration/inspired oxygen 
fraction (PaO2/FiO2) ratio <100[Table 1]. Oxygen support 
was escalated to high‑flow nasal oxygen (HFNO). Chest 

physiotherapy was initiated. After 12  h, the patient 
was intubated because of the worsening hypoxia and 
respiratory distress despite maximal HFNO support. 
POCUS showed bilateral B lines with minimal 
bilateral effusion from day 2. Her lung function 
declined progressively, acutely and rapidly over 
the next 2  days. Serial procalcitonin and pro‑brain 
natriuretic peptides (BNP) were within normal range 
ruling out sepsis and cardiac aetiology. Serial CXRs 
and nucleic acid tests (TruNAT) were repeated to rule 
out corona virus disease (COVID) pneumonia. On 
day 4, CXR showed bilateral atelectasis and features 
of severe acute respiratory distress syndrome (ARDS) 
with bilateral minimal pleural effusion. The patient 
clinically worsened despite significant ventilatory 
support. ABG analysis showed severe respiratory 
acidosis with a PaO2/FiO2ratio of 55. A left intercostal 
drain (ICD) was inserted at the surgeon’s suggestion 
despite the small pleural effusion, suspecting a chyle 
leak [Figure 1]. Further 550mL of chyle was drained. 
Chylothorax was managed conservatively as the 
amount of chyle drained progressively decreased. Her 
respiratory mechanics improved albeit slowly. After 
a failed extubation, re‑intubation and tracheostomy, 
weaning was possible only on day 20. She was off 
oxygen support on day 28 and discharged on day 32.

Postoperative chylothorax generally presents as 
dyspnoea and cough two or three days post‑operatively 
and is rare (less than 1% to 6.2%) following thyroid 
surgery.[2] The risk of chyle leakage is directly 
proportional to the extent of surgical dissection.[3] In 
our patient, thoracic duct injury and leak of chyle 
directly into the pleural space probably triggered and 
sustained the ARDS features.

This patient developed desaturation practically 
immediately, suggesting an anaesthetic aetiology. The 
minimal chyle leak probably increased during transfer 
to the trolley and later to the intensive care unit due 
to the increased abdominal pressure during patient 
movement. The subsequent exaggerated inflammatory 
response of the lungs to the chyle probably triggered 
ARDS similar to that seen during fat embolism. As 
the leak of chyle was minimal, it did not cause the 
typical hypovolaemia, dyselectrolytaemia and severe 
malnutrition.

Considering that cases of pleural effusion after 
thyroidectomy are rare, a higher index of suspicion for 
a chylothorax may have helped.[4] Valsalva manoeuvre 
followed by raising the intraabdominal pressure 

Figure 1: Chest X-ray showing bilateral patchy opacities and  bilateral 
pleural effusion POD4

Table 1: Arterial blood gas findings
pH pCO2 pO2 HCO3‑

Day 1‑High‑flow nasal oxygen 40L/40% 7.260 50.9 68.4 20.0
Post intubation 7.385 44.7 28.1 24.2
Day 4‑With FiO2100% 7.271 55.7 55.4 22.3
Day 5‑Post intercostal drain insertion 
with FiO290%

7.316 52.3 55.1 24.4

Day 13‑Tracheostomy 7.538 29.5 101 27.2
Day 21‑High‑flow nasal oxygen 30L/30% 7.365 52.0 41.7 26.6
Day 28‑Off oxygen support 7.366 50.5 42.1 26.0
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with the Cernea manoeuvre may have aided early 
intraoperative detection of duct injury.[5] Although 
chylothorax per se is rare after thyroid surgery,[6] 
other unusual features here were the early acute 
presentation with hypoxia, the rapid deterioration to 
severe inflammatory response and ARDS.
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Efficacy of sub para‑neural 
sciatic nerve catheters for wound 
care‑related procedural pain in 
hospital ward settings

Sir,

Patients with deep wounds due to trauma, infection or 
chronic systemic illness like diabetes mellitus undergo 
frequent dressing changes and minor debridement 

collectively known as wound care procedures (WCP) 
in the ward. Pain during WCP has been reported to 
be moderate to severe in 74% of patients with 36% 
expressing severe pain.[1] Inadequate analgesia reduces 
patient compliance to dressing changes and also leads 
to depressive symptoms and decreased quality of 
life.[2,3] Hence, we sought to explore the feasibility and 
efficacy of sciatic nerve catheters for analgesia during 
wound care procedures in the hospital ward setting.

This prospective observational trial was conducted 
in a tertiary care teaching university hospital 
from January 2021 to August 2021. The study was 
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approved by the institute human ethics committee 
and was registered with the clinical trial registry of 
India (CTRI/2021/01/030291).

After informed consent, thirty‑five patients suffering 
moderate to severe pain during wound care procedures 
were recruited into the study. Catheter insertion was 
performed in the operating theatre under aseptic 
precautions. The sub para-neural compartment was 
initially hydro located with 10  mL of normal saline 
through a 25‑gauge Quincke spinal needle  (smaller 
gauge and shorter bevel) at the bifurcation of the 
sciatic nerve. Subsequently, a 20 G epidural catheter 
was introduced into the sub para‑neural compartment 
through the 18‑gauge Tuohy epidural needle under 
ultrasound guidance and fixed by transparent dressing. 
The patients were shifted to the ward and managed by 
the hospital acute pain service team [Figure 1a and b]. 
Thirty minutes prior to dressing, 15 mL bolus of 1.5% 
lignocaine without adrenaline was administered through 
the catheter. If the wound extended into saphenous 
nerve territory, a subcutaneous skin infiltration was 
performed in the medial aspect of the leg, approximately 
5 cm below the tibial tuberosity. Patients expressed the 
degree of pain during the entire WCP through Verbal 
Numeric Rating Scale  (VNRS). Patients with effective 
catheter analgesia were instructed to note down the 
time they regained the normal sensorimotor function as 
well as the pain at the wound site. The catheter site was 
inspected every day for signs and symptoms of infection 
and leak. The catheter was removed when the WCP was 

no longer required, when analgesia was ineffective or at 
signs of catheter site infection.

Demographic data of the patients were recorded [Table 1]. 
Thirty‑five patients received 42 catheters  (reinsertion 
rate 20%) and 173 dressings were performed under 
the cover of catheter analgesia over a period of eight 
median catheter days. The catheter analgesia was 
effective (Median VNRS 2; interquartile range (IQR) 0‑4) 
in 161 dressings  (success rate 93%) and the analgesia 
lasted for a mean duration of 163  ±  60  minutes. All 
patients regained their sensorimotor function within 
130 ± 52 minutes. Catheter tip malposition was the most 
common cause for ineffective analgesia  (8/12). Major 
complications such as catheter site infection, persistent 
sensory motor deficit beyond 24 h, and accidental fall 
due to sensorimotor blockade were not reported.

All patients reported complete sensory motor recovery 
within 2 to 3  h following every catheter activation; 
nevertheless, subclinical nerve conduction defects 
cannot be ruled out.[4] However, those patients who 
were able to ambulate prior to drug administration 
were able to maintain the same after 4 hours of drug 
administration without any incidence of accidental 
fall. Similarly, no incidence of catheter site infection 
was registered in spite of a septic source being treated 
on the same lower limb. Catheter tip displacement 
was the commonest cause for ineffective analgesia 
and re‑insertion. Though catheter tip position at 
insertion was verified by ultrasound, subsequent 
patient ambulation in ward could have resulted in 
changes in tip position in relation to the nerve. None 
of our patients required more than two catheters 
for their wound dressings. Patient satisfaction after 
surgery depends on the adequacy of pain relief and 
the occurrence of adverse effects of pain management 
manoeuvres.[5] Nevertheless, we conclude that sub 
para-neural sciatic nerve catheter management is 

Figure 1: (a) Image of patient’s leg with wound in sciatic nerve territory 
and popliteal sciatic nerve catheter in situ. (b) Image of patient’s leg 
with wound covered and popliteal sciatic nerve catheter in hospital 
ward setting

b

a

Table 1: Demographic data of patients with sciatic nerve 
catheter for wound care procedures

Variable Data
Age (years) 54 (48-65)
BMI 23.2 (22-25.6)
Gender (M:F) 25:10
Primary cause of the wound

Diabetic foot
Trauma
Necrotising fasciitis
Arterial insufficiency
Burns

n (%)
15 (42.8%)
8 (22.8%)
7 (20%)

4 (11.4%)
1 (2.85%)

Values are represented as Median (Inter‑ quartile range), and 
number (proportion). BMI – Body Mass Index, M – Male, F – Female
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feasible in the ward settings and offers effective 
regional analgesia for wound care procedures without 
any major adverse effects.
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Workstation peril: Paradoxical 
inability to ventilate in manual/
spontaneous mode with 
mechanical ventilation modes 
unaffected

Sir,

Traditional teaching prompts immediate switch‑over 
to the manual‑mode on encountering ventilator-

malfunction, then systematically investigating the 
cause of leak. We describe a case of paradoxical 
inability to ventilate the patient in the manual‑mode, 
with smooth ventilation in the volume control (VC), 
pressure control  (PC), and volume control‑autoflow 
(VC‑AF) modes, prompting Valsalva manoeuvre (VM) 
institution in the PC‑mode of our Drager‑Perseus 
A‑500 workstation, instead of the usual manual‑mode.

VM is performed actively (awake patients), accidentally 
(straining/weight‑lifting), or passively (intraoperative 
manual-mode).[1,2] VM is often requested by 
surgeons intraoperatively (thyroid/head‑neck surgery, 
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craniotomy) to unmask covert venous bleeders, and 
detect cerebrospinal fluid‑leaks (spinal‑surgery).[1,2] 
VM‑administration utilises the “intermittent positive‑ 
pressure technique” [manual‑mode; fresh gas flow 
(FGF) 2 L/min; partial‑closure (40 cmH2O) of adjustable 
pressure-limiting (APL) valve; gentle manual squeezing 
of the reservoir‑bag and compression maintained for 
15–20 s].[2]

A 53‑year‑old male was posted for tongue‑commando 
surgery. The surgeons requested VM towards surgery 
completion. On switching from VC‑AF mode to 
manual‑mode for VM‑institution, the reservoir‑bag 
remained collapsed despite increasing FGF to 8  L/
min, fully closed APL‑valve  (70 cmH2O), and 
emergency oxygen‑button activation. After affirming 
nasotracheal tube cuff‑integrity  (pilot‑balloon 
compression), inflation with additional 2  mL 
air, pushing the existing oral‑pack more snugly 
around the tube, tightening circuit connections, 
and replacing the right‑angled connector, filter, 
reservoir‑bag and the closed‑circuit including 
Y‑piece, in sequential steps, the leak persisted 
from an unidentifiable site. Since the peripheral 
oxygen saturation  (SpO2) plummeted, emergency 
oxygenation was administered by an Ambu‑bag. 
To resume volatile anaesthetics, the patient was 
shifted back on VC‑AF mode once the SpO2 reached 
100%. Fortunately, now the set tidal volume could 
be delivered (complete flow‑volume loops). On 
switching to manual‑mode for VM, there again 
occurred sudden inability to ventilate. Adequate 
ventilation in VC, PC and VC‑AF modes negated 
breach in circuit‑integrity  (endotracheal tube 
to workstation‑interface).[3] Finally, a different 
technique to deliver VM in PC‑mode was 
devised  (pressure‑cap setting 35 cmH2O; positive 
end‑expiratory pressure 30 cmH2O; lowest 
respiratory rate of 3 breaths/min [inherent safety 
feature of Perseus‑workstation)] delivering raised 
airway pressure  (35 cmH2O during inspiration; 30 
cmH2O during expiration) until switching to manual 
mode in 20 s  [Figure 1]. Jugular venous distension 
was observed. The bleeder unmasked consequent to 
VM was cauterised successfully.

Subsequently, we pinpointed faulty seating of the 
sodalime canister (replaced intraoperatively, 5 h earlier, 
to rectify sodalime‑exhaustion‑induced rebreathing) 
for this anomaly. It was only partially installed in the 
canister‑bracket, the canister‑top being locked with 
the CLIC‑adapter system, generating a large gas‑leak 

by pressing open the spring‑loaded rubber valve. The 
canister was removed and reset into position and 
viola; manual ventilation became possible.

In lesser machines, switching the sodalime‑canister 
intraoperatively, disrupts controlled ventilation. 
High‑end workstations  (Perseus, Apollo, 
Zeus, Primus, Fabius) are endowed with the 
CLIC‑adapter  (Drägersorb CLIC‑system; Dräger, Inc, 
Telford, Pennsylvania) fitted with a spring‑loaded 
rubber valve allowing the machine to successfully 
pass a pre‑use check minus a sodalime‑canister 
(Drägersorb 800; Dräger, Inc) and permitting its 
intraoperative replacement without disruption of 
controlled ventilation and volatile anaesthetics. 
General Electric machines with EZ‑Change Mode 
(Avance‑CS2; GE Healthcare, Madison, WI) allow 
continued ventilation without leak while changing 
carbon dioxide (CO2)‑absorbent.[4‑6] Our machine had 
passed the pre‑use check  (including leak‑test) with 
the canister in  situ. An automatic leak‑test could 
not be technically performed after intraoperative 
canister replacement. The end‑tidal CO2 remained 
within normal limits with a FGF of 3  L/min 
without CO2‑absorber in the circuit because during 
mechanical ventilation (inspiratory phase), the fresh 
gas decoupling valve  (FGDV) closed, permitting 
positive pressure ventilation of the lungs, and in 
the expiratory phase, room‑air entered the breathing 
circuit via the canister‑leak reaching the lungs 
through the open FGDV.

The changes in ventilator graphs, agent concentration, 
and alarms were insidious and did not indicate an 
obvious entrapment.

Figure 1: Administration of Valsalva manoeuvre in pressure control 
mode of Drager Perseus anaesthesia workstation
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The incident prompted us to order the optional 
radiofrequency identification sensor (exclusive to 
Perseus‑workstation) which ensures the presence and 
proper installation of a sodalime‑canister.

This report stresses thorough knowledge of the 
machine. However, only knowing the machine is not 
enough and one must also be a keen observer. While 
troubleshooting a large leak, one should be aware of a 
potential CLIC‑adapter related sodalime‑canister leak.
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Anaesthetic concerns in 
pregnancy associated with myelin 
oligodendrocyte glycoprotein 
encephalomyelitis

Sir,

Myelin oligodendrocyte glycoprotein encephalomye litis 
(MOG‑EM) is a rare demyelinating autoimmune disorder, 

characterised by optic neuritis, myelitis and brain stem 
encephalomyelitis. Previously, it was categorised as 
a variant of multiple sclerosis (MS) or neuromyelitis 
optica spectrum disorder (NMOSD). However, it has 
recently been classified as a separate disease entity 
with unique radiological and immunopathological 
findings.[1] We report the anaesthetic considerations 
and management of a parturient with MOG‑EM who 
underwent a caesarean section (CS).

A 32‑year‑old gravida 2, para 1 pregnant woman, with 
a case of demyelinating disorder was admitted for CS. 
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During her first pregnancy, the patient underwent 
CS under spinal anaesthesia due to cephalopelvic 
disproportion. Surgery was uneventful with no 
reports of prolonged motor or sensory blockade 
following neuraxial anaesthesia. One year later, 
the patient developed new‑onset paraesthesia in 
both legs, with exaggerated deep tendon reflexes. 
Magnetic resonance imaging  (MRI) of the spine 
revealed demyelinating lesions of the cerebrum, 
cerebellum, brain stem  [Figure 1a and b) and spinal 
cord [Figure 2a–d]. Based on clinical, serological and 
radiological tests, the patient was diagnosed with 
aquaporin negative‑MOG‑positive NMOSD. Clinical 
improvement was noted and remission was obtained 
after three cycles of methylprednisolone therapy. Oral 
prednisolone and azathioprine were started to prevent 
relapse. After 1  year of remission, the patient was 
diagnosed to be pregnant. She continued to take oral 
prednisolone and azathioprine during the course of 
her pregnancy and remained in remission.

During the preoperative anaesthetic visits, neurological 
examination was regular. Taking available evidence 
and the possibility of post‑partum relapse of the disease 
into consideration, we decided to administer general 
anaesthesia after discussion with the patient about the 
risks and benefits of both anaesthetic techniques. Along 
with standard monitors (electrocardiogram, pulse 
oximetry, non‑invasive blood pressure), neuromuscular 
monitoring and bispectral index monitoring were 
also instituted. Rapid sequence induction was 
performed using thiopentone and rocuronium. General 
anaesthesia was maintained with sevoflurane in a 
mixture of nitrous oxide and oxygen. Midazolam and 

fentanyl were administered after cord clamping. The 
neonate had a normal Appearance, Pulse, Grimace, 
Activity and Respiration (APGAR) score.

The surgery lasted for 90 min and deep neuromuscular 
blockade  (train of four  [TOF] count of 0) was 
observed throughout the surgery. The time from the 
administration of the intubating dose of rocuronium 
to the appearance of the first response was 
approximately 120  min. Neuromuscular blockade 
was reversed with neostigmine and glycopyrrolate at 
a TOF count of 4 (which appeared at 160 min) and the 
trachea was successfully extubated. She was shifted 
to the post anaesthesia care unit for observation, 
and the postoperative course was uneventful. Due to 
the possibility of exacerbation of the disease in the 
postpartum period, she was closely monitored by a 
neurologist until discharge. At subsequent post‑natal 
visits, there was no evidence of worsening of her 
neurological symptoms.

In the limited evidence available pertaining to the 
anaesthetic management of a parturient with NMOSD, 
it is not clear as to which anaesthetic modality 
is safer in these patients. The administration of 
neuraxial anaesthesia for these patients is subject 
to debate. There are case reports describing disease 
exacerbation following neuraxial anaesthesia.[2,3] In 
contrast, uneventful post‑operative outcomes have 
also been demonstrated in NMOSD patients who 
received epidural anaesthesia for CS and labour 

Figure 1: (a) FLAIR axial image shows a focal sub‑cortical white matter 
hyperintensity in the right superior frontal gyrus. (b) FLAIR axial image 
shows a lesion involving the left thalamus laterally

ba

Figure 2: (a) T2‑weighted sagittal image of the cervical spine shows 
a short‑segment hyperintense lesion with the expansion of the cord 
at the C4 level and C6–C7 levels. (b) T2‑weighted sagittal image of 
the thoraco‑lumbar spine shows the conus medullaris is involved with 
hyperintensity and expansion.  (c) T2‑weighted axial image of the 
cervical spine shows the lesion involving the entire cross‑section of the 
cord. (d) Diffusion‑weighted sagittal image of the cervical spine shows 
restricted involved regions of the spinal cord
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analgesia.[4,5] At present, it can be assumed only as 
a temporal consequence, because studies assessing 
exacerbation in relation to neuraxial anaesthesia have 
failed to establish a cause–effect relationship.

The administration of general anaesthesia in 
patients with NMOSD has its own disadvantages. 
Succinylcholine should be avoided to prevent 
a hyperkalemic response. Increased sensitivity 
and incomplete recovery from non‑depolarising 
neuromuscular blockade requiring bilevel positive 
airway pressure  (BiPAP) therapy after extubation 
has been reported.[6] Even in our case, there was 
a delay in the appearance of the first TOF response 
after the intubating dose, and the reversal agent was 
administered after 160 min. The concern of increased 
sensitivity to neuromuscular blocking drugs warranted 
us to use neuromuscular monitoring during the 
surgery. Nonetheless, ensuring foetomaternal safety is 
also very important and has to be kept in mind.[7]

Knowledge about this rare disease process, its 
interaction with pregnancy and how anaesthesia 
affects it may equip the anaesthesiologist to manage 
these patients optimally.
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Effect of wearing a surgical mask 
on short‑term pulmonary gas 
exchange in patients immediately 
after anaesthesia

Sir,

During the novel coronavirus disease 2019 (COVID‑19) 
pandemic, the universal application of surgical masks 
on patients may help prevent exposure to healthcare 
workers.[1,2] After tracheal intubation under general 
anaesthesia, the production of airway secretions 
increases, and patients are more likely to develop a 
cough during recovery. Some reports recommend 
that a surgical mask must be applied to the patients 
in the operating room.[3,4] In this study, we aimed to 
investigate changes in arterial blood gases in patients 
wearing a surgical mask immediately post‑extubation 
after general anaesthesia.

This retrospective study was approved by the 
hospital ethics committee (#2021‑006). The need for 
informed consent was waived by the committee, and 
the research content was made publicly accessible. 
Based on the data available from medical records, 
56  patients  (30 who wore a surgical mask and 26 
who did not) who underwent surgery under general 
anaesthesia with invasive arterial line insertion and 
tracheal intubation between 25  January 2021 and 
6  September 2021 were enroled in the study. The 
study followed the principles of the Declaration 
of Helsinki and was conducted in a tertiary‑level 
emergency medical centre. Patients with severe 
respiratory illness were excluded.

Variables such as age, gender, body weight, body mass 
index, the American Society of Anesthesiologists 
physical status, details of the surgery, anaesthesia 
time, operation time and blood gas values were 
collected.

After extubation following general anaesthesia, 3 L/min 
of oxygen therapy by a nasal cannula was used for the 
patients. After confirming that the patients were awake 
and their respiratory condition was stable, an arterial 
blood gas analysis was performed. Then, a surgical 
mask was placed over the nasal cannula, and after 
5 min, a repeat blood gas analysis was performed. If 
no significant abnormalities were found, the patients 

were released from the operating room at the discretion 
of the anaesthesiologist.

Patients who underwent repeated blood gas analysis 
using the same oxygenation procedure without a 
surgical mask, before the COVID‑19 pandemic, were 
selected as the controls.

The Wilcoxon signed‑rank test was performed 
to investigate whether there was a difference in 
the partial pressures of oxygen  (PaO2) and carbon 
dioxide (PaCO2) in patients before and after wearing a 
surgical mask. Statistical Package for Social Sciences 
software version 25  (International Business Machine 
Corporation., Armonk, New  York) was used for 
analysis, and P values < 0.05 indicated significance.

There were no statistically significant differences in 
demographics between the groups, except for surgical 
details [Table 1]. Arterial PaO2 increased significantly 
from 109.5 (99.2–148.5) mmHg to 183.0 (145.5–204.0) 
mmHg  (P  <  0.001), whereas the PaCO2 showed no 
statistically significant change (from 42.9 [38.6–45.8] 
mmHg to 41.8  [38.3–45.1] mmHg  [P = 0.665] before 
and after wearing a surgical mask) [Figure 1a and b].

There were no statistically significant changes in 
PaO2 (from 103.5  [92.7–131.5] mm Hg to 108.0 
[91.2–135.8] mm  Hg  [P  =  0.839]) or PaCO2 (from 
42.9 [38.6–45.8] mm Hg to 44.1 (42.0–46.4) mm Hg 
[P = 0.186]) in patients without a mask [Figure 1c and d].

Table 1: General characteristics of patients
Characteristic Patients with 

mask (n=30)
Patients without 

mask (n=26)
P

Age, median (IQR), 
years

76.0 (71.8-82.8) 76.5 (70.0-85.0) 0.675

Male gender, n (%) 15 (50.0) 11 (42.3) 0.601
Height, median (IQR), 
cm

156.0
(149.0-162.3)

158.5
(148.8-168.0)

0.353

Weight, median (IQR), 
kg

51.0 (44.3-58.9) 54.0 (47.4-61.3) 0.282

Body mass index, 
median (IQR) kg/m2

21.1 (18.5-24.1) 22.3 (18.9-23.7) 0.430

ASA‑PS, median (IQR) II (II-III) II (II-II) 0.301
Anaesthesia time, 
median (IQR), min

222.0
(187.2-341.5)

229.0
(196.3–317.5)

0.681

Surgical time, median 
(IQR), min

161.5
(125.0-296.5)

171.5
(135.8-250.3)

0.761

Details of the surgery, n
Laparoscopic surgery 7 6
Laparotomy 1 7
Extremities, spine 21 13
Craniotomy 1 0

IQR=interquartile range, ASA‑PS=American Society of Anesthesiologists 
physical status, n=number
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The study showed that wearing a surgical mask over 
the nasal cannula significantly increased PaO2. This 
result is consistent with that reported in a previous 
study showing that oxygenation could be improved 
by wearing a surgical mask while wearing a high‑flow 
nasal cannula and that wearing a surgical mask over 
an oxygen mask caused a greater increase in oxygen 
concentrations than wearing it under an oxygen 
mask.[5,6]

This study has some limitations. It was a single‑centre 
study with a retrospective design and a small number 
of cases. The hypothesis drawn from this study should 
be confirmed in a randomised study.

In conclusion, wearing a surgical mask over a nasal 
cannula after general anaesthesia to prevent droplet 
infection might also help improve oxygenation without 
increasing PaCO2 levels.
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Iatrogenic catheterisation 
of subclavian artery while 
cannulating internal jugular vein: 
What else one can do?

Sir,

We have gone through the published letter titled 
‘Iatrogenic catheterisation of the subclavian artery 
while cannulating internal jugular vein’.[1] We welcome 
the authors’ five key suggestions to prevent this 
mistake while performing internal jugular vein  (IJV) 
cannulations in paediatric patients, but have a few 
suggestions.

Real‑time ultrasonography is the standard of care for 
central venous catheter placement. As indicated in the 
authors’ third key suggestion, it is essential to puncture 
the vein under constant ultrasonic observation. We 
would like to emphasise that our main aim at this point 
is to avoid posterior vessel wall puncture. Several 
methods are suggested in the literature to achieve 
this objective such as the bevel‑down method and the 
pen‑holding method.[2,3]

We would like to add a suggestion here that it would 
be better to use a 22 G peripheral intravenous catheter 
(instead of a vascular access puncture needle) 
attached with an aspiration syringe for puncturing IJV 
in paediatric patients. It gives more stability during 
the passage of the guide wire. This method prevents 
unnecessary dilatation of the vessel wall as we can 
also attach a pressure transducer to the hub of the 22 
G catheter to check the trace in case of doubt.

One should not forget to integrate the anatomic 
knowledge from conventional landmark techniques 
while performing ultrasound‑guided IJV cannulation.[4] 
Trendelenburg positioning to improve the IJV lumen 
will undoubtedly aid in improving success rates and 
lowering complication rates, including iatrogenic arterial 
catheterisation, particularly in paediatric patients.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

Sri Rama Ananta Nagabhushanam Padala, 
Molli Kiran, Seema

Department of Anaesthesiology and Critical Care Medicine, All India 
Institute of Medical Sciences (AIIMS), Bhopal, Madhya Pradesh, India

Address for correspondence: 
Dr. Sri Rama Ananta Nagabhushanam Padala, 

Assistant Professor, Department of Anaesthesiology and Critical 
Care Medicine, All India Institute of Medical Sciences (AIIMS), 

Bhopal ‑ 462 020, Madhya Pradesh, India. 
E‑mail: padala72@gmail.com

Submitted: 22‑May‑2022
Revised: 31‑Jul‑2022

Accepted: 03‑Aug‑2022
Published: ***

REFERENCES

1.	 Al Saadi  NRS, Haris  A, Khan  RM, Kaul  N. Iatrogenic 
catheterisation of subclavian artery while cannulating internal 
jugular vein. Indian J Anaesth 2022;66:304-5.

2.	 Lim T, Ryu HG, Jung CW, Jeon Y, Bahk JH. Effect of the bevel 
direction of puncture needle on success rate and complications 
during internal jugular vein catheterization. Crit Care Med 
2012;40:491-4.

3.	 Gupta D, Misra G, Haldar R, Srivastava S, Agarwal A. Proximal 
penholding method‑A variant to enhance safety of ultrasound 
guided central venous cannulation: A prospective pilot study. 
Ann Card Anaesth 2019;22:379-82.

4.	 Mallory  DL, Shawker  T, Evans  RG, McGee  WT, Brenner  M, 
Parker M, et al. Effects of clinical maneuvers on sonographically 
determined internal jugular vein size during venous 
cannulation. Crit Care Med 1990;18:1269‑73.

Comment on Published Article

How to cite this article: Padala SR, Kiran M, Seema. Iatrogenic 
catheterisation of the subclavian artery while cannulating internal 
jugular vein: What else one can do? Indian J Anaesth 2022;66:620.
© 2022 Indian Journal of Anaesthesia | Published by Wolters Kluwer - Medknow

This is an open access journal, and articles are distributed under the terms of 
the Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, 
which allows others to remix, tweak, and build upon the work non‑commercially, 
as long as appropriate credit is given and the new creations are licensed under 
the identical terms.

Access this article online

Quick response code
Website: 
www.ijaweb.org

DOI: 
10.4103/ija.ija_441_22

Page no. 82





Fo
r 

M
ed

ic
al

 P
ro

fe
ss

io
n

al
 O

n
ly

Premium Anaesthesia Product Range


	IJA_Jul_22_Cover_Web.pdf
	Page 1


