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Simulation‑based training is rapidly evolving with the 
changing healthcare landscape and airway training is 
no exception.To keep pace with the scenario, the field 
of simulation‑based research has grown rapidly over 
the last decade and two types of simulation‑based 
research studies have been described: 1) Studies 
that assess the efficacy of simulation as a training 
methodology  (as an educational intervention) 
and 2) studies where simulation has been used as 
an investigative methodology.[1] Several articles 
describing the attributes of simulation‑based research 
and the simulation‑based educational interventions 
are available.[2]

As per the mandatory requirement of the regulating 
council, establishment of a ‘Skill and Simulation Lab’in 
a medical college is  mandatory and this has opened 
the doors and has also provided a platform for both 
simulation‑based education and simulation‑based 
research.

Simulation‑based airway management training in 
a Skill and Simulation Lab is an integral part of the 
new competency‑based curriculum.[3‑6] The airway 
manikins have slowly evolved over time since the 
1960s, when Resusci Annie was first introduced and 
currently, some manikin models with face and airways 
are connected to artificial lungs. Evaluation of airway 
equipment and respiratory variables of a person such 
as lung compliance, airway resistance, etc.can be done 

on such manikins that simulate the entire respiratory 
system.[7] Nevertheless, when a new airway device is 
developed, it is tested and evaluated in various steps, 
firstly in a manikin, and this is followed by clinical 
trials focussing on different aspects and situations.

Though training of rare and difficult scenarios has been 
the initial necessity for the development of manikins, 
they have slowly invaded the field of research too. 
Manikins/part task trainers form the majority of 
simulation‑related research and practising with 
equipment forms the commonest objective of these 
research studies.[8] Nevertheless, the recommended 
tidal volume of 500ml during cardiopulmonary 
resuscitation was derived from a patient simulator 
study.[9] Currently, manikin‑based research is trending 
in the difficult airway and respiratory system domains. 
Manikin‑based research studies use either normal 
airway or difficult airway models or simulator apps 
depending on the research hypothesis.

The research studies conducted in manikins 
are often based on hypotheses involving airway 
assessment, airway obstruction, airway skills 
including airway maintenance manoeuvres, 
bag‑mask ventilation, giving the optimal position for 
intubation, application of manoeuvres to improve 
glottic exposure, the application of cricoid pressure, 
endotracheal intubation by various routes, insertion of 
oropharyngeal and nasopharyngeal airway, insertion 
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of supraglottic airway device, front of neck access and 
fibreoptic bronchoscopy.These studies involve the 
measurement of parameters such as intubation time, 
laryngeal visualisation scores, first‑pass success rate, 
airway trauma, etc. The comparison of different airway 
devices in the manikins has always been a favourite of 
airway researchers.

Research on objective assessment of biomechanical 
parameters of trainees while performing procedures 
on manikins has also been conducted.[10] Manikins 
with different stages of neck flexibility and mouth 
opening, different tongue sizes including both, normal 
tongues and tongue swollen by inflating with air are 
available. Manikins with different positions of vocal 
cords eg-during laryngospasm, edentulous manikins  
and manikins  with different types of teeth including 
upper incisors that can break off or buck teeth 
when excessive force is applied are also available. 
A  simulated difficult airway can be created with an 
inflated tongue, cervical collar or elevation of the 
occiput. Replaceable airway parts like swollen posterior 
cartilages, elongated or notched epiglottis are available 
and these can be interchanged easily. In a prospective 
randomised controlled study published in this issue 
of the Indian Journal of Anaesthesia (IJA), a simulated 
difficult airway was created with a Philadelphia collar 
by the researchers in real‑life patients requiring one 
lung ventilation for thoracotomy and the efficacy of 
Airtraq DLTM and Macintosh laryngoscope for double 
lumen tube placement was compared.[11]

The more realistic the manikin, the more is its value 
in training and research. Manikins and simulators, 
though now occupy an important place in airway and 
respiratory research, there are various intricate facts 
that researchers using manikins should know.

MANIKIN STUDIES: APPEALING TO RESEARCHERS?

In real‑life patients, the need for informed consent 
from participants is important, whereas, patient 
consent is not required in manikin‑based research. 
A manikin offers a standardised patient with no 
physiological implications or contraindications. In fact, 
manikin‑based studies provide an option for research 
in situations where ethical issues pose a barrier, as in 
cases of objective assessment of technical competency 
of novices, where exposing the patients to the risk 
of invasive procedures is avoided.There are many 
misconceptions about the need for ethics committee 
approval for manikin‑based research; however, one 

has to remember that any study that is performed on 
the manikin will in all likelihood be extrapolated to 
real‑life scenarios and this may possibly compromise 
the patient safety and can lead to enhanced morbidity 
and mortality.Hence, ethics committee approval is 
justified for manikin‑based research studies.

The nuances of patient recruitment, risk of adverse 
effects and patient harm do not exist in manikin 
research. Manikins are readily available unlike 
real‑life patients. Modern manikins and simulators are 
strong and can withstand repeated use and application 
unlike real‑life patients who would get hurt, fatigued 
and may feel exploited.

CHALLENGES IN MANIKIN/SIMULATION‑BASED 
RESEARCH

Procurement of appropriate high fidelity manikins 
can incur additional costs especially in resource‑poor 
countries.The characteristics of the manikin such as 
intrinsic resistance and airway dead space may vary 
from model to model and these can impact peak 
pressure, tidal volume and other variables.[7] According 
to studies, cervical spine mobility and anatomical 
proportions such as the oral airspace, retro‑palatal 
airspace and pharyngeal airspace may be different 
in different airway trainer manikins. There can 
be variations between manikins from the same 
manufacturer.[12‑15] Manikin plasticity can change with 
repeated use and this can affect the force required 
for laryngoscopy.[16] Manikins can become stiff and 
non‑ compliant.[17] It is said that the manikin’s anatomy, 
material compliance and haptic qualities can affect 
the forces exerted by the distal laryngoscope blade 
during laryngoscopy and intubation.[12,18] Researchers 
have measured forces applied during laryngoscopy 
in different manikins, cadavers and humans with 
the help of strain gauges and sensors attached to the 
laryngoscope handle or blade.[16,19] In addition, the 
manikin anatomy is fixed. However, in humans, there 
exists a wide clinical variability. Also, a variety of 
clinical scenarios including copious oral secretions, 
oropharyngeal bleeding, fogging caused by body 
temperature and gag reflex can be encountered in 
real‑life clinical practice, but simulation cannot 
replicate these huge variations.[20]

The degree of realism too can vary between 
manikins.[16] Thus, the manikin used in the study may 
not accurately simulate human real‑life conditions and 
the results of manikin studies need to be interpreted 
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with a pinch of salt. Eventually, the transferability 
of these manikin‑based validation studies in the 
human subjects remains questionable. Furthermore, 
the evidence of effectiveness of this manikin‑based 
research in real‑life scenarios is mixed. Nevertheless, 
in a study, even with time as a dependent measure, 
there was no correlation between performance in 
simulation and clinical practice when training for  
fibreoptic bronchoscopy.[21]

WHAT TO KEEP IN MIND WHEN DOING MANIKIN/
SIMULATION‑BASED STUDIES?

The performance of an airway device in a manikin 
is affected by the physical attributes of the manikin. 
Blackburn et al. found that low‑fidelity airway manikins 
are not accurate when compared with adult humans. 
The airway space between the epiglottis and posterior 
pharyngeal wall was too large in these manikins.[21] The 
resemblance of the manikin to human morphometrics is 
important. Thus, the type of manikin that is selected can 
be an important factor that can affect the performance 
of the device that is being evaluated or researched 
upon.[17] Nevertheless, low fidelity manikins are most 
commonly used for device development.[17] Evaluation 
of the intrinsic resistance of the manikin is crucial 
for a comparative study or for evaluation of a single 
ventilation device. Whenever compared, manikins of 
the same model and produced by the same manufacturer 
should be used. The manikin used should replicate the 
anatomy of the human airway accurately and should 
be capable of providing a highly realistic experience. 
Also, one has to be careful while interpreting results of 
training and device evaluation in a single manikin.[16]

The value of simulation in airway management 
has now been proven beyond doubt. An increasing 
number of studies are being conducted using 
manikins and simulators as sources of data and 
as a venues for research. Manikin‑based studies 
including those related to coronavirus disease 2019 
have been published in the IJA too in the last few 
years.[23‑27]However, it is time that more research takes 
place on the characteristics of the numerous airway 
manikins and their correlation with characteristics 
of the real‑life human airways and their influence on 
respiratory and ventilatory parameters. This will help 
develop more accurate and realistic manikins and the 
research study conclusions and clinical outcomes 
obtained from studies using these manikins will be 
more practical and reliable. Guidelines and protocols 
on manikins and simulation‑based research need to be 

developed. Manikins with distorted airway anatomy 
due to thyroid or neck swellings, mediastinal mass, 
airway tumours need to be developed. The obstetric 
airway provides a rich fertile ground for research, but 
is unfortunately not much touched upon. Obstetric 
manikins with the anatomical changes of pregnancy, 
including oedematous airways with fragile airway 
linings need to be developed.

Though modern manikins are developed with the 
latest technology and are made to accurately resemble 
the human being,[17] the end users of manikin and 
simulation‑based research should be aware of the 
associated limitations. At this point of time, several 
questions arise:  Will the manikin be able to replace 
live animals, cadavers and real patients in device 
testing, training and research? Can the results of 
manikin‑based studies be directly translated to actual 
clinical practice? Are these manikin‑based studies, 
pilot studies whose results need to be further validated? 
It is time that we endeavour to produce high fidelity 
manikins, able to reproduce the airway anatomy and 
mechanics accurately. Nevertheless, manikin‑based 
research should not become a fast‑track (easy and fast to 
conduct) research in tune with the current trend of fast 
track publications. Research on the human airway has 
to go on, whether it is manikin or non-manikin‑based. 
Meanwhile, the question arises:  Where precisely do 
manikin based and simulation‑based studies lie in the 
hierarchy pyramid of evidence‑based medicine? They 
are certainly non‑human studies which should occupy 
the bottom part of the pyramid, but filtered (critically 
appraised) information is always placed at higher levels 
of evidence than non‑filtered (not critically appraised) 
information and hence the systematic reviews or 
meta-analyses of well‑structured and well-conducted 
scientific studies of simulation‑based research provide 
top quality evidence for evidential clinical practice. 
With the incorporation of sophisticated technology 
and artificial intelligence, are not modern manikins 
almost human too?
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INTRODUCTION

Ever since the coronavirus disease 2019  (COVID‑19) 
outbreak started in Wuhan in late December 2019, it 
has spread to every corner of the world.[1] This disease 
is transmitted by aerosol droplets, human contact 
and through fomites, with an incubation period of 
5–6 days (ranging from 1 to 14 days).[2,3] The virus is 
evolving rapidly and spreading exponentially all over 
the world. Ever since the pandemic has started, a 
number of studies on COVID‑19 have been published 
in literature. But most of these studies have a small 

sample size reported from a single centre. Also, earlier 
studies stated that mortality was higher in older people 
with co‑morbidities because of a weakened immune 
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ABSTRACT

Background and Aims: Coronavirus disease 2019 (COVID 19) has spread to every corner of the 
world and has led to significant health consequences, especially in patients with co morbidities. 
This study aimed to estimate the prevalence of co morbidities among COVID 19 patients in the 
Indian population and their association with mortality. Methods: PubMed, Google Scholar, and 
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prevalence was less than 4%. Additionally, the mortality risk was increased significantly in patients 
with CKD [odds ratio (OR) = 4.1], COPD (OR = 3.9), diabetes (OR = 3.7), cardiovascular diseases 
(OR = 4.07), tuberculosis (OR = 6.11), chronic liver disease (OR = 8.5), malignancy (OR = 1.89) 
and hypertension (OR = 2.9). Cerebrovascular diseases, hypothyroidism and asthma were not 
associated with increased mortality. Conclusion: Co-morbidities are more prevalent in COVID 
19 hospitalised patients and the presence of co morbidities is associated with increased risk of 
mortality in Indian COVID 19 patients.
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system. But with the passage of time, mortality in the 
younger generation without significant past medical 
history was noticed. Hence, whether co-morbidity 
plays a key role in increasing mortality remains 
doubtful. Various authors have conducted systematic 
reviews and meta‑analyses on the prevalence of 
co‑morbidities and their association with mortality.[4‑12] 
But as the clinical presentation and outcomes may 
vary among different ethnic groups, it is important 
to conduct a meta‑analysis of studies from the local 
population. This study was therefore conducted to 
estimate the prevalence of co‑morbidities and the 
association of these co‑morbidities with mortality in 
Indian COVID‑19 patients.

The primary aim of this meta‑analysis was estimating 
the prevalence of co‑morbidities among all categories of 
included COVID‑19 patients in the Indian population, 
no matter what the severity. The secondary aim was 
estimating the association of co‑morbidities with 
mortality in Indian COVID‑19 patients.

METHODS

Databases and search strategy
This study followed the Preferred Reporting Items 
for Systematic Reviews and Meta‑Analysis  (PRISMA) 
statement and checklist. Initially, PubMed search was 
conducted using Medical Subject Headings (MeSH) index 
terms and related keywords. Subsequently, analysis of 
the words within the title, abstract and index terms used 
to describe the articles was performed. Manual search 
of cross references was also done. Filter was applied 
to incorporate only full text articles. Articles with only 
abstracts were not included within the study. Other 
databases that were searched included Google Scholar 
and World Health Organization website. The study 
included articles published till 20 May 2021 in the above 
mentioned databases. The search strategy of one of the 
databases (PubMed) has been provided in Annexure 1. 
Boolean operators “AND” and “OR” were used as follows:
1)	 COVID‑19 OR 2019‑nCoV OR novel coronavirus 

OR SARS‑CoV‑2 OR Coronavirus.
2)	 Prevalence.
3)	 Co‑morbidities OR underlying diseases OR 

Cardiovascular Diseases OR Neoplasms OR 
Pulmonary Disease OR Asthma OR Hypertension 
OR Diabetes Mellitus OR Renal Insufficiency OR 
Cerebrovascular Disorders OR Hypothyroidism 
OR Liver Diseases OR Tuberculosis.

4)	 India.
5)	 (1) AND (2) AND (3) AND (4).

Inclusion criteria: Studies in English language 
published online that reported detailed epidemiological 
characteristics, prevalence of co‑morbidities and 
in‑hospital mortality were included. Also, studies that 
reported the prevalence of co‑morbidities without 
mortality were included only for the meta‑analysis of 
prevalence.

Exclusion criteria: Non‑human studies, case reports, 
systematic reviews with abstract only were excluded 
from the study. Also, studies with incomplete 
information, repeated studies, pre‑print articles, 
studies from countries outside India and studies 
merely classified on survival and death were excluded.

Initial screening of the abstract and title was done by 
two authors. The full texts of the selected studies were 
screened by four authors and were retrieved for further 
review. Whenever the study cohorts overlapped (i.e., 
cases were reported from same hospital and time 
period), the largest study was selected for inclusion. 
If studies had an overlapping cohort but reported 
the data for different analyses, both were included 
within the systematic review but were analysed 
separately. Any confusion during the study selection 
was resolved by discussion and consensus among the 
four authors. A detailed PRISMA flow diagram for the 
search strategy is demonstrated in Figure 1.

Risk of bias and study quality: [Annexure 2]
The Newcastle‑Ottawa Scale  (NOS), designed to 
evaluate the quality of non‑randomised studies, was 
employed to assess the risk of bias.[13] The NOS score 
ranges from 0 to 9 and consists of three categories: 
selection, comparability and outcome. Two authors 
independently assessed the studies for risk of bias

Information including authors, duration of clinical 
observation, the particular hospital and location 
that the cases came from, sample size, gender, age, 
proportion of the sample size having at least one 
co‑morbidity, proportion of common clinical symptoms 
among patients including fever, cough, myalgia, 
dyspnoea, gastrointestinal symptoms, sore throat, loss 
of taste and smell, rhinorrhoea and also asymptomatic 
patients were extracted from the literature. Also, 
number of patients with specific co‑morbidities 
including hypertension, diabetes mellitus, 
cardiovascular disease  (CVD), chronic obstructive 
pulmonary disease  (COPD), asthma, chronic liver 
disease  (CLD), chronic kidney disease  (CKD), 
cerebrovascular disease, hypothyroidism, pulmonary 
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tuberculosis  (TB) and malignancy were retrieved 
from the studies. Information regarding mortality 
rate was also noted. The pooled prevalence and 95% 
confidence intervals  (CI) were calculated for each of 
the selected co‑morbidities. Odds ratio (OR) with 95% 
CIs was also calculated for the estimated pooled risk 
of mortality with COVID‑19 infection as associated 
with each co‑morbidity. Random or fixed‑effect model 
was used based on the degree of heterogeneity of the 
included studies. Heterogeneity was assessed using 
Higgins I2 statistics and was graded as low (I2 <25%), 
moderate  (I2  =  25%‑50%) or high  (I2  >50%). 
Random-effects model was used to estimate pooled 
effects if I2  >50% and fixed‑effects model was 
applied to calculate pooled effects when I2 <50%.[14] 
Between‑study heterogeneity was investigated by fitting 
meta‑regression models to assess the associations 
between study effect size and different covariates. 
Meta‑regression was done using random effects 
multivariable meta‑regression models using restricted 
maximum likelihood (REML) approach, with the study 
effect size (i.e., OR) as the dependent variable and the 
study characteristic of interest which included the 
mean age of patients (median age was used if the mean 
was not reported), gender  (proportion of males), and 
all the co‑morbidities reported in this meta‑analysis as 
the independent variable. The potential for publication 

bias within meta‑analyses was evaluated by funnel 
plots and Egger’s test.[15] When results from funnel 
plots and Egger's test contradicted one another, we 
resorted to the results of Egger's test for reference. For 
meta‑analyses which reported significant publication 
bias, the pooled effect size was recalculated using 
the ‘trim and fill’ adjustment based on the Duval 
and Tweedle non‑parametric method.[16] All analyses 
were carried out in Comprehensive Meta‑Analysis 
Version 3.[17]

RESULTS

Study characteristics
The search strategy identified 214 studies. After 
removing duplicates, 60 studies remained, out 
of which 10 were commentaries, review articles, 
non‑clinical studies, and guidelines. After review of 
full text, a further 16 studies were excluded. Finally, 
we included 34 studies which included 23,034 
patients totally, of which 14,786  patients were male 
and 8,208 were females.[18‑51] One study did not 
mention distribution of the sample size between male 
and female. All the 34 studies were based on Indian 
population and were performed at different hospitals 
in India. All the included studies were further sorted by 
co‑morbidities, with 34 studies reporting hypertension, 
34 reporting diabetes, 26 reporting cardiovascular 
diseases, 22 reporting COPD, 22 reporting CKD, 15 
reporting hypothyroidism, 13 reporting malignancy, 
nine reporting asthma, eight reporting CLD, eight 
reporting cerebrovascular diseases and seven 
reporting pulmonary TB. Fever (25%) was the most 
prevalent symptom, followed by  cough (24.03%), 
dyspnoea (14.2%), sore throat (7.7%), myalgia (6.4%), 
gastrointestinal symptoms  (4.2%) and loss of taste 
and smell  (1.8%). Around 16.8% patients were 
asymptomatic. The age of the patients was distributed 
around 44  years. Male preponderance  (64.1%) was 
noted in this meta‑analysis [Table 1].

Meta‑analysis of prevalence of co‑morbidities in 
COVID‑19 cases
For pooled prevalence of different co‑morbidities 
among COVID‑19 patients refer to Table 2.

Prevalence of hypertension
Based on the random effects model after inclusion 
of 34 studies, the prevalence of hypertension among 
the confirmed COVID‑19 patients was 18.1% (95% CI, 
13.3 to 24.3%). Cochrane Q statistics showed 98.54% 
heterogeneity among the studies, which was high 
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and significant (Q = 2267.89, P = 0.00, I2 = 98.54%) 
[Figure 2].

Prevalence of diabetes mellitus
Based on the random effects model after inclusion of 
34 studies, the prevalence of diabetes mellitus among 
the confirmed COVID‑19  patients was 17.7%  (95% 
CI, 12.2 to 25.1%). Cochrane Q statistics showed 
99.07% heterogeneity among the studies which 
was high and significant (Q  =  3580.2, P  =  0.00, 
I2 = 99.07%) [Figure 2].

Prevalence of cardiovascular disease
Based on the random effects model after inclusion 
of 26 studies, the prevalence of CVD among the 
confirmed COVID‑19  patients was 7.7%%  (95% 
CI, 4.8 to 12. 1%). Cochrane Q statistics showed 
98.73% heterogeneity among the studies which 
was high and significant  (Q  =  1449.85, P  =  0.00, 
I2 = 98.73%) [Figure 2].

Prevalence of chronic obstructive pulmonary 
disease (COPD)
Based on the random effects model after inclusion of 22 
studies, the prevalence of COPD among the confirmed 
COVID‑19  patients was 2.3% (95% CI, 1.3 to 4.1%). 
Cochrane Q statistics showed 89.05% heterogeneity 
among the studies which was high and significant 
(Q = 191.91, P = 0.00, I2 = 89.057%) [Figure 2].

Prevalence of chronic kidney disease
Based on the random effect model after inclusion 
of 22 studies, the prevalence of CKD among the 
confirmed COVID‑19  patients was 3.3%  (95% 
CI, 2.1 to 5.2%). Cochrane Q statistics showed 
93.47% heterogeneity among the studies which 
was high and significant  (Q  =  321.69, P  =  0.00, 
I2 = 93.47%) [Figure 2].

Prevalence of hypothyroidism
Based on the random effect model after inclusion of 
15 studies, the prevalence of hypothyroidism among 
the confirmed COVID‑19  patients was 7.9% (95% CI, 
4.6 to 13.4%). Cochrane Q statistics showed 96.86% 
heterogeneity among the studies which was high and 
significant (Q = 447.106, P = 0.00, I2 = 96.86%) [Figure 2].

Prevalence of malignancy
Based on the random effects model after inclusion 
of 13 studies, the prevalence of malignancy among 
the confirmed COVID‑19  patients was 2.8%  (95% 
CI, 1.4 to 5.4%). Cochrane Q statistics showed 
92.48% heterogeneity among the studies which 
was high and significant (Q  =  159.62, P  =  0.00, 
I2 = 92.48%) [Figure 2].

Prevalence of asthma
Based on the random effects model after inclusion 
of nine studies, the prevalence of asthma among the 
confirmed COVID‑19  patients was 2.0%  (95% CI, 
0.9 to 4.3%). Cochrane Q statistics showed 88.41% 
heterogeneity among the studies which was high 
and significant (Q = 69.035, P = 0.00, I2 = 88.41%) 
[Figure 2].

Prevalence of chronic liver disease
Based on the random effects model after inclusion 
of eight studies, the prevalence of CLD among the 
confirmed COVID‑19  patients was 2.8% (95% CI, 
0.5 to 15.5%). Cochrane Q statistics showed 98.36% 
heterogeneity among the studies which was high and 
significant (Q  =  427.772, P  =  0.000, I2  =  98.36%) 
[Figure 2].

Prevalence of cerebrovascular disease
Based on the fixed effects model after inclusion of 
eight studies, the prevalence of cerebrovascular 

Table 2: Meta‑analysis of pooled prevalence of co‑morbidities in COVID‑19 patients
Disease n Prevalence Lower 

limit
Upper 
limit

P I²(%) Egger's (P) After trim and fill 
Prevalence (95%CI)one‑tailed two‑tailed

Hypertension 34 18.1 13.3 24.3 P=0.000 98.54 0.39 0.78
Diabetes 34 17.7 12.2 25.1 P=0.000 99.07 0.14 0.29
CVD 26 5.6 3.1 9.9 P=0.000 98.73 0.000 0.000 7.7 (4.8 to12.1)
COPD 22 2.3 1.3 4.1 P=0.000 89.05 0.32 0.65
Hypothyroidism 15 5.7 2.9 10.8 P=0.000 96.86 0.000 0.000 7.9 (4.6 to 13.4)
CKD 22 3.3 2.1 5.2 P=0.000 93.47 0.28 0.56
Asthma 9 2.0 0.9 4.3 P=0.000 88.41 0.24 0.48
CLD 8 2.8 0.5 15.5 P=0.000 98.36 0.000 0.000 no change
Malignancy 13 2.8 1.4 5.4 P=0.000 92.48 0.03 0.06 no change
Cerebrovascular diseases 8 3.5 2.6 4.9 P=0.000 47.59 0.42 0.84
TB 7 2.3 1.2 4.6 P=0.000 67.78 0.46 0.92
n=Number of studies, CVD=Cardiovascular diseases, COPD=Chronic obstructive pulmonary disease, CKD=Chronic kidney disease, CLD=Chronic liver disease, 
TB=Tuberculosis, CI=Confidence interval
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disease among the confirmed COVID‑19 patients was 
3.5%  (95% CI, 2.6 to 4.9%). Cochrane Q statistics 
showed 47.59% heterogeneity among the studies 
which was moderate and not significant (Q = 13.35, 
P = 0.06, I2 = 47.59%) [Figure 2].

Prevalence of pulmonary tuberculosis
Based on the random effects model after inclusion of 
seven studies, the prevalence of pulmonary TB among 
the confirmed COVID‑19  patients was 2.3% (95% CI, 

1.2 to 4.6%). Cochrane Q statistics showed 67.78% 
heterogeneity among the studies which was high and 
significant (Q = 18.626, P = 0.01, I2 = 67.78%) [Figure 2].

Publication bias for prevalence study:
The risk of publication bias was found significant 
for prevalence of CVD, hypothyroidism, malignancy 
and CLD [Figure 3]. However, when trim and fill was 
applied, point estimates changed only for CVD and 
hypothyroidism [Table 3].

Figure 2: Forest plots of prevalence of co‑morbidities in COVID‑19 patients. Parts for each co‑morbidity are arrayed in the figure orderly as 
follows: a) Hypertension b) Diabetes c) Chronic obstructive pulmonary disease d) Cardiovascular diseases e) Chronic kidney disease f) Chronic 
lung disease g) Malignancy h) Hypothyroidism i) Asthma j) Tuberculosis k) Cerebrovascular diseases
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Meta‑analysis of association of co‑morbidities with 
mortality in COVID‑19 cases
Compared with patients without co‑morbidities, 
mortality risk was significantly increased in 
those patients with CKD  [OR  =  4.1  (95%CI 
1.53 to 11.05], COPD  [OR  =  3.96  (95%CI 2.31 
to 6.78)], diabetes  [OR  =  3.7  (95%CI 2.60 to 
5.28)], CVD  [OR  =  4.07  (95%CI  (3.02 to 5.47)], 
TB  [OR  =  6.11  (95%CI 2.25 to 16.5)], CLD 
[OR  =  8.5  (95%CI 1.92 to 37.8)], hypertension 

[OR  =  2.9  (95%CI 2.07 to 4.0)] and malignancy 
[OR = 1.89 (95%CI 1.03 to 3.46)]. However, patients 
with hypothyroidism, asthma and cerebrovascular 
diseases did not show significant association 
with mortality  [Figure  4, Table  4]. According to 
Cochran’s Q test results, hypertension, diabetes, 
CKD, asthma and cerebrovascular diseases had 
I2  >  50%  (P  <  0.01) and thus were heterogeneous. 
No obvious heterogeneity  (I2 ranged from 0 to 
24.4%) existed among other co‑morbidities. Thus, 

Figure 3: Funnel plots of prevalence of co‑morbidities in COVID‑19 patients. Parts for each co‑morbidity are arrayed in the figure orderly as 
follows: a) Hypertension b) Diabetes c) Chronic obstructive pulmonary disease (COPD) d) Cardiovascular diseases (CVD) e) Chronic kidney 
disease (CKD) f) Chronic liver disease (CLD) g) Malignancy h) Hypothyroidism i) Asthma j) Cerebrovascular diseases k) Tuberculosis
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there was significant heterogeneity in studies that 
tested mortality in hypertension, diabetes, CKD, 
asthma and cerebrovascular disease. However, 
heterogeneity completely disappeared in studies that 
tested mortality for hypothyroidism, COPD, CVD, 
malignancy, CLD and TB. The risk of publication 
bias was found to be statistically significant in two 
of the meta‑analyses undertaken namely, CVD and 

TB. Also, publication bias could not be calculated 
for asthma and cerebrovascular diseases because 
of inadequate number of studies in both  [Figure  5]. 
When trim and fill analyses were applied, both CVD 
and TB showed changes in point estimates [Table 3]. 
As heterogeneity  (I2  >50%) was observed in the 
meta-analysis of association of some co‑morbidities 
with mortality, a meta‑regression analysis was 

Table 3: Results of trim and fill analyses completed where publication bias was statistically significant
Meta‑analysis Pooled effect 

size (95% CI)
Egger’s test for 

publication bias (P)
Pooled effect size 

(95% CI), after trim and fill
Prevalence of CVD 5.6 (3.1 to 9.9) 0.000, 0.000 7.7 (4.8 to12.1)
Prevalence of hypothyroidism 5.7 (2.9 to 10.8) 0.000, 0.000 7.9 (4.6 to 13.4)
Prevalence of CLD 2.8 (0.5 to 15.5) 0.000, 0.000 2.1 (0.4 to 11.6)
Prevalence of cancer 2.8 (1.4 to 5.4) 0.030, 0.061 2.6 (1.4 to 4.9)
OR of hypertension and mortality 2.9 (2.08 to 4.06) 0.06, 0.13 3.5 (2.48 to 5.07)
OR of CVD and mortality 3.17 (2.27 to 4.41) 0.02, 0.041 4.07 (3.02 to 5.47)
OR of TB and mortality 3.55 (1.17 to 10.81) 0.04, 0.09 6.11 (2.25 to 16.56)
CVD=Cardiovascular diseases, CLD=Chronic liver disease, TB=Tuberculosis, CI=Confidence interval

Figure 4: Forest plots of odds ratio of association of mortality with co‑morbidities in COVID‑19 patients. Parts for each co‑morbidity are arrayed in 
the figure orderly as follows: a) Hypertension b) Diabetes c) Hypothyroidism d) Chronic kidney disease e) Chronic obstructive pulmonary disease 
f) Cardiovascular diseases g) Malignancy h) Chronic lung disease i) Asthma j) Tuberculosis k) Cerebrovascular diseases
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done to estimate the effect of covariates  (mean/
median age of the patients, % males in the study, 

co‑morbidities) on mortality with COVID‑19. As most 
of the co‑morbidities often co‑exist, it was necessary 

Table 4: Meta‑analysis of association of co‑morbidities with mortality (pooled OR) in COVID‑19 patients
Disease n OR Lower 

limit
Upper 
limit

P I² (%) Egger's (P) After trim and fill 
OR (95%CI)one‑tailed two‑tailed

Hypertension 10 2.90 2.07 4.06 P=0.00 60.17 0.07 0.13
Diabetes 10 3.71 2.61 5.28 P=0.00 62.64 0.24 0.48
Hypothyroidism 5 1.26 0.71 2.25 P=0.44 0 0.18 0.37
CKD 5 4.1 1.53 11.05 P=0.005 69.51 0.49 0.98
Asthma 2 1.22 0.19 7.93 P=0.83 73.22 ** **
COPD 7 3.96 2.31 6.78 P=0.00 0 0.15 0.3
CVD 8 3.17 2.27 4.42 P=0.00 19.35 0.02 0.041 4.07 (3.02 to 5.47)
Malignancy 6 1.89 1.03 3.46 P=0.04 0 0.354 0.71
CLD 3 8.53 1.92 37.89 P=0.005 0 0.44 0.89
Cerebro vascular diseases 2 3.05 0.68 13.79 P=0.15 70.29 ** **
TB 3 3.55 1.17 10.81 P=0.03 27.76 0.04 0.09 6.11 (2.25 TO 16.56)
n=Number of studies, CVD=Cardiovascular diseases, COPD=Chronic obstructive pulmonary disease, CKD=Chronic kidney disease, CLD=Chronic liver disease, 
TB=Tuberculosis, OR=Odds ratio, CI=Confidence interval

Figure 5: Funnel plots of odds ratio of association of mortality with co‑morbidities in COVID‑ 19 patients. Parts for each co‑morbidities are arrayed 
in the figure orderly as follows: a) Hypertension b) Diabetes c) Hypothyroidism d) Chronic kidney disease (CKD) e) Chronic obstructive pulmonary 
disease(COPD) f) Cardiovascular diseases (CVD) g) Malignancy h) Chronic liver disease (CLD) i) Tuberculosis (TB)
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Table 5: Results of meta‑regression analyses of odds ratio (association of co‑morbidity with mortality)
Covariate Coefficient Standard error 95% Z Two‑sided

Lower Upper P
Intercept ‑9.21 3.03 ‑15.16 ‑3.26 ‑3.04 0.00
Age 0.13 0.07 ‑0.07 0.26 1.86 0.06
Male ‑0.0004 0.00 ‑0.0009 0.0001 ‑1.72 0.08
COPD: YES 0.19 1.06 ‑1.88 2.27 0.18 0.85
CVD: Yes 0.50 1.11 ‑1.67 2.69 0.46 0.64
Asthma: Yes ‑0.55 0.71 ‑1.94 0.83 ‑0.78 0.43
CKD: Yes 1.37 0.86 ‑0.30 3.05 1.6 0.10
Hypothyroidism: Yes 0.27 0.84 ‑1.37 1.91 0.33 0.74
CLD: Yes 0.54 0.60 ‑0.64 1.72 0.9 0.36
Cancer: Yes ‑0.85 0.67 ‑2.16 0.47 ‑1.26 0.20
TB: Yes 0.93 0.93 ‑0.90 2.76 1 0.31
Cerebro vascular 
diseases: Yes

‑0.68 0.74 ‑2.12 0.77 ‑0.92 0.35

Age was mean age of study population where reported, otherwise median was used. CVD=Cardiovascular diseases, COPD=Chronic obstructive pulmonary 
disease, CKD=Chronic kidney disease, CLD=Chronic liver disease, TB=Tuberculosis

to perform multivariate meta‑regression to find out 
if the co‑morbidities independently influenced the 
mortality or not. We considered all covariates which 
were identified among study groups such as age, 
gender, co‑morbidities like hypertension, diabetes, 
COPD, CKD, CLD, asthma, malignancy, CVD, TB, 
cerebrovascular diseases and hypothyroidism for 
meta‑regression. All meta‑regressions were done 
using the application of REML approach and random 
effects. For all, statistical significance was set at 
P  <  0.05  (two‑tailed). As hypertension and diabetes 
were present in all the patients of all the study 
groups, their influence on the outcome could not be 
assessed by meta‑regression. Although covariates 
like percentage of males in the study, patients with 
asthma, malignancy and cerebrovascular diseases 
showed negative coefficient, their P  values were all 
statistically non‑significant. Similarly, covariates 
like age, patients with COPD, heart diseases, CKD, 
hypothyroidism, CLD and TB showed positive 
coefficient, but their P  values were again statically 
non‑significant. The multivariate meta‑regression 
results showed no statistically significant association 
between either mean age or the proportion of males or 
co‑morbidities in the study population with estimated 
OR for mortality which means the covariates were 
not independently associated with mortality. Thus, 
from the results of meta‑regression, we may conclude 
that co‑morbidities are not independently associated 
with mortality in COVID‑19, but are influenced by 
co‑existing factors like age of the study population, 
percentage of males in the population and the presence 
of other co‑morbidities in the study population 
[Table 5].

DISCUSSION

Although systematic reviews and meta‑analyses have 
been previously done by various authors, this study 
is the first one to be done exclusively in the Indian 
population. Most of the other meta‑analyses have been 
done in the Chinese population or global population 
as a whole.

The meta‑analysis included 34 studies with 
23034  patients, all from the Indian subcontinent. 
The mean age of the patients was distributed around 
44  years. This may be due to the fact that the 
younger population does not show severe symptoms 
and hence is not referred to the hospitals thereby 
remaining undiagnosed. The meta‑analysis showed 
male preponderance (64.1% males and 35.6% females) 
towards COVID‑19 infection, a finding which is 
consistent with other meta‑analyses.[4,6,8,9] The meta 
analysis also identified hypertension and diabetes as 
the most common co‑morbidities in COVID‑19 patients, 
followed by CVD and hypothyroidism. According to 
the National Family Health Survey 5, the prevalence 
of diabetes was 13.5 and 15.6 in males and females, 
respectively, while the prevalence of hypertension 
was 21.3 and 24.0 in males and females, respectively. 
Baradaran A et  al.,[4] Singh et  al.,[5] Li B et  al.,[7] Yin 
et  al.,[8] Emami et  al.[9] and J. Yang et  al.[12] also 
unanimously reported hypertension to be the most 
prevalent co‑morbidity in COVID‑19 patients followed 
by diabetes and CVD. However, prevalence rates 
reported by Espinosa et al. were higher as compared to 
our study [Table 6]. This could be due to the fact that 
Espinosa et al.[10] obtained prevalence rates from the 
entire COVID‑19 positive population, whereas in other 
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studies, the prevalence rates were calculated only 
from those COVID‑19 patients who were admitted in 
hospitals. The prevalence of diabetes is higher in Indian 
COVID‑19 patients compared to other countries which 
can be explained by the overall higher prevalence of 
diabetes in the Indian population as compared to the 
prevalence worldwide.[52]

The higher prevalence of these co‑morbidities 
in COVID‑19  patients may be explained by the 
severe acute respiratory syndrome coronavirus 
2  (SARS‑CoV‑2) cell entry mechanism. SARS‑CoV‑2 
contains a receptor‑binding domain  (RBD) that 
recognises angiotensin‑converting enzyme 2  (ACE2) 
as its receptor.[53] ACE2 receptor is commonly 
identified in the epithelial cells of the lungs, intestine, 
kidney and blood vessel.[54] ACE inhibitors  (ACE‑I) 
and angiotensin II type  1 receptor blockers  (ARBs) 
are commonly used for treating diabetes, CVD and 
hypertension.[55] Consequently, increased expression 
of ACE2 receptor may promote the internalisation of 

SARS‑CoV‑2, which in turn may increase the chances 
of developing COVID‑19. In the current meta‑analysis, 
CKD, cerebrovascular diseases and malignancy were 
found in around 3% of the patients, while respiratory 
disorders  (COPD and TB) were found in 2% of the 
population. CLD was also found in 2% of the patients. 
The lowest prevalence was found for asthma.

The present study also evaluated the association 
between co‑morbidities and mortality in 
COVID‑19  patients. It was found that TB had 
the strongest association with mortality in 
COVID‑19  patients despite having low prevalence. 
Tamuzi et al.[56] too showed similar findings in their 
meta‑analysis. The current meta‑analysis showed 
that hypertension, diabetes, CVD, CLD and cancer 
also have significant association with mortality. Also, 
although patients had a lower prevalence of TB, CKD 
and COPD, the association with mortality was found to 
be high. Hypothyroidism, asthma and cerebrovascular 
diseases did not show significant association with 

Table 6: Comparison of prevalence of co‑morbidities in COVID‑19 patients in different studies
Disease Baradaran A 

et al.[4]
Singh 
et al.[5]

Li B 
et al.[7]

Yin 
et al.[8]

Emami 
et al.[9]

Espinosa 
et al.[10]

Yang J 
et al.[12]

Our 
study

 Prevalence (%), (95%CI)
Hypertension 21% 22.9% 17.1% 19% 16% 32% 21.1% 18.1%
Diabetes 11% 11.5% 9.7% 9% 22% 9.7% 17.7%
CVD 5.8% 9.7% 6% 12.11% 13% 8.4% 7.7%
COPD 2% 3.1% 3% 0.95% 8% 1.5% 2.3%
Hypothyroidism 7.9%
CKD 3.6% 2.4% 2% 0.83% 5% 3.3%
Asthma 3% 2%
CLD 2.9% 3% 2% 2.8%
Cancer 2.7% 3.9% 1% 0.92% 3% 2.8%
Cerebrovascular diseases 2.4% 3.0% 3% 2% 3.5%
TB 2.3%
CVD=Cardiovascular diseases, COPD=Chronic obstructive pulmonary disease, CKD=Chronic kidney disease, CLD=Chronic liver disease, TB=Tuberculosis, 
CI=Confidence interval

Table 7: Comparison of meta‑analyses for association of mortality with co‑morbidities in different studies
Disease Singh et al.[5](RR) Ng et al.[11] Biswas et al.[6](RR) Our study (OR)

OR/RR/HR (95%CI)
Hypertension 1.53 (0.86‑2.71) HR 2.1 (1.50‑2.90) 1.95 (1.58‑2.40) 2.904 (2.07‑4.06)
Diabetes 1.83 (0.89‑3.73) HR 1.94 (1.54‑2.46) 1.97 (1.48–2.64) 3.7 (2.60‑5.27)
CVD 1.88 (1.41‑2.51) 3.05 (2.20–4.25) 4.07 (3.02‑5.47)
COPD 1.53 (1.03‑2.28) 2.74 (2.04–3.67) 3.95 (2.3 to 6.77)
Hypothyroidism 1.26 (0.7 to 2.24)
CKD 1.84 (1.03‑3.30) HR 1.28 (0.89‑1.67) 4.90 (3.04–7.88) 4.1 (1.52 to 11.04)
Asthma 1.22 (0.18 to 7.9)
CLD 1.64 (0.82‑3.28) 8.5 (1.91 to 37.89)
Cancer 1.77 (1.08‑2.88) OR 1.63 (1.01‑2.00). 1.89 (1.25‑2.84) 1.89 (1.03 to 3.46)
Cerebrovascular diseases 2.48 (2.14‑2.86) 4.78 (3.39–6.76) 3.5 (0.67 to 13.7)
TB 6.11 (2.25‑16.56)
CVD=Cardiovascular diseases, COPD=Chronic obstructive pulmonary disease, CKD=Chronic kidney disease, CLD=Chronic liver disease, TB=Tuberculosis, 
CI=Confidence interval. OR=Odds ratio, RR=Relative Risk, HR=Hazard ratio
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mortality. We compared three recent meta‑analyses 
on the association of co‑morbidities with mortality 
in COVID‑19 infection  [Table  7]. All the authors of 
these meta‑analyses have agreed that hypertension, 
diabetes, CVD and cancer are associated with increased 
mortality in COVID‑19  patients. Singh et  al.[5] and 
Biswas et  al.[6] found high association of CKD and 
COPD with mortality similar to our study. The higher 
association of mortality with diabetes, hypertension 
and CVD can be due to the induction of cytokine storm, 
a weakened immune system and hypercoagulability 
induced by these co‑morbidities.[57,58] Similarly, the use 
of immunosuppressive drugs in cancer patients could 
be the reason for the increased mortality associated 
with it.[59] We found an OR of 4.1 and 3.95 in CKD and 
COPD patients respectively which indicates that they 
are strongly associated with mortality once infected. 
Elevated ACE‑2 expression in bronchial epithelial cells 
might be the reason for this exacerbated progression in 
COPD patients.[60] Also, COPD causes systemic hypoxia 
and hence can cause exaggerated cytokine storm. 
Alterations in ACE‑2 receptor expression and altered 
immune system may also be the reason for increased 
risk of mortality with CKD.[61] Also, increased ACE‑2 
expression at both mRNA and protein levels has been 
found in patients with heart failure. Therefore, if 
patients with CVD become infected with SARS‑CoV‑2, 
they have a higher risk of poor outcome, a finding 
which has been observed in the present study.[62]

None of the meta‑analyses have mentioned the impact 
of hypothyroidism on COVID‑19. However, individual 
studies done in some centres did not get significant 
association of mortality with hypothyroidism.[63] In the 
present study too, we did not get significant association 
of mortality with hypothyroidism. Therefore, we might 
conclude that no additional precaution is required for 
patients with hypothyroidism. Also, obesity is being 
speculated to have an important association with 
mortality in COVID‑19 patients as per some reports.[64] 
Nevertheless, in the current meta‑analysis, only one 
study by Dosi et al.[46] has mentioned body mass index 
and hence we could not investigate this association.

Although this systematic review and meta‑analysis 
was based on a comprehensive search strategy of 
multiple databases, there are certain limitations. 
The cases selected for individual studies might not 
be representative of the entire infected population, 
especially the asymptomatic cases, because of local 
policies for testing COVID‑19, and the fact that most of 
the studies only included cases admitted to hospital. 

Also, values of prevalence and OR reported in this 
review may not reflect true population rates and hence 
need to be interpreted with caution. A further limitation 
is that most of the studies reported in India are from 
apex institutes of major cities like Delhi, Chandigarh, 
Chennai, Mumbai and Jaipur. Also, studies from 
north‑eastern, hilly regions and rural populations 
of India are lacking in literature which again limits 
generalisability of the results. Another limitation of 
the review is that we did not include studies from 
the Indian population outside India. This is because 
we wanted to study the mortality from COVID‑19 
with respect to the socio‑economic conditions 
prevalent in India. Additionally, although studies 
with overlapping cohorts were carefully removed, it 
was not possible to identify every possible overlap 
among all the studies. Although many co‑morbidities 
are co‑existing, very few studies have given us data on 
co‑existent co‑morbidities. So again, data is lacking on 
this aspect of co‑morbidities which would otherwise 
be a useful factor to assess. Nevertheless, persons 
with co‑morbidities like diabetes, hypertension, CKD 
and cancer are at high risk of mortality even in the 
absence of COVID‑19.[65‑68] These limitations may 
contribute to the overestimation or underestimation 
of the prevalence of co‑morbidities and its role in 
the exacerbation of SARS‑CoV‑2 leading to fatal 
outcomes. Another limitation of the present study was 
that we were not able to find the correlation between 
co‑morbidities and severity of COVID‑19 infections 
because of lack of sufficient studies reporting the 
same. Also, we could not report post‑COVID‑19 
complications (pulmonary fibrosis, fungal infections, 
etc.) in patients with co‑morbidities again because 
of lack of literature in this regard. In meta‑analyses, 
it is recommended that publication bias is always 
assessed by statistical methods. However, currently 
available methods, such as the funnel plot and the 
Egger's regression test, are not considered useful tools 
in studies on proportions.[69] Finally in our study, 
seven co‑morbidities were statistically significant for 
publication bias using Egger's test. When trim and fill 
was applied, study estimates changed for prevalence 
of CVD and hypothyroidism, and OR of hypertension, 
CVD and TB. Results from the meta‑analysis where 
publication bias was significant, and study estimates 
changed after trim and fill should be reported with 
caution. Also, publication bias for OR of asthma and 
cerebrovascular diseases could not be assessed due 
to insufficient studies and hence, its point estimates 
should again be reported with caution.
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The results of this meta‑analysis will help to identify 
high risk cases which can be used as admission criteria 
to hospitals in order to minimise the burden of an 
already overwhelmed health infrastructure. Also, this 
information can be used to educate the high‑risk groups 
and encourage them to practise social distancing and 
self‑isolation. The higher mortality in COVID-19 
associated with these chronic conditions also warrants 
development of vaccination policies for this group. 
The perioperative challenges posed by the association 
of co‑morbidities like diabetes and hypertension in 
COVID‑19 and post‑COVID‑19  patients have already 
been reported and discussed in previous literature.[70] 
Nevertheless, this meta‑analysis provides evidence on 
the risk of mortality associated with co‑morbidities 
and this can help improve clinical decision‑making 
in a world that is currently facing difficulty in the 
practice of evidence‑based medicine.[71]

CONCLUSION

Co‑morbidities such as hypertension, diabetes 
mellitus, hypothyroidism and CVD are more 
prevalent in COVID‑19 hospitalised patients and 
the presence of co‑morbidities with COVID‑19 is 
associated with increased risk of mortality in the 
Indian population. Patients with hypertension, 
diabetes, CVD, malignancy, TB, CLD, CKD and COPD 
are at a high risk for mortality whereas patients with 
hypothyroidism, cerebrovascular diseases and asthma 
do not have an increased risk when compared to the 
general population.
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Annexure 1: Search Strategy for PUBMED
Search Actions Details Query Results Time
#6 ... Search: (((COVID-19[MeSH] OR 2019-nCoV[MeSH] OR novel coronavirus[MeSH] 

OR SARS-CoV-2[MeSH] OR Coronavirus [MeSH]) AND (Prevalence[MeSH])) 
AND (Comorbidities[MeSH] OR underlying diseases[MeSH] OR Cardiovascular 
Diseases [MeSH] OR Neoplasms [MeSH] OR Pulmonary Disease[MeSH] 
OR Asthma[MeSH] OR Hypertension[MeSH] OR Diabetes Mellitus[MeSH] 
OR Renal Insufficiency[MeSH] OR Cerebrovascular Disorders[MeSH] OR 
Hypothyroidism[MeSH] OR Liver Diseases[MeSH] OR Tuberculosis[MeSH])) AND 
(India[MeSH]) Filters: Full text

54 09:01:37

#5 ... Search:  (((COVID-19[MeSH] OR 2019-nCoV[MeSH] OR novel 
coronavirus[MeSH] OR SARS-CoV-2[MeSH] OR Coronavirus [MeSH]) AND 
(Prevalence[MeSH])) AND (Comorbidities[MeSH] OR underlying diseases[MeSH] 
OR Cardiovascular Diseases [MeSH] OR Neoplasms [MeSH] OR Pulmonary 
Disease[MeSH] OR Asthma[MeSH] OR Hypertension[MeSH] OR Diabetes 
Mellitus[MeSH] OR Renal Insufficiency[MeSH] OR Cerebrovascular 
Disorders[MeSH] OR Hypothyroidism[MeSH] OR Liver Diseases[MeSH] OR 
Tuberculosis[MeSH])) AND (India[MeSH])

56 09:01:29

#4 ... Search: India[MeSH] 112,878 08:57:53
#3 ... Search: Comorbidities[MeSH] OR underlying diseases[MeSH] OR Cardiovascular 

Diseases [MeSH] OR Neoplasms [MeSH] OR Pulmonary Disease[MeSH] 
OR Asthma[MeSH] OR Hypertension[MeSH] OR Diabetes Mellitus[MeSH] 
OR Renal Insufficiency[MeSH] OR Cerebrovascular Disorders[MeSH] OR 
Hypothyroidism[MeSH] OR Liver Diseases[MeSH] OR Tuberculosis[MeSH]

7,619,957 08:57:15

#2 ... Search: Prevalence[MeSH]
“prevalence”[MeSH Terms]

322,625 08:55:59

#1 ... Search: COVID-19[MeSH] OR 2019-nCoV[MeSH] OR novel coronavirus[MeSH] 
OR SARS-CoV-2[MeSH] OR Coronavirus [MeSH]
“covid 19”[MeSH Terms] OR “sars cov 2”[MeSH Terms] OR “sars cov 2”[MeSH 
Terms] OR “sars cov 2”[MeSH Terms] OR “coronavirus”[MeSH Terms]

140,910 08:55:10

Contd...
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Study ‑
author 

name,year 
(study 

design) 

Selection 
Compara

bility Outcome 
Total 
Stars 

Represent
ativeness 

of 
exposed 
cohort 

Selection 
of non‑

exposed 
cohort 

Ascertai
nment of 
exposur

e 

Outcome 
of interest 

not 
present at 

start of 
study 

Comparab
ility of 

cohorts on 
the basis 

of the 
design or 
analysis 

Assess
ment of 
outcome 

Follow‑
up long 
enough 

for 
outcome

s to 
occur 

Adequ
acy of 
follow‑
up of 
cohort 

P.Mohandas  
et al. 

2020(RETRO 
OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Mithal A, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Soni, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Singla N, et 
al.2020 
(PROSP 
DESCRI) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Sherwal, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Pande D, et 
al.2020 

(RETRO CASE 
SERIES) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Mohan A, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

KAYINA, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Krishnasamy 
N, et al.2020 

(RETRO 
OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Sharma A.K. 
et al.2020 

(RETRO 
COHORT) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Saxena, et al. 
2020 

(RETRO 
COHORT) 

★ ★ ★ ★ ★ ★  ★ 7; good 

Gupta N, et 
al.2020 

(DESCRI CASE 
SERIES) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Gupta N, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Gaur A, et 
al.2020 

(DESCRI CASE 
SERIES) 

★ ★ ★ ★ ★ ★  ★ 7. good 

Bhandari S, 
et al. 2020 

(RETRO 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 
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OBSERV 
DESCRI) 

Bhandari S, 
et al. 2020 

(PROSP 
OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Jain AC, et 
al.2020 
(RETRO 

OBSERV) 

★ ★ ★  ★ ★ ★ ★ 7; good 

K 
Revathishree 

et al.2020 
(PROSP 
DESCRI) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Suresh, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Charvi Patel, 
et al. 2020 

(RETRO 
OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Aggarwal  A,  
et al. 2020 

(RETRO CASE 
SERIES) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Gurtoo A, et 
al. 2020 
(RETRO 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Sherwal, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Pande D, et 
al.2020 

(RETRO CASE 
SERIES) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Mohan A, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

KAYINA, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Krishnasamy 
N, et al.2020 

(RETRO 
OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Sharma A.K. 
et al.2020 

(RETRO 
COHORT) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Saxena, et al. 
2020 

(RETRO 
COHORT) 

★ ★ ★ ★ ★ ★  ★ 7; good 

Gupta N, et 
al.2020 

(DESCRI CASE 
SERIES) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Gupta N, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Gaur A, et 
al.2020 

(DESCRI CASE 

★ ★ ★ ★ ★ ★  ★ 7. good 
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SERIES) 
Bhandari S, 
et al. 2020 

(RETRO 
OBSERV 
DESCRI) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Bhandari S, 
et al. 2020 

(PROSP 
OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Jain AC, et 
al.2020 
(RETRO 

OBSERV) 

★ ★ ★  ★ ★ ★ ★ 7; good 

K 
Revathishree 

et al.2020 
(PROSP 
DESCRI) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Suresh, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Charvi Patel, 
et al. 2020 

(RETRO 
OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Aggarwal  A,  
et al. 2020 

(RETRO CASE 
SERIES) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Gurtoo A, et 
al. 2020 
(RETRO 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Sherwal, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Pande D, et 
al.2020 

(RETRO CASE 
SERIES) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Mohan A, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

KAYINA, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Krishnasamy 
N, et al.2020 

(RETRO 
OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Sharma A.K. 
et al.2020 

(RETRO 
COHORT) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Saxena, et al. 
2020 

(RETRO 
COHORT) 

★ ★ ★ ★ ★ ★  ★ 7; good 

Gupta N, et 
al.2020 

(DESCRI CASE 
SERIES) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Gupta N, et 
al.2020 
(PROSP 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 
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OBSERV) 
Gaur A, et 

al.2020 
(DESCRI CASE 

SERIES) 

★ ★ ★ ★ ★ ★  ★ 7. good 

Bhandari S, 
et al. 2020 

(RETRO 
OBSERV 
DESCRI) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Bhandari S, 
et al. 2020 

(PROSP 
OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Jain AC, et 
al.2020 
(RETRO 

OBSERV) 

★ ★ ★  ★ ★ ★ ★ 7; good 

K 
Revathishree 

et al.2020 
(PROSP 
DESCRI) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Suresh, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Charvi Patel, 
et al. 2020 

(RETRO 
OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Aggarwal  A,  
et al. 2020 

(RETRO CASE 
SERIES) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Gurtoo A, et 
al. 2020 
(RETRO 
OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Jain P, et 
al.2020 
(CROSS 

SECTIONAL 
OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

R. Yadav, et 
al.2020 
(PROSP 

COHORT) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Tambe MP, 
et al.2020 

(CROSS 
SECTIONAL 

DESCRI )  

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Prakash S, et 
al.2020 
(RETRO 
OBSERV  
CROSS 

SECTIONAL) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Sharma S, et 
al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★  7; good 

Dosi R, et 
al.2020 
(RETRO 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Agarwal N, et 
al.2020 

(OBSERV 

★ ★ ★ ★ ★ ★  ★ 7; good 

RETRO=Retrospective, OBSERV=Observational, PROSP=Prospective, LONGI=Longitudinal, 
DESCRI=Descriptive 

LONGI) 
Gupta A, et 

al.2020 
(PROSP 

OBSERV) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Marimuthu 
Y, et al.2020 

(RECORD 
BASED 
LONGI) 

★ ★ ★ ★ ★ ★ ★ ★ 8; good 

Mathur A , et 
al. 2020 
(OBSERV 
CROSS 

SECTIONAL) 

★ ★ ★ ★ ★ ★  ★ 7. good 

desouza R et 
al.2020 
(RETRO 

OBSERV) 

★ ★ ★ ★  ★ ★ ★ 7; good 
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INTRODUCTION

The leading indication for lower extremity amputation 
(LEA) in the United States is peripheral vascular 
disease, primarily in the older person with diabetes 
mellitus complicated by peripheral neuropathy, ulcers, 
gangrene or osteomyelitis.[1] Generally, these patients are 
at a high‑risk for poor postoperative outcomes because 
of their old age, sepsis and multiple medical 
comorbidities (such as ischaemic heart disease, renal 
impairment and stroke).[2] Consequently, LEA has been 
associated with 30‑day postoperative mortality rates 
that are as high as 7‑32%.[3,4]

In theory, regional anaesthesia  (RA) may confer 
some advantages over general anaesthesia  (GA). 
For example, RA may result in less hypotension, 
bleeding, venous thromboembolism, surgical stress 

and pulmonary complications.[5] For this reason, in 
the recent years, a number of studies have examined 
whether RA is associated with lower 30‑day 
postoperative mortality when compared to GA for 
patients undergoing LEA.
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Background and Aims: Lower extremity amputation (LEA) is a commonly performed surgery 
and is associated with significant mortality and morbidity. This review compares the impact 
of anaesthetic technique on 30‑day mortality and other perioperative outcomes in patients 
undergoing LEA. Methods: A  systematic search of databases including PubMed, Embase, 
Scopus and Cochrane Central Register of Controlled Trials, from January 2010 to March 2021, 
was performed. Studies were eligible if they compared 30‑day mortality following either general 
anaesthesia (GA) or regional anaesthesia (RA), in adult patients undergoing LEA. Results: Ten 
retrospective observational studies were identified. Four of these studies utilised a propensity‑score 
matching technique. Based on these four studies, RA when compared to GA, is not associated 
with a reduction in the 30‑day mortality (Odds ratio 0.83, 95% confidence interval (CI): 0.65, 1.05, 
I2 20%, P = 0.12). Also there is a very low level of evidence that RA may result in a decrease 
in the hospital length‑of‑stay and intensive care unit admissions of patients undergoing LEA. 
Conclusion: RA does not decrease the 30‑day postoperative mortality in patients undergoing 
LEA when compared to GA.

Key words: Amputation, anaesthesia, conduction, lower extremity

Access this article online

Website: www.ijaweb.org

DOI: 10.4103/ija.ija_917_21

Quick response code

How to cite this article: Quak SM, Pillay N, Wong SN, 
Karthekeyan RB, Chan DX, Liu CW. Effects of regional anaesthesia 
on mortality in patients undergoing lower extremity amputation: A 
retrospective pooled analysis. Indian J Anaesth 2022;66:419-30.

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. 33



Quak, et al.: Anaesthetic technique and patient outcomes in amputation

420 Indian Journal of Anaesthesia | Volume 66 | Issue 6 | June 2022

This pooled analysis was performed to determine if RA 
reduces the 30‑day mortality of patients undergoing 
LEA surgery, when compared to GA.

METHODS

This review followed the recommendations outlined 
in the Cochrane handbook for systematic reviews and 
was reported according to the Preferred Reporting 
Items for Systematic Reviews and Meta‑analysis 
(PRISMA) guidelines.[6,7] The protocol was registered 
with the International Prospective Register of 
Systematic Reviews (PROSPERO) (registration number 
CRD42021231265).

Search strategy
An electronic search was conducted using the 
following databases from January 2010 to August 
2021: PubMed, Embase, Scopus and Cochrane Central 
Register of Controlled Trials. No language restrictions 
were applied. All publications including conference 
abstracts were included in the initial search. The search 
used key terms such as “anesthesia”, “lower extremity” 
and “amputation”. The details of the search strategy are 
available in the Appendix 1. The reference lists of all 
included studies were manually searched to identify 
other studies which were eligible for inclusion.

Two reviewers  (NP and SQ) independently reviewed 
the titles and abstracts of all search entries to exclude 
irrelevant studies. The full text of the remaining 
studies was further examined for inclusion based on 
the inclusion and exclusion criteria. Disagreements 
about the study eligibility were arbitrated by another 
author (CL).

Selection criteria
The inclusion criteria were studies involving:
	 Population: adult patients  (>18  years old) 

undergoing non‑traumatic LEA
	 Intervention: RA  (central neuraxial and/or 

peripheral nerve block)
	 Comparator: GA
	 Outcome (primary): 30‑day mortality

Studies that involved any ongoing trials, children, 
animals, combined GA/RA technique and LEA for 
trauma/malignancy were excluded.

Quality assessment
Two reviewers  (NP, SQ) independently assessed the 
quality of each included study. The Newcastle‑Ottawa 

Scale (NOS),[8] an instrument for assessing the quality 
of non‑randomised studies, was used to assess for bias. 
This scale contains eight items within three domains 
(selection, comparability and outcomes). NOS scores 
of 7‑9, 4‑6 and 0‑3 indicate that the studies are of high 
quality, high risk of bias and very high risk of bias, 
respectively.[8] The level of evidence was assessed 
in accordance to the Grading of Recommendations, 
Assessment, Development and Evaluations (GRADE) 
system.[9] As all of the included studies were 
retrospective in nature, the evidence for each outcome 
was initially graded as low. The grade was then upgraded 
or downgraded based on the risk of bias, imprecision, 
inconsistency, indirectness and publication bias. Any 
disagreement was resolved through consultation with 
another author (CL). The NOS and GRADE tables may 
be found in the Appendix 2 and 3.

Data extraction
Two reviewers (NP, SQ) independently extracted data 
into a standardised template created using Microsoft 
Excel version 2016 (Redmond: Microsoft Corporation, 
2015). The following data was collected from each 
study: author names, publication year, study design, 
sample size, characteristics of study participants, type 
of intervention, 30‑day mortality, 90‑day mortality, 
intensive care unit  (ICU) admission, length of stay, 
cardiovascular outcomes, respiratory outcomes, stroke, 
renal failure, vasopressor use, wound complications, 
bleeding and blood transfusion. Any disagreements 
were resolved through consultation with another 
reviewer (CL).

Data analysis
Statistical analyses were performed using the 
Review Manager  (RevMan) software version  5.3. 
(Copenhagen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, 2014) and R Studio 
software Version  1.2.1335  (Boston: R  Studio Inc, 
2018). Only studies that utilised propensity‑score 
matched outcomes were pooled. Continuous 
data were compared using mean differences and 
95% confidence intervals (CIs). If studies reported 
the variables in median and interquartile range, the 
Box‑Cox method was used to estimate the sample 
mean and standard variance.[10] Dichotomous data 
were pooled and analysed using the Mantel‑Haenszel 
odds ratio with 95% CIs. Random effects model 
was applied to all pooled data. The Higgin’s I2 
test was used to estimate the degree of statistical 
heterogeneity. I2 of  <40%, 30‑50%, 50‑75% and 
75‑100% were considered to represent non‑important, 
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moderate, substantial and considerable heterogeneity, 
respectively.[6] Funnel plots for the primary outcome 
were constructed and visually inspected to evaluate 
for the risk of publication bias.

RESULTS

Study selection and characteristics
A total of 1082 studies were identified during the 
initial search. After the removal of 435 duplicate 
studies, 649 titles and abstracts were screened. 
Thirty‑two studies were identified for full‑text review, 
of which 19 studies were excluded as they did not 
fulfil the inclusion criteria. Another three studies were 
excluded because their study population were derived 
from the same National Surgical Quality Improvement 
Program database. To avoid double‑counting, the study 
with the larger sample size was used. Ten studies were 
included in the review [Figure 1].

All of the studies that were included in this review 
were retrospective observational studies that examined 
the impact of anaesthetic technique on 30‑day 
mortality and perioperative outcomes in adult patients 
undergoing LEA. These studies were conducted 
between 2013 and 2018. Eight studies were restricted 
to patients undergoing major LEA, while two studies 
involved patients undergoing major and minor LEA. 
Six studies compared GA with either peripheral nerve 
blocks or central neuraxial anaesthesia. Three studies 
compared GA with central neuraxial anaesthesia alone, 
and one study compared GA with peripheral nerve 
blocks alone. Eight out of 10 studies were assessed to 
be of high quality on the NOS [Table 1].

1.	 30‑day Mortality after LEA

The overall incidence (GA and RA groups) of 30‑day 
mortality following LEA ranged from 3.7% to 

Figure 1: PRISMA flow diagram. NSQIP: National Surgical Quality Improvement Program; GA: General anaesthesia; RA: Regional anaesthesia; 
vs: versus; n: Number
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15%.[11,12] Out of the 10 studies, two did not control for 
confounders.[13,14] The rest of the studies utilised either 
multivariate logistic regression[12,15‑17] or propensity 
score matching[4,11,18,19] to adjust for confounders. With 
the exception of one study which was reported by SA 
Khan et al.,[4] all of the eight studies that controlled for 
confounders reported no significant benefit of RA over 
GA in reducing the incidence of 30‑day mortality after 
LEA [Table 2].

A meta‑analysis was performed using the results of 
the four studies[4,11,18,19] which utilised propensity score 
matching. A  funnel plot constructed to investigate 
publication bias showed a symmetrical distribution 
[Figure 2] and no important heterogeneity was observed 

among the studies. Based on these four studies which 
involved 6647  patients  (of whom, 1933 received 
RA), the use of RA did not result in a significant 
reduction in incidence of 30‑day mortality following 
LEA (odds ratio (OR) 0.83, 95% CI: 0.65, 1.05, I2 20%, 
P = 0.12) [Figure 3]. This evidence was graded as low.

It was postulated that the impact of RA may be 
greater in patients undergoing major LEA (defined 
as amputation above the ankle joint[20]) as major 
LEA is associated with higher mortality rates when 
compared to minor LEA.[21] As such, a subgroup 
analysis was performed with studies that looked only 
at patients undergoing major LEA. Two studies[4,18] 
involving 2570 patients (of whom, 1015 received RA) 

Table 1: Characteristics of studies
Authors and 
Year of Study

Design Sample 
size

Surgery Intervention Comparison

H. Abe et al., 
2020*

Retrospective 
cohort study

11796 Below knee amputation (BKA) or foot 
amputation 

Peripheral nerve 
block (PNB)

General 
anaesthesia (GA)

J. Dittman 
et al., 2020

Retrospective 
cohort study

20,879 Above knee amputation (AKA) PNB or central neuraxial 
block 

GA

J Dittman. 
et al., 2020

Retrospective 
cohort study

27709 BKA PNB or central neuraxial 
block 

GA

M. R. Hall 
et al., 2020

Retrospective 
cohort study

5567 Elective major lower extremity 
amputation (LEA) 

PNB or central neuraxial 
block 

GA

S. J. Kim et al., 
2019*

Retrospective 
cohort study

519 Major or minor LEA secondary to diabetic 
foot or peripheral vascular disease 

PNB or spinal 
anaesthesia

GA

M. Niskakangas 
et al., 2018

Retrospective 
cohort study

323 Major LEA secondary to peripheral 
vascular disease

Spinal anaesthesia GA

B. Bilgili et al., 
2017

Retrospective 
cohort study

441 Major LEA Spinal or combined spinal 
epidural anaesthesia

GA

C. C. Moreira 
et al., 2016*

Retrospective 
cohort study 

3260 Major LEA PNB or spinal 
anaesthesia

GA

J. Chery et al., 
2014

Retrospective 
cohort study

407 Major LEA Spinal or combined spinal 
epidural anaesthesia

GA

S. A. Khan 
et al., 2013*

Retrospective 
cohort study

1365 Major LEA PNB or central neuraxial 
block 

GA

* Studies utilised propensity‑score matching to balance confounders

Table 2: Primary outcome (30‑day mortality)
Authors and Year of 
Study

Mortality 
(RA)%

Mortality 
(GA)%

30‑day mortality OR (95% CI) Rate P Note

H. Abe et al., 2020* 4.6 4.1 1.11 (0.75, 1.64), 0.60 ‑
J. Dittman et al., 2020 16.3 14.6 ‑ 0.003 Conference abstract
J Dittman. et al., 2020 ‑ ‑ ‑ ‑ Conference abstract

Authors reported no difference 
in 30‑day mortality but 
statistical parameters lacking.

M. R. Hall et al., 2020 6.8 5.8 1.03 (0.9, 1.17) 0.3 ‑
S. J. Kim et al., 2019 * 2.9 3.5 0.83 (0.28, 2.46) 0.737 ‑
M. Niskakangas et al., 2018 7 11 7% in RA group vs 11% in GA group 0.16 ‑
B. Bilgili et al., 2017 8.3 14.4 8.3% in RA group vs 14.4% in GA group 0.134 ‑
C. C. Moreira et al., 2016 * 11.7 14.4 1.27 (0.93, 1.73) 0.136 ‑
J. Chery et al., 2014 10 13 1.43 (0.75, 2.7) 0.27 ‑
S. A. Khan et al., 2013 * 9.3 13.6 Total matched population: 1.5 (1.0, 2.3) 0.04 ‑
*propensity‑matched study, RA – regional anaesthesia, GA – general anaesthesia, OR – odds ratio, CI – Confidence interval; vs – versus.
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were included in this subgroup meta‑analysis which 
found that RA significantly reduced 30‑day mortality 
compared to GA (OR 0.73; 95% CI (0.57, 0.94), I2 0%, 
P = 0.01). See Figure 3 (forest plot).

2.	 90‑day Mortality after LEA

90‑day mortality was reported in two propensity-
matched studies.[4,11] Individually, neither study 
found a significant difference in the 90‑day mortality 
with the use of either RA or GA. A  meta‑analysis 
including the two studies also showed no difference 
in the 90‑day mortality with the use of RA (OR 0.78; 
95% CI  (0.57,1.07), I2 0%, P = 0.13)  [Figure 4]. This 
evidence was graded as low. A summary of all relevant 
secondary outcomes, including 90‑day mortality, may 
be found in Table 3.

3.	 Hospital length of stay

Six studies[4,12‑15,17] reported the length of hospital 
stay  (H‑LOS). There is some evidence that H‑LOS is 

shorter in patients who received RA compared to GA. 
Three studies[13‑15] reported a statistically significant 
shorter H‑LOS with the use of RA with mean 
differences ranging between 3.7 to 5 days.[13,15]

4.	 Intensive care unit admission

There is limited evidence that RA is associated 
with reduced ICU admission. The admission rate 
to ICU following LEA was about 8%.[14] Two studies 
reported ICU admission as an outcome measure. 
Both these studies reported a significantly lower ICU 
admission (by 52.1%[11] and 84%[13]) in the RA group 
compared to the GA group. Among the patients who 
were admitted to the ICU, RA and GA were associated 
with similar durations of ICU stay.[11,14]

5.	 Cardiac outcomes

Cardiac outcomes appear to be similar between the RA 
and GA groups. Six[11,13‑16,22] out of seven[11‑16,22] studies 
reported no differences in the incidences of myocardial 
infarction between the RA and GA groups. A study by 
Dittman et al. found a small but statistical increase in 
the incidence of myocardial infarction in patients who 
received RA for above‑knee amputation.[12] The reason 
for this is unclear and may represent a chance error. 
Two further studies[17,18] examined composite cardiac 
outcomes and were unable to detect a statistically 
significant benefit of RA over GA.

6.	 Pulmonary outcomes

There is evidence that RA does not result in reduced 
incidences of pneumonia,[11,13‑15,18,22] pulmonary 
embolism,[12,13,15,16] prolonged ventilation,[11,3,15,19] 
hypoxia[11] and unplanned intubation.[11,19] A study 

Figure 2: Funnel plot – 30-day mortality rate, regional anaesthesia 
versus general anaesthesia (primary outcome)

Figure 3: Forest plot –30-day mortality rate, RA versus GA (primary outcome). CI: Confidence interval; RA:Regional anaesthesia; GA:General 
anaesthesia
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utilising a composite pulmonary outcome yielded 
similar results.[18]

7.	 Neurological outcomes

There is evidence that RA does not result in increase 
in cerebrovascular accidents. Five studies reported 
no association between the choice of anaesthesia and 
cerebrovascular accidents.[11,12,16,18,22] A meta‑analysis 
performed on two propensity‑matched studies[11,18] 
involving a total of 1,962 patients showed that RA and GA 
were associated with similar incidences of cerebrovascular 
accidents. (OR 1.45; 95% CI (0.57, 3.70), I2 0%, P = 0.44) 
[Figure 4]. This evidence was graded as very low.

8.	 Renal outcomes

There is very low evidence that RA does not reduce 
renal failure. Five studies examined the association 
between RA and renal failure.[11,12,15,16,18] None of 
them found an association between RA and decrease 
in incidence of renal failure. A meta‑analysis of two 
propensity-matched studies[11,18] showed that RA and 
GA were associated with similar incidences of renal 
failure (OR 1.27; 95%CI  (0.73, 2.23), I2 0%, P = 0.4) 
[Figure 4]. This evidence was graded as low.

9.	 Blood loss and blood transfusion

Five studies[11‑13,15,16] reported blood transfusion and 
one reported blood loss.[15] None of these studies show 
a difference between the RA and GA groups.

DISCUSSION

Consistent with the published literature, this 
study found that LEA is associated with a high 
mortality.[23] The main finding of this study is that RA, 
when compared to GA, does not appear to reduce the 
incidence of 30‑day and 90‑day mortality following 
LEA. However, one study pointed out that in the high 
risk patients, there might be a benefit of RA over GA in 
terms of reducing the 30‑day mortality.[4]

There is also evidence that RA is not associated with 
reduced cardiac, neurological, renal and bleeding 
complications after LEA. However, some studies have 
found that RA is associated with a lower H‑LOS and 
ICU admission rate. But since these studies were not 
designed to assess H‑LOS and ICU admission rates, these 
findings should be considered exploratory rather than 
definitive. Further studies are required to understand 
the impact of RA on H‑LOS and ICU admission.

Figure 4: Forest plot – secondary outcome measures, regional anaesthesia vs general anaesthesia; (a) 90-day mortality, (b) Stroke, (c) Renal 
failure. vs: versus

c

b

a
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The strength of this study is that, it is the first review 
that has examined this clinical question. The studies 
included in this review had large sample sizes and 
looked at an objective outcome measure. Most of the 
studies scored well on the NOS, an instrument to 
assess the risk of bias in non‑randomised trials. Across 
most of the outcome measures, the results were fairly 
homogenous. Although this review included only 
observational studies, the role of observational studies 
should not be downplayed when studying a harmful 
outcome. Randomised controlled trials, while useful 
for the examination of efficacy, may not be as useful 

Table 3: Secondary outcomes
Authors (Year) Reported Outcomes† (OR (95% CI))
90‑day mortality

S. J. Kim et al., 
2019 

0.72 (0.3, 1.75), P=0.47

S. A. Khan 
et al., 2013

Total matched population: 1.3 (0.9, 1.8), P=0.19

Hospital length 
of stay

M. R. Hall 
et al., 2020

8.35 (0, 24.5) in RA group vs 8.5 (0, 43.5) in 
GA group, P=0.15

S. J. Kim et al., 
2019

10 [6‑15] in RA group vs 10 [6‑19] in GA group, 
P=0.24

M. Niskakangas 
et al., 2018

5 [3‑7] in RA group vs 5 [3‑11] in GA group, 
P=0.02

B. Bilgili et al., 
2017

13.3 (13, 13.6) in RA group vs 18.29 (17.8, 
18.8) in GA group, P=0.001

J. Chery et al., 
2014

19.4 (17.4, 21.4) in RA group vs 23.1 (20.2, 26) 
in GA group, P=0.04

S. A. Khan 
et al., 2013

23 [16‑38] in RA group vs 24 [14‑35] in GA 
group, P>0.05

Intensive care 
unit admission

S. J. Kim et al., 
2019

OR 0.46 (0.23, 0.94), P=0.032

M. Niskakangas 
et al., 2018

4% in RA group vs 25% in GA group, P<0.001

Cardiac 
outcomes

H. Abe et al., 
2020

Composite cardiac outcomes‡ OR 0.91 (0.5, 
1.66), P=0.756

J. Dittman 
et al., 2020

MI: 1.4% in RA group vs 0.9% in GA group, 
P=0.003

M. R. Hall 
et al., 2020

MACE§: OR 0.94 (0.72, 1.23), P=0.37

S. J. Kim et al., 
2019

MI: OR 1.25 (0.34, 4.65), P=0.739
Cardiac arrest: OR 3.5 (0.73, 16.8). P=0.118
Hypotension: OR 0.10 (0.05, 0.20), P<0.001
Vasopressor use: OR 0.145 (0.07, 0.27), 
P<0.001

M. Niskakangas 
et al., 2018

MI: 4% in RA group vs 9% GA group P=0.16

B. Bilgili et al., 
2017

MI: 15.3% in RA group vs 20.6% in GA group, 
P=0.284
Arrhythmia: 16.7% in RA group vs 23.7% in GA 
group, P=0.176

C. C. Moreira 
et al., 2016

MI/cardiac arrest: OR 0.91 (0.50, 1.66), 
P=0.756

J. Chery et al., 
2014

MI: OR 0.82 (0.37, 1.68), P=0.59
Arrhythmia: OR 2.15 (1.28, 3.62), P=0.004

Pulmonary 
outcomes

S. J. Kim et al., 
2019

Pneumonia: OR 0.58 (0.23, 1.48), P=0.257
Ventilator support: OR 1.17 (0.39, 3.47), P=0.78

M. Niskakangas 
et al., 2018

Pneumonia: 7% in RA group vs 12% in GA 
group, P=0.11

B. Bilgili et al., 
2017

Pneumonia: 11.8% in RA group vs 7.2% in GA 
group, P=0.34
Ventilator support: 11.1% in RA group vs 11.3% 
in GA group, P=1.00
Pulmonary embolism: 1.4% in RA group vs 
4.1% in GA group, P=0.22

Table 3: Contd...
Authors (Year) Reported Outcomes† (OR (95% CI))

C. C. Moreira 
et al., 2016

Composite pulmonary outcomes: OR 1.1 (0.73, 
1.66), P=0.63

J. Chery et al., 
2014

Composite pulmonary outcomes: OR 
1.92 (1.14, 3.24), P=0.01
Pneumonia: OR 1.52 (0.79, 2.9), P=0.2
Pulmonary embolism: OR 2.29 (0.49, 11.82), 
P=0.29
Ventilator support: OR 2.22 (1.18, 4.22), P=0.01

Neurological 
outcomes

H. Abe et al., 
2020

Delirium: OR 0.75 (0.57, 0.98), P=0.04

S. J. Kim et al., 
2019

CVA: OR 2 (0.37, 10.9), P=0.42

C. C. Moreira 
et al., 2016

CVA: OR 0.80 (0.26, 2.45), P=0.694

J. Chery et al., 
2014

CVA: OR 0.98 (0.42, 2.15), P=0.96

Renal outcomes
S. J. Kim et al., 
2019

OR 1.08 (0.49, 2.37), P=0.84

C. C. Moreira 
et al., 2016

OR 0.65 (0.28, 1.48), P=0.30

J. Chery et al., 
2014

OR 1.65 (0.98, 2.77), P=0.06

BL and BT
J. Dittman 
et al., 2020

BL: 0.2% in RA group vs 0.5% in GA group, 
P=0.0003

S. J. Kim et al., 
2019

BT: OR 0.5 (0.23, 1.11), P=0.089

B. Bilgili et al., 
2017

BT: 0.4% in RA group vs 22.7% in GA group, 
P=0.016

J. Chery et al., 
2014

BT: 1.33 ml/kg in RA group vs 1.872 ml/kg in 
GA group, P=0.03
BL: 156 ml in RA group vs 154 ml in GA group, 
P=0.86

GA – general anaesthesia, RA – regional anaesthesia, CVA – cerebrovascular 
accident, MI  –  myocardial infarction, MACE–  Major adverse cardiac events, 
BL – blood loss, BT – blood transfusion, CI – confidence interval, OR –odds ratio. 
†Continuous data as mean +/‑ standard deviation or mean (95% CI) or median 
[interquartile range]. ‡Composite morbidity was defined as the occurrence 
of any life‑threatening complication  (acute coronary syndrome, stroke, or 
those indicated by cardio‑pulmonary resuscitation, unplanned intubation, 
cardioversion, defibrillation, continuous haemodiafiltration over  30  days or 
prolonged postoperative mechanical ventilation lasting more than 7 days after 
lower extremity amputation. §MACE was defined as a composite of postoperative 
myocardial infarction, persistent and clinically significant arrhythmia requiring 
treatment and new onset/worsened congestive cardiac failure.

Contd...
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for determining the rates of adverse events. This is 
due to the low frequency of events, small number of 
participants, restrictive inclusion/exclusion criteria 
and short follow‑up periods.[24] Furthermore, it is 
considered unethical to randomise patients to a study 
that is evaluating a harmful outcome.[25] In this context, 
this review presents the best level of evidence till date 
on this topic.

The major limitation of this review is that while many 
studies adjusted for confounders, not all utilised a 
propensity score-matching technique. Hence, some 
of the studies were not pooled in the meta‑analysis. 
Moreover, the results of secondary outcomes such as 
90‑day mortality, H-LOS and ICU admission should 
be interpreted with caution. Nevertheless, the results 
from these papers appear to have fairly uniform results 
in the primary and secondary outcome measures. 
This strengthens our confidence that the assessment 
is accurate. Another limitation is that most studies 
reported both peripheral and central neuraxial 
anaesthesia as RA. Since, peripheral nerve blocks 
result in less physiological derangement than central 
neuraxial anaesthesia, future studies that compare 
peripheral nerve blocks to GA may possibly give rise 
to opposing results from this review.[26,27]

Taken together, during the informed consent process, 
patients should not be routinely counselled that 
RA reduces the risk of mortality. The choice of the 
anaesthesia technique should be individualised based 
on factors such as patient comorbidities, presence of 
a bleeding diathesis, haemodynamic stability, patient 
preference etc. It is nevertheless, still reasonable to 
offer RA to reduce the risk of ICU admission, reduce 
opioid consumption, reduce pain scores and prevent 
chronic pain.[11,14,28]

CONCLUSION

LEA is a commonly performed surgery that carries 
significant mortality and morbidity. In this study, RA 
was not found to reduce the 30‑day mortality after 
LEA when compared to GA. There is very low level of 
evidence that RA may decrease hospital length of stay 
and ICU admission rates
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APPENDIX 1: SEARCH STRATEGY
Document full search strategies as run in each database adhering 
to PRISMA-S checklist.
Database: Medline (PubMed)
Date of Search: 19 Jan 2022
Number of Results: 221
Limits applied (refer to PRISMA‑S item 9): Jan 2010‑ Aug 2021
Filters applied (refer to PRISMA‑S item 10): none
Search Strategy (copy and paste as run)
(("anesthesia"[MeSH Terms] OR ("anesthetics"[MeSH Terms] OR 
"anesthesiology"[MeSH Terms]) OR "anaesthe*"[Title/Abstract] OR 
"anesthe*"[Title/Abstract]) AND ("lower extremity"[MeSH Terms] 
OR "lower"[Title/Abstract] OR "leg"[Title/Abstract] OR "knee"[Title/
Abstract]) AND ("Amputation"[MeSH Terms] OR "Amputation"[Title/
Abstract])) AND (2010/1/1:2021/8/31[pdat])
Database: Embase.com
Date of Search: 19 Jan 2022
Number of Results: 482
Limits applied (refer to PRISMA‑S item 9): Jan 2010‑ Aug 2021
Filters applied (refer to PRISMA‑S item 10): none
Search Strategy (copy and paste as run)
('anesthesia'/exp OR 'anesthetic agent'/exp OR anaesthe*:ti, ab 
OR anesthe*:ti, ab) AND ('leg amputation'/exp OR (((lower OR 
leg OR knee) NEAR/3 amputation):ti, ab)) AND [01‑01‑2010]/sd 
NOT [01‑09‑2021]/sd
Database: Scopus
Date of Search: 19 Jan 2022
Number of Results: 310
Limits applied (refer to PRISMA‑S item 9): Jan 2010‑ Aug 2021
Filters applied (refer to PRISMA‑S item 10): none
Search Strategy (copy and paste as run)
TITLE‑ABS‑KEY (((anaesthe* OR anesthe*) AND ((lower OR 
leg OR knee) W/3 amputation))) AND PUBYEAR>2009 AND 
PUBYEAR<2022
Database: Cochrane Central Register of Controlled Trials
Date of Search: 19 Jan 2022
Number of Results: 69
Limits applied (refer to PRISMA‑S item 9): Jan 2010‑ Aug 2021
Filters applied (refer to PRISMA‑S item 10): none
Search Strategy (copy and paste as run)
#1 MeSH descriptor: [Anesthesia] explode all trees		  20225
#2 MeSH descriptor: [Anesthetics] explode all trees		  16637
#3 (anaesthe* OR anesthe*):ti, ab, kw			   90592
#4 MeSH descriptor: [Lower Extremity] explode all trees		  7573
#5 MeSH descriptor: [Amputation] explode all trees		  478
#6 ((lower OR leg OR knee) NEAR/3 amputation):ti, ab, kw	762
#7 (#1 OR #2 OR #3) AND ((#4 AND #5) OR #6)		  70
#8 01/01/2010 – 31/08/2021				    69
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INTRODUCTION

Prolonged mechanical ventilation, intensive care 
unit  (ICU) stay and increased antimicrobials usage 
usually lead to ventilator‑associated pneumonia (VAP), 
and hence healthcare cost and mortality.[1] Acute 
respiratory infections  (ARIs) in critically ill patients 
comprise a group of heterogeneous infections 
including bacterial, viral and fungal infections. Starting 
antibiotic therapy at the proper time is the cornerstone 
of the management of VAP secondary to bacterial 
infection. However, a longer duration of antibiotic 
therapy increases the incidence of bacterial resistance, 
financial burden and adverse drug reactions.[2]

Procalcitonin  (PCT) is a precursor of calcitonin. 
Cytokines and endotoxin elaborated during infections 

with bacteria inhibit the final step in the synthesis 
of calcitonin; therefore, the level of PCT is elevated, 
which acts as a specific biomarker for the diagnosis of 
bacterial infections.[3] PCT could be of benefit in the 
decision of starting and discontinuation of antibiotic 
therapy.[4]

Few studies have proved the role and effectiveness of 
lung ultrasound (US) for the diagnosis and follow‑up 
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of ICU‑admitted pneumonia patients.[5] It could be a 
highly sensitive and specific tool when compared 
to computed tomography  (CT) of the chest for the 
diagnosis of community‑acquired pneumonia (CAP).[6]

We hypothesised that lung US may have a beneficial 
role in guiding the discontinuation of antibiotics 
among VAP patients.

METHODS

This prospective blinded cohort study was 
performed after approval from the university ethics 
committee (R49/2020) and registered at clinical trials.
gov with the number NCT045631004. The study was 
performed at a university ICU between October 2020 
and September 2021. It was conducted as per the 
principles of the Declaration of Helsinki.

A total of 62 patients of both genders aged 18 years 
and older with a confirmed diagnosis of VAP by 
positive sputum culture were enroled for the study. 
VAP was considered if manifestations occurred 
following intubation for 48  h and the infection 
was absent before ventilation.[7] The diagnosis of 
pneumonia was based on the finding of new and 
progressive pulmonary infiltrates in chest images 
together with two of the following clinical criteria: 
core temperature >38°C or <35.5°C; white blood cell 
count  >12,000  cells/mm3 or  <4000  cells/mm3; and 
clinical evidence of pneumonia as purulent secretions 
and hypoxaemia.[8] Patients who had a history of 
a coexisting infection other than VAP, pregnancy, 
immunosuppressive agents usage other than steroids, 
neutropenia  (white blood cell count  ≤1000  cells/
mm3) and patients diagnosed with CAP were excluded 
from the study. As regards the current pandemic, 
coronavirus disease (COVID)-19 was ruled out by CT 
scan and polymerase chain reaction (PCR) test.

Once VAP was diagnosed and antibiotics started, it 
was considered as day 1 and, measurements of PCT 
level, clinical pulmonary infection score  (CPIS) and 
lung US were done. The operator who performed the 
US was blinded to the study. After 7 days of antibiotic 
therapy, clinical, biological and microbiological 
variables were measured. Lung US and PCT levels 
were evaluated. Lung reaeration score was assessed 
through comparison of the extension or resolution of 
the alveolar‑interstitial syndrome and consolidation 
on day 1 and day 7. Discontinuation of antibiotics was 
recommended if the PCT level was <0.25 µg/L.

Lung US was performed using Siemens 
Healthineers‑Germany probe 3.6–13 MHz and 
phased array probe 1–4.8 MHz, all intercostal spaces 
of the right and left hemithorax were examined, 
and videos were stored for blind analysis. Regions 
of interest were carefully examined, and the worst 
detected finding was considered characteristic 
for the examined region. Four ultrasound patterns 
were defined: 1) Normal aeration  (no findings 
suggesting pneumonia): the presence of pleural 
sliding with A‑lines +/‑  occasional or isolated 
B‑line  (N)  [Figure  1a], 2) Loss of lung aeration 
associated with interstitial pneumonia or scattered 
foci of bronchopneumonia: presence of many 
well‑defined, irregularly spaced B‑lines arising 
from the pleural line or a small subpleural 
consolidation. (B1) [Figure 1b], 3) Loss of lung aeration 
associated with confluent bronchopneumonia: 
multiple abutting B‑lines arising from the pleural line 
or a small subpleural consolidation. (B2) [Figure 1c], 
4) Lung consolidation which is characteristic of 
extensive bronchopneumonia: the presence of 
tissue patterns containing hyperechoic images 
and air bronchograms  (C)  [Figure 1d]. A  reaeration 
score was calculated from changes in the lung US 
findings [Table 1]. The primary outcome was to assess 
the correlation between lung US reaeration score 
and PCT levels in order to discontinue antibiotics 
therapy in VAP patients.

Figure 1: (a1) Normal lung aeration with the presence of pleural sliding 
and A‑line. (a2) Normal lung aeration with the presence of pleural 
sliding, A‑line, and single B‑ line. (b) Loss of lung aeration associated 
with interstitial pneumonia. (c) Loss of lung aeration associated with 
confluent pneumonia. (d) Lung consolidation

dc

ba1 a2
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Assuming a correlation coefficient between lung 
US and procalcitonin of 0.50, a sample size of 62 
VAP patients would be enough to detect correlation, 
with an alpha error of 0.01 and 0.95% power of the 
test. The data were collected, revised, coded, and 
entered into the International Business Machines 
Statistical Package for Social Science  (IBM SPSS 
Released 2015, Version 23.0. Armonk, New York). The 
quantitative data were presented as mean, standard 
deviations, and ranges when parametric and median 
with inter‑quartile range  (IQR) when non‑parametric, 
whereas qualitative variables were presented as 
numbers and percentages. The comparison between 
two groups with qualitative data was done using the 
Chi‑square test and the agreement between PCT and 
lung US using Kappa‑agreement. The comparison 
between the two groups regarding quantitative data 
was done using an independent t‑test when parametric, 
and Mann–Whitney test when non‑parametric. Also, 
the comparison between two paired readings was done 
using the Wilcoxon rank test. Spearman correlation 
coefficients were used to assess the correlation between 
two quantitative parameters in the same group. The 
receiver operating characteristic (ROC) curve was used 
in the form of a quantitative model to assess sensitivity, 
specificity, positive predictive value  (PPV), negative 
predictive value (NPV) and area under the curve (AUC). 
The confidence interval was set to 95%, and the margin 
of error accepted was set to 5%. So, the P value was 
considered significant at the level of <0.05.

RESULTS

Sixty‑two consecutive patients were included in 
the study; out of these, 39  (62. 6%) were males and 
23  (37.1%) were females, and the mean age was 
55.13  ±  14.90  years. Initial causes of admission to 
ICU were poly‑trauma patients  (n  =  12), traumatic 
brain injury  (n  =  8), major abdominal surgery 
(n  =  14), post‑craniotomy  (n  =  9), and medical 
conditions  (n  =  19). At inclusion in the study  (Day 
1), the median acute physiology and chronic health 
evaluation  (APACHE) median score was 12  (IQR, 
10–14), and the median CPIS was 8.0 (IQR, 8.0–9.0), 
which decreased to 5 (IQR, 4.0–6.0) on day 7.

Median procalcitonin level was 0.8 (range: 0.2–1.5; IQR, 
0.56–0.91) µg/L on day 1, which decreased to 0.2 (range: 
0.01–1; IQR, 0.1–0.5) µg/L on day 7 (P‑value < 0.001).

On day 7, antibiotics were discontinued based on 
a PCT level of  <0.25 µg/L in 40  patients, and all of 

them showed improvement in VAP according to CT 
findings. Antibiotics were continued in 22 patients. In 
comparison of the two groups, there was no statistical 
difference with regard to age, gender, and APACHE 
score, but there was a significant statistical difference 
in lung reaeration score  (median ‑ 4 range: from ‑ 15 
to 8; IQR, from ‑ 10 to 5) in whom the antibiotics 
were continued as compared to those in whom the 
antibiotics were discontinued  (median 6; range: 
from ‑5 to 15; IQR, from 6 to 10; P value < 0.001).

There was a highly significant negative correlation on 
day 7 (r = ‑0.718, P < 0.001) between US reaeration 
score and PCT level and a highly significant positive 
correlation between reaeration by lung US and 
CT (r = 0.747**, P < 0.001) [Table 2, Figure 2]. ROC 
curve of US reaeration score and PCT level as regards 
the decision to stop or to continue antibiotic therapy 
showed that with a cut‑off point of 5 for US score, 
sensitivity was 92.5%, specificity was 95.5%, PPV was 
97.4%, and NPV was 87.5% [Table 3, Figure 3].

DISCUSSION

The findings of the present study show that lung US is 
a valid non‑invasive method for the discontinuation 

Table 2: Correlation between PCT level, lung ultrasound 
reaeration score, and CT on day 7

Parameter PCT LUS reaeration 
score

CT reaeration

r P r P r P
PCT (µg/L) ‑ ‑ ‑0.718** ≤0.001 ‑0.552** ≤0.001
LUS reaeration 
score

‑0.718** ≤0.001 ‑ ‑ 0.747** ≤0.001

CT reaeration ‑0.552** ≤0.001 0.747** ≤0.001 ‑ ‑
PCT: Procalcitonin, LUS: Lung ultrasound, CT: Computed tomography, r–
correlation coefficient

Table 3: Agreement for lung ultrasound score and 
procalcitonin (PCT) level on day 7

Parameter AUC Cut‑off 
Point

Sensitivity Specificity PPV NPV

LUS score 0.957 >5 92.5 95.5 97.4 87.5
AUC: Area under the curve, PPV positive predictive value, NPV: negative 
predictive value, LUS: Lung ultrasound

Table 1: The effects of antibiotics on lung aeration[14]

Quantification of reaeration Quantification of loss of aeration
1 point 3 points 5 points ‑5 points ‑3 points ‑1 point
B1→N B2→N C→N N→C N→B2 N→B1
B2→B1 C→B1 B1→C B1→B2
C→B2 B2→C
N: Normal aeration (no findings suggesting pneumonia), B1: Loss of lung 
aeration associated with interstitial pneumonia, B2: Loss of lung aeration 
associated with confluent bronchopneumonia, C: Lung consolidation which is 
characteristic of extensive bronchopneumonia
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of antibiotic therapy in VAP patients. This decision 
is very critical, requiring precise timing and clear 
milestones. A shorter course of antibiotic treatment 
and early discontinuation of antibiotics can help 
reduce unnecessary costs and decrease antibiotic 
exposure and antibiotic resistance.[9,10] In addition, 
clinical practice guidelines for the management 
of VAP and hospital‑acquired pneumonia  (HAP) 
2016 by the American Thoracic Society  (ATS) and 
Infectious Diseases Society of America (IDSA) have 
mentioned that 7 days of antibiotic therapy instead 
of a longer duration is recommended for patients 
with VAP.[11]

In a meta‑analysis of 13 trials with 5136 patients using 
PCT as a guide for antibiotic discontinuation, it was 
found that it reduced antibiotic exposure and short‑term 
mortality.[12] In another meta‑analysis of critically ill 
adults  (5158 randomised; 5,000 analysed), antibiotic 

discontinuation guided by PCT was associated with 
reduced mortality  [16 randomised controlled trials, 
risk ratio (RR) of 0.89, 95% confidence interval of 0.83-
0.97, I 2 = 0%, low certainty].[13] These findings did not 
match our results. Scoring systems of lung US based 
on A and B lines and lung consolidation have been 
applied for monitoring and quantitative assessment of 
pulmonary aeration and changes in aeration.[14‑17] All 
these scoring systems divide lung aeration into four 
patterns that are used to evaluate the aeration and 
reaeration seen in lung US.[18]

It has been shown in a study that the combination of 
lung US and PCT is better in the diagnosis of subjects 
who are ventilated and have signs and symptoms of 
pneumonia, compared with the use of lung US, PCT, 
CPIS, and other inflammatory biomarkers alone.[19] In 
the current study, when US was correlated with PCT 
levels, there was a statistically significant correlation 
on day 7 (0.718, P = 0.000).

US scores > 5 have been associated with reaeration 
in CT of  >  400  mL and successful antimicrobial 
treatment. Bouhemad et al. showed a highly significant 
correlation between CT and lung US reaeration (ρ 
0.85, P < 0.0001).[14] This study supports our results 
regarding the correlation between lung US and CT 
results of VAP patients. The chest radiograph is not 
accurate in predicting lung ventilation. It has been 
already reported that US has 93.4% sensitivity and 
97.7% specificity for the diagnosis of VAP,[20] and this 
supports our study on the validity of lung US for the 
assessment of VAP patients. The strength of our study 
is the simultaneous measurements of lung US, PCT, 
and CT results during the ICU stay of VAP patients.

Figure  3: Receiver operating characteristic  (ROC) curve for lung 
ultrasound

Figure 2: (a) Correlation between lung ultrasound (LUS) reaeration score and procalcitonin (PCT) level on day 7. (b) Correlation between lung 
ultrasound (LUS) reaeration score and computed tomography (CT) chest on day 7

ba
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Lung US is an operator‑dependent technology and 
this could be a limitation of the current study. 
Supervised training is needed for operators for 
correct interpretation of the sonographic findings. 
Although US is an easy technique, it may be difficult 
in obese patients, those with pleural calcifications, 
and patients with dressings on the chest wall; about 
20% of the lung surface cannot be visualised by US 
due to the shielding of anatomic structures  (clavicle 
and scapula).[21]Additionally, the size and location 
of consolidation may be difficult to detect. Small 
consolidations located away from pleura and smaller 
than 20 mm may not be detected by lung US.[22]

CONCLUSION

To conclude, antibiotic discontinuation is a critical 
decision; lung US is a non‑invasive and safe method 
that can be used to guide antibiotic therapy in VAP 
patients.
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INTRODUCTION

Spine surgeries are associated with severe postoperative 
pain due to the extensive dissection and muscle 
retraction performed in these surgeries. Postoperative 
analgesia is an essential aspect of the perioperative care 
of these patients.[1] Adequate postoperative analgesia 
enables early mobilisation leading to reduced length 
of stay and is an essential component of the enhanced 
recovery pathways.[2]

The pain can arise from vertebrae, ligaments, dura, 
fascia and muscles. The posterior rami of the spinal 
nerve innervate these structures. The thoracolumbar 

interfascial plane (TLIP) block targets these posterior 
rami passing through the paraspinal muscles. Several 
studies have explored the analgesic efficacy of TLIP 
block in posterior lumbar spine surgery.[3,4] Wound 
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infiltration is also a popular modality for postoperative 
analgesia in spine surgery. Several cocktails with various 
adjuvants have been explored for administration in 
wound infiltration in spine surgeries.[5,6] Very few 
studies have compared the postoperative analgesic 
efficacy of TLIP block with that of wound infiltration 
with a local anaesthetic mixture. We hypothesised 
that TLIP block provided better analgesia than wound 
infiltration in posterior lumbar spine fusion surgeries. 
Our primary objective was to compare the time of the 
first request for rescue analgesia in the TLIP group 
with the infiltration group. The secondary objectives 
were to compare the total tramadol consumption in the 
48‑hours postoperative period and compare the pain 
and comfort scores on arrival to the post‑anaesthesia 
care unit (PACU), followed by 6, 12, 24 and 48 hours 
postoperatively.

METHODS

This study was conducted following the Declaration of 
Helsinki and reported according to the Consolidated 
Standards of Reporting Trials (CONSORT) statement. 
We obtained Institutional Review Board  (IRB) 
approval  (IRB approval no: EC/42/2020). The 
trial was registered in Clinical Trials Registry, 
India  (CTRI/2021/02/031406). Patient enrolment 
started on 3rd  March 2021 and continued till 
29th October 2021.

All patients between 20 and 70  years, belonging to 
the American Society of Anesthesiologists classes I–II, 
scheduled to undergo posterior lumbar spine fusion 
surgeries of up to three levels were included. Exclusion 
criteria were patients with allergy to local anaesthetic, 
patients undergoing revision surgery, patients having 
surgeries for infectious or malignant aetiology and 
patients with coagulopathy.

We obtained informed consent from all patients. 
Eligible patients were recruited consecutively 
and were randomised using a computer‑generated 
random sequence in varying block sizes of 2, 4 and 
6. The random allocation sequence was generated 
by the support staff of the institute who was not 
part of the study. The allocation sequence was used 
to make sequentially numbered opaque sealed 
envelopes  (SNOSE). On inclusion of a patient, the 
principal investigator would open one envelope and 
allocate the patient to either of the arms; either to 
receive the TLIP block  (TLIP group) or the wound 
infiltration with local anaesthetic (LI group). Patients 

and the research assistant who did the postoperative 
assessment were blinded to the treatment allocation.

Under standard monitoring, general anaesthesia was 
induced with fentanyl 2 µg/kg and propofol 2–3 mg/kg. 
Patients were intubated with atracurium 0.5  mg/kg 
with a flexo‑metallic armoured endotracheal tube 
and positioned prone. A  local anaesthetic mixture 
consisting of 40 ml of 0.375% ropivacaine, 10 ml of 
2% lignocaine with 1:200,000 adrenaline and 4  mg 
dexamethasone was prepared. Patients in the TLIP 
group received ultrasound‑guided bilateral TLIP 
block, which was performed by an anaesthesiologist 
experienced in this block. The procedure was done 
under sterile precautions. A  high‑frequency linear 
ultrasound probe was used for the block. The probe 
was placed transversely in the midline position at 
the level of the L3 vertebra. The spinous process was 
identified. The probe was then moved laterally to 
identify the paraspinal muscles. A 22‑G, 5‑cm nerve 
stimulator needle was introduced from lateral to 
medial direction in an in‑plane technique targeting the 
fascial plane between the multifidus and longissimus 
muscles. Hydrodissection using 1 ml of normal saline 
was used to identify the correct plane, following 
which 25 ml of the prepared drug was deposited, and 
the block was repeated on the opposite side. Patients 
in Group  LI received an infiltration at the surgical 
site with the same local anaesthetic mixture. The 
infiltration was performed by the surgeon and all 
surgeries were done by the same surgeon. Both the 
block and the infiltration were given before the skin 
incision. Intraoperatively analgesia was supplemented 
with morphine 0.1 mg/kg and paracetamol 1 gm, which 
was given 5 min before the incision was placed. The 
heart rate and non‑invasive blood pressure were noted 
every 10  min for half an hour after the intervention 
was completed, at the time of incision, and every half 
hour till the end of surgery. At the end of surgery, 
patients were extubated and shifted to the PACU and 
monitored for 48 h. The postoperative analgesia was 
managed with intravenous paracetamol 1 gm given 
every eighth hour. The postoperative assessment was 
done by the research assistant, who was blinded to the 
treatment allocation.

The primary outcome was the time of the first request 
for rescue analgesia. The secondary outcomes were the 
total tramadol consumption in the 48 h postoperative 
period and the measures of postoperative pain and 
comfort. Postoperative pain was assessed using the 
visual analogue scale (VAS) on a scale from 0 (no pain) 
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to 10 (worst possible pain). Postoperative comfort was 
evaluated using the Bruggemann Comfort Scale (BCS). 
BCS is scored as 0 – persistent pain, 1 – painless in 
resting state and severe pain either during deep 
breathing or coughing or both, 2 – painless in resting 
state and slight pain either during deep breathing or 
coughing or both, 3 – painless during deep breathing, 
and 4  –  painless during coughing. Intravenous 
tramadol 50  mg given as rescue analgesia whenever 
a patient complained of pain and the VAS score was 
more than four. VAS and BCS scores were noted 
from the PACU, and then at 6, 12, 24 and 48 hours 
postoperatively. Occurrence of any intraoperative and 
postoperative complications and postoperative length 
of hospital stay were also noted.

Ammar et  al.[7] compared the TLIP block combined 
with general anaesthesia to general anaesthesia 
alone; for time to first request for analgesia, a mean 
difference of 360.7  min was observed between the 
arms. The standard deviation of time to the first 
request for analgesia was 126.47 in the control arm. In 
our study, a similar increase in the pain‑free interval 
by 5 h (300 min) was set as the margin to establish the 
superiority of TLIP over large volume infiltration. At 
an alpha error of 5% and power of 80%, the sample 
size was calculated as 54 in each arm using nMaster 
software version 2.0.

As per IRB recommendation, two interim analyses 
were done. We did the first interim analysis once 
one‑third of the sample size was achieved. The second 
interim analysis was done once two‑thirds of the 
sample size was achieved. In the first and the second 
interim analysis, we saw a significant difference in 
the proportion of patients requiring rescue analgesia. 
We considered the P value cut‑off limits suggested by 
Pocock, Peto and O’Brien‑Fleming methods before the 
decision to stop the trial based on results of interim 
analysis to avoid the increased chance of committing 
type  1 error.[8] Permission from IRB was obtained to 
terminate the trial after the second interim analysis 
and to publish the results of the same. So, the trial 
was terminated, and analysis conducted on the data 
collected from 71 patients is presented in the results.

Data were entered in Microsoft Excel Software and 
analysed using R software, version 4.0.1 (2020‑06‑06). 
In both groups, the continuous variables were 
summarised as mean and standard deviation or 
median with IQR depending on the distribution. 
Categorical independent variables were summarised 

as frequency and proportions. The continuous 
variables were compared between the groups using 
unpaired t‑test or Mann–Whitney U test depending on 
distribution. The categorical variables were compared 
between the groups using Chi‑square test or Fisher’s 
exact test depending on the distribution. As the gender 
distribution was not similar between the groups at 
baseline, adjusted analysis using multivariate logistic 
regression and multivariate linear regression was 
conducted to find out adjusted effect estimate of the 
intervention on the need for rescue analgesia and total 
tramadol consumption. Survival analysis for time to 
rescue analgesia was done using Kaplan–Meier curves 
and log‑rank test. Proportional Cox regression hazard 
ratio adjusted for gender was also calculated. A P value 
<.05 was considered to be statistically significant.

RESULTS

Eighty‑eight patients were screened for eligibility, of 
which 72 patients were enroled in the study. In total, 
72  patients received the randomised intervention. 
One patient in Group LI was excluded because spine 
instrumentation was not done due to an intraoperative 
change of plan. In the final analysis, 71 patients were 
included. The Consolidated Standards of Reporting 
Trials (CONSORT) flow diagram is shown in Figure 1.

The patient demographics and surgical characteristics 
are shown in Table  1. Patients in both groups were 
comparable except for the gender distribution. The 
time to first rescue analgesia was compared among 
those who needed rescue analgesia only. The median 
duration of time to first request for rescue analgesia 
in the TLIP group was 1440 min [interquartile range 
(IQR) 1290, 2280] and 340 min (IQR 180, 360) in the 
LI group with a P value <.001.

Table 1: Patient demographics and patient characteristics
Characteristic LI group 

(n=35)
TLIP group 

(n=36)
P*†

Mean age (SD) in years 51.2 (11.1) 53.2 (11.4) 0.45
Gender, n (%)

Male 10 (28.6) 20 (55.6) 0.02
Female 25 (71.4) 16 (44.4)

Mean weight (SD) in kg 70.4 (6.7) 71.6 (10.7) 0.59
Level of spine surgery, n (%)

Above L3 0 (0) 3 (8.3) 0.12
Below L3 35 (100) 33 (95.7)

Mean duration of surgery (SD) in 
minutes

147.6 (13) 152.1 (15) 0.18

*P‑value compares LI group with TLIP group. †Unpaired t‑test to compare age, 
weight, duration of surgery. Chi‑square test and Fisher’s exact test done compare 
gender and level of spine surgeries, respectively. SD: Standard deviation
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The total tramadol dose was compared among those 
who needed rescue analgesia in both groups. The mean 
tramadol consumption was 220.3 ± 86.9 mg in the LI 
group and 100 ± 40.8 mg in the TLIP group (P‑value 
<.001).

The proportion of patients who required rescue 
analgesia was significantly higher in the LI group 
compared to the TLIP group (91.4% vs. 27.8%, P value 
<.001). Table 2 shows the mean BCS scores at different 
observation points. The mean BCS scores were higher 
in the TLIP group at all time points with P  values 
<.001. The median VAS scores were significantly 
higher in the LI group with P values <.001 at all time 
points [Table  3]. Haemodynamic profile remained 
stable intraoperatively and postoperatively and no 
other complications were noted.

Results of the multivariate logistic regression indicated 
that there was a significant association between 
intervention, gender and need of rescue analgesia (χ2 (2) 
= 33.22, P  <.001). The individual predictors were 
examined further and indicated that TLIP  (z = −4.5, 
P = <.001) was a significant predictor and gender  (z 
= −0.5, P =0.65) was not a significant predictor in the 
model. After adjusting for gender, TLIP group had 96% 
less chance of needing a rescue analgesia compared to 
LI group.

Results of the multiple linear regression indicated that 
there was a significant collective effect between the 
gender, intervention type and total tramadol use (F (2, 
39) = 8.6, P value <.001, R2 =0.31). The individual 
predictors were examined further and indicated that 
TLIP  (t = −4.0, P  value <.001) was a significant 
predictor and gender  (t = −0.1, P value =0.89) was 
not a significant predictor in the model. The TLIP 

Table 2: Mean (Standard deviation) Bruggemann Comfort 
Scale scores at different time points in both intervention 

arms
Time LI group (n=35) TLIP group (n=36) P
PACU 3.1 (0.8) 4.0 (0.2) <.001
6 h 2.6 (0.9) 3.9 (0.2) <.001
12 h 2.4 (0.9) 3.9 (0.3) <.001
24 h 2.0 (0.8) 3.7 (0.6) <.001
48 h 2.0 (0.8) 3.2 (0.6) <.001
PACU: Post-anaesthesia care unit; n: number

Table 3: Median (interquartile range) Visual Analogue Scale 
scores of pain at different time points in both intervention 

arms
Time LI group (n=35) TLIP group (n=36) P
PACU 3 (3, 4) 0 (0, 1) <.001
6 h 4 (4, 5) 0 (0, 2) <.001
12 h 5 (4, 5) 2 (1, 3) <.001
24 h 5 (5, 6) 3 (2, 4.5) <.001
48 h 6 (4, 7) 4 (3, 5) <.001
PACU: Post-anaesthesia care unit; n:number

Enrolment
Assessed for eligibility (n = 88)

Excluded  (n = 16)
• Not meeting inclusion criteria (n = 16)
• Declined to participate (n = 0)
• Other reasons (n = 0)

Allocation

Randomised (n = 72)

Allocated to Thoracolumbar interfascial
plane block  (n = 36)
• Received block (n = 36)
• Did not receive block (n = 0)

Allocated to local anaesthetic infiltration
(n = 36)
• Received infiltration  (n = 36)
• Did not receive block (n = 0)

Followed up (n = 36)
• Lost to follow-up  (n = 0)

Followed up (n = 35)
• Lost to follow-up (n = 0)
• Removed from follow-up as
instrumentation of spine was not done
(n = 1)

Analysed (n = 36)
• Excluded from analysis (n = 0)

Analysed (n = 35)
• Excluded from analysis (n = 0)

Analysis

Follow-Up

Figure 1: CONSORT (2010) diagram showing the flow of patients
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group needed a mean decreased total tramadol dose of 
120 mg than the LI group adjusted with gender.

Kaplan–Meier curves for time and need for first rescue 
analgesia are shown in Figure  2. The log‑rank test 
revealed significantly lower survival in infiltration 
group compared to TLIP group with P  value <.001. 
Proportional Cox regression hazard ratio adjusted for 
gender was 0.1 [95% confidence interval: 0.05–0.2] in 
TLIP group compared to infiltration group [Figure 3].

DISCUSSION

Our trial demonstrates the superiority of the 
postoperative analgesia provided by the TLIP block 
compared to that of the wound infiltration with a local 
anaesthetic mixture. The patients who received TLIP 
block had a longer pain‑free interval and longer time to 
request the first dose of rescue analgesia. The total dose 
of rescue analgesic consumed was also significantly 
lower among the patients in the TLIP group. Patient 
comfort and analgesia were also improved in 
participants who had received the TLIP block.

Postoperative analgesia in spine surgeries is very 
challenging. Regional anaesthetic techniques 
including epidurals, erector spinae plane (ESP) block, 
and local anaesthetic wound infiltration have found 
a place in the management of postoperative analgesia 
and are considered an important component of the 
enhanced recovery pathway in spine surgeries.[9,10]

The TLIP block was first described by Hand et al.,[11] 
in 2015, where he demonstrated this block to result in 
a reproducible area of anaesthesia in the lower back 
in a group of volunteers. In the classically described 

technique, the drug was deposited in the fascial plane 
between the multifidus and longissimus muscles. 
Ahiskalioglu et  al.[12] described the modified TLIP 
(mTLIP) block where the drug is deposited in the fascial 
plane between longissimus and iliocostalis muscles.

Several trials have proven the perioperative analgesic 
efficacy of the TLIP and mTLIP blocks in various 
invasive and minimally invasive surgeries.[13,14] These 
blocks can help us in doing awake spine surgeries 
as well.[15] The TLIP block does not interfere with 
neurophysiological monitoring.[16] Ekinci et  al.[17] 
compared wound infiltration with the mTLIP block in 
lumbar discectomy surgeries where they used 40 ml of 
0.5% bupivacaine for the block and observed reduced 
postoperative opioid requirements in patients who 
received the block. The volume required for these 
blocks needs to be further studied.

Contradicting our study findings, Ince et al.[18] reported 
that TLIP block was not superior to wound infiltration 
in providing postoperative analgesia after single‑level 
discectomies. This finding may have resulted due 
to the less‑invasive nature of discectomies when 
compared to spine fusion surgeries. Other paraspinal 
blocks like the ESP have also been investigated for 
analgesia in spine surgeries.[19] The TLIP block targets 
the dorsal rami and provides more focused analgesia 
for spine surgeries. Similar paraspinal blocks have been 
investigated for utility in cervical spine surgeries.[20] 
The utility of dexamethasone as an adjunct in fascial 
plane blocks has already been proven.[21]

The competitive advantage of our study is that the 
novel technique was not compared to a placebo group; 
rather, infiltration with the same cocktail was used, 

Figure 2: Kaplan–Meier survival curve of patients in each arm based 
on time of first rescue analgesia

Figure  3: Forest plot of Cox proportional hazard ratio of rescue 
analgesia for TLIP group adjusted for gender
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which would eliminate the influence of systemic effects 
of local anaesthetics. Our study has a few limitations. 
The gender distribution was not comparable between 
the two groups. It might have occurred as the study 
was terminated at the interim analysis. As the study 
was conducted during the COVID‑19 pandemic, only 
essential surgeries were performed, which may have 
constrained the external validity of the results.

CONCLUSION

Our study demonstrated the postoperative analgesic 
of the TLIP block in posterior lumbar spine surgeries. 
The TLIP block resulted in a longer pain‑free interval 
and improved pain and comfort scores of the patients. 
This block has been adopted as the new standard of 
care in the perioperative management of lumbar spine 
surgeries at our institution. Since the TLIP block does 
not interfere with the motor power, it can contribute 
to early ambulation and enhanced recovery. More 
research needs to be done on the exact volume and 
concentration of the local anaesthetic drug needed for 
the TLIP block. Further exploration of the analgesic 
efficacy and safety of the TLIP block should be done 
by comparing it with other paraspinal blocks.
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INTRODUCTION

Thoracic surgeries often require one‑lung 
ventilation  (OLV) to achieve a quiet surgical field. 
Of all the available options for achieving OLV, the 
double‑lumen tube  (DLT) is the most popular and 
commonly used. The large size and complex structure 
of DLT make its insertion technically more difficult than 
the single lumen tube. The difficult airway may further 
add to the woes of the anaesthesiologist during DLT 
intubation. The efficacy of video laryngoscopes (VLs) 
with a single lumen tube in difficult intubation is 
well established and is often advocated.[1] However, 
evidence of the success of VL  (both channeled and 
non‑channeled) in DLT intubation is limited. The 
Airtraq DL™  (Prodol Meditec S.A, Vizcaya, Spain) is 

a prototype channeled VL specifically designed for 
DLT insertion. Its inbuilt channel can accommodate 
DLTs of sizes between 28 and 41 French [Figure 1]. The 
specially designed curvature of this device enables the 
alignment of the glottic axis with the DLT in spite of 
the latter’s preformed shape. Moreover, the design of 
the Airtraq DL™ obviates the need for the use of stylet 
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Comparison of Airtraq DLTM and Macintosh 
laryngoscope for double‑lumen tube placement in 
simulated difficult airway: A randomised study

ABSTRACT

Background and Aims: The Airtraq DL™ is a prototype channeled video laryngoscope, 
designed specifically for endobronchial intubation with a double‑lumen tube (DLT). Evidence on 
its superiority over Macintosh laryngoscope for DLT placement in the difficult airway is limited. 
This study compared the efficacy of both these laryngoscopes in the simulated difficult airway. 
Methods: A prospective randomised controlled study was conducted on 52 patients undergoing 
elective thoracic surgery with lung isolation using a left‑sided DLT. The patients were randomised 
into Airtraq DL™ group (group A) and Macintosh group (group M). The primary objective was to 
compare the time required for intubation, and the secondary objectives were to evaluate time to 
best glottic view, Cormack–Lehane (CL) grading, intubation difficulty score (IDS), manoeuvres, 
attempts at intubation, haemodynamic response and complications. Operating anaesthesiologists 
were also asked to grade the ease of laryngoscopy and intubation for both devices on a 4‑point 
Likert scale. Results: The mean time to intubation was found to be lesser in group A than in 
group M (18 ± 6.91 s vs 25.48 ± 9.47 s, P = 0.003). Group A showed better CL grading (P ≤ 0.001), 
lesser requirement of manoeuvres  (P = 0.02) and lower IDS  (P = 0.003). Also, group A had 
significantly better Likert scale results as compared to group M. Conclusion: The Airtraq DL™ is 
superior to Macintosh laryngoscope as it requires lesser time for intubation and provides favourable 
intubating conditions (better CL grading, lesser manoeuvres, lower IDS and improved Likert scales) 
for double‑lumen placement in the simulated difficult airway.

Key words: Airway management, laryngoscope, one‑lung ventilation, simulation

Access this article online

Website: www.ijaweb.org

DOI: 10.4103/ija.ija_119_22

Quick response code

How to cite this article: Mounika K, Kar P, Padhy S, Pathy A, 
Durga P. Comparison of Airtraq DLTM and Macintosh laryngoscope 
for double‑lumen tube placement in the simulated difficult airway: 
A randomised study. Indian J Anaesth 2022;66:442-8.

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. 56



Mounika, et al.: Airtraq DL™ vs Macintosh for DLT placement

443Indian Journal of Anaesthesia | Volume 66 | Issue 6 | June 2022

with DLT resulting in smooth manoeuvrability during 
advancement inside the Airtraq channel. This study 
compared the efficacy of the Airtraq DL™ and Macintosh 
laryngoscopes for DLT placement in a simulated 
difficult airway with the use of a Philadelphia neck 
collar. We hypothesised that Airtraq DL™ would require 
lesser time to intubation and provide a better glottic 
view, lower intubation difficulty score  (IDS), ease of 
laryngoscopy and intubation, lesser haemodynamic 
response and fewer complications.

METHODS

This prospective randomised controlled study was 
conducted in a tertiary teaching hospital between 
November 2020 and March 2021 on 52 consenting 
American Society of Anesthesiologists (ASA) I and II 
patients of either gender. Institutional ethics committee 
approval  (EC/NIMS/2439/2019) in accordance with 
the Declaration of Helsinki and Clinical Trial Registry 
of India  (CTRI) registration  (CTRI/2020/11/028984) 
was obtained before the initiation of the study. 
Patients scheduled for elective thoracic surgery 
under general anaesthesia, requiring lung isolation 
with left‑sided DLT placement were recruited in the 
study. Demographic data  (height, weight, gender) 
and clinical airway data such as inter‑incisor 
distance  (IID), mentohyoid distance  (MHD), 
thyromental distance  (TMD), sternomental 
distance (SMD), and Mallampati grading (MPG) were 
recorded preoperatively. Patients having bleeding 
disorders, actively secreting adrenal tumours, body 
mass index  >30 and anticipated difficult airways 
were excluded from the study. The patients were also 
excluded from the study if the study team was not 

available on the day of surgery or if the surgical plan 
was changed or if surgery was deferred.

The recruited patients received routine preoperative 
premedication and followed standard fasting orders. 
After shifting the patients to the operating room, ASA 
standard monitoring and entropy were connected, 
and intravenous access was secured. An arterial line 
was placed prior to induction, and baseline mean 
arterial pressure (MAP), heart rate (HR) and peripheral 
oxygen saturation values were noted. Epidural space 
was identified in T4–5/T5–6 interspace using an 
18‑gauge Tuohy needle with the loss of resistance 
to air technique, and a catheter was inserted. A  test 
dose of 3 mL of 2% lignocaine was given to rule out 
intrathecal/intravenous placement.

The patients were made to lie down in a supine position 
with the neck placed neutrally using a pad under the 
occiput. Tynor Philadelphia rigid cervical collar of 
appropriate size  (available in S, M, L, XL sizes) was 
applied to simulate a difficult airway. The patients 
were excluded from the study if their IID was <2 cm 
after collar application (as Airtraq DL™ requires an IID 
of a minimum of 19 mm for its insertion).

The patients were preoxygenated with 100% oxygen 
for 3 min and premedicated with intravenous fentanyl 
2 µg/kg. Induction was achieved with a graded dose of 
propofol to attain an entropy of 40–60. After confirming 
the ability to ventilate, an injection of rocuronium 
1 mg/kg was administered to facilitate intubation. At 
this point, the sealed envelope containing the group 
allocation as per computer‑generated randomisation 
chart was opened, and the allocated laryngoscope was 
kept ready. In the case of group A (Airtraq DLTM group), 
the stylet of DLT was removed, and the DLT was 
preloaded into the integrated channel of an Airtraq DLTM 
as per manufacturer instructions. A  universal phone 
adaptor for smartphones®  (Prodol Meditec, Vizcaya, 
Spain) was attached to the Airtraq DLTM after removing 
the eye cup. A smartphone enabled with Airtraq mobile 
app was then attached to the adaptor [Figure 1]. Glottic 
visualisation was done during intubation using the 
above assembly. In group M, a Macintosh laryngoscope 
was used for intubation under direct vision using 
DLT with stylet in  situ. The decision on the size of 
DLT to be used was at the discretion of the attending 
anaesthesiologist. The size of DLT used was noted.

The intubations were performed by anaesthesiologists 
who had an experience of at least 8 years in thoracic 

Figure 1: Airtraq DLTM  (a) Airtraq DLTM with eye cup, (b) Airtraq 
DLTM with preloaded double lumen tube, (c) universal adaptor for 
smart phones. (d) Airtraq, universal adaptor and smart phone assembly

d

c

ba
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anaesthesia and who had performed at least 20 DLT 
intubations with an Airtraq DL™ prior to the study. 
During laryngoscopy, Cormack Lehane (CL) grade 
and time to best glottic view were noted. This was 
defined as the time from passage of the designated 
laryngoscope’s blade between the incisors to achieve 
the best view of the vocal cords. In group  A, after 
visualisation of the glottis, the DLT was negotiated 
into the glottic opening and advanced without any 
further rotation. For the Macintosh laryngoscope, the 
DLT was rotated 90° to the left after the bronchial 
cuff entered the glottis and was advanced further. 
The advancement of DLT was stopped in both groups 
when the pre‑decided length of the tube reached 
the angle of mouth. This was decided based on the 
height‑based formula [(height in cm/10) + 12] being 
approximated to the nearest whole number. After 
tracheal cuff inflation and connection of the circuit, 
the end‑tidal carbon dioxide  (EtCO2) curve was 
checked. Total time for intubation was defined as 
the time from the beginning of laryngoscopy till the 
appearance of the first deflection in EtCO2 trace. Later, 
the bronchial cuff was inflated, and the adequacy of 
isolation was checked by auscultation and fibreoptic 
bronchoscopy  (FOB). Minor adjustments in the form 
of slight pulling or pushing of the tube (<1 cm) were 
done if required. If a patient could not be intubated 
or isolation could not be achieved  (with  <1  cm 
adjustment), the DLT was removed, and reintubation 
was attempted with the same allocated laryngoscope. 
It was considered a failure after three unsuccessful 
attempts. These patients were excluded from the 
final analysis, but the numbers of failures were 
noted in each group. If failure to intubate or achieve 
isolation was encountered, the Philadelphia collar 
was removed, and routine intubation practice was 
followed along with FOB‑guided confirmation of 
DLT position. Other parameters such as the number 
of attempts, manoeuvres required and IDS were 
noted. The haemodynamic response to intubation 
(MAP and HR) at 1, 2 and 5 min after intubation were 
recorded. Complications like oropharyngeal trauma, 
cuff rupture and desaturation were also noted. The 
patients were followed up for the incidence of 
postoperative hoarseness. The patients with serious 
airway trauma or continuous bleeding interfering 
with the vision even after suctioning, significant 
haemodynamic instability requiring the initiation of 
vasopressors or vasodilators, desaturation <90% not 
improving with ventilation with 100% oxygen were 
also excluded from the analysis. After the intubation, 

the operating anaesthesiologists were asked to grade 
the ease of laryngoscopy and intubation on a 4‑point 
Likert scale (very easy/easy/difficult/very difficult)

The sample size was determined  (using free online 
software G power) based on our pilot study of 
10 patients, where the time to intubation was 18 ± 5.4 s 
and 24.5 ± 6.3 s in the Airtraq and Macintosh groups, 
respectively. With an alpha error of 5% and power of 
95%, a sample size of 23 in each group was required 
to detect a time difference of 6.5 s between the two 
groups for intubation. However, a total of 52 patients 
(26 in each group) were recruited to account for 
possible exclusions. The statistical analysis was done 
using Statistical Package for Social Sciences software 
version  20  (2011, International Business Machines, 
Armonk, United States of America). Continuous 
variables were expressed as mean and standard 
deviation. Categorical variables were expressed as 
frequency and percentage. Unpaired Student’s t‑test 
was applied to compare continuous variables between 
the two groups. Analysis of variance  (ANOVA) of 
repeated measures with post‑hoc analysis using 
the Tukey test was done to compare haemodynamic 
variables within the group. Categorical variables were 
analysed using Chi‑square test when the expected 
number in any cell of the contingency table was >5. 
If not, Fisher’s exact t‑test was applied. A  two‑tailed 
P value of <0.05 was considered significant.

RESULTS

Out of the 52 recruited patients, 1 in each group was 
excluded. Thus, 50  patients were included in the 
final analysis  [Figure  2]. The demographic variables 
and airway parameters were comparable in both 
groups  [Table  1]. The mean time to intubation was 
shorter in group A than in group M. However, the time 

Table 1: Demographic and airway parameters
Parameter Group A 

(Mean±S. D)
Group M 

(Mean±S. D)
P

Age (years) 38.28±12.23 44.48±13.42 0.09
Gender (Male/female) 17/8 13/12 0.24
Height (in cm) 164.64±7.64 160.24±9.95 0.08
Weight (in kg) 57.36±12.81 55.64±10.61 0.60
IID (in cm) 5.08±0.68 4.88±0.67 0.40
MHD (in cm) 5.46±0.76 5.12±0.84 0.16
TMD (in cm) 8.56±1.42 8.64±1.59 0.85
SMD (in cm) 14.3±1.58 14.24±1.98 0.82
MP Grade (I/II) 15/10 17/8 0.55
IID‑ Inter incisor distance, MHD‑ Mentohyoid distance, TMD‑ Thyromental 
distance, SMD‑ Sternomental distance, MP grade‑ Mallampati grade. Group 
A‑ Airtraq DL™ Group, Group M‑ MacIntosh Group. S. D - Standard Deviation
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to best glottic view was not statistically different in both 
the groups. The other intubation parameters (CL grade, 
IDS and manoeuvres required) were also significantly 
different in both groups and were suggestive of better 
intubating conditions in group  A  [Table  2]. Both the 
groups did not differ in the number of attempts required 
to intubate. However, in the Airtraq DLTM group, lesser 
number of second attempts were observed. The size of 

DLT used ranged between 28 and 37 French. There was 
no statistical difference between the sizes of the tubes 
used in the two groups (P = 0.516). The 4‑point Likert 
scale showed that group A was statistically better than 
group M both for the ease of laryngoscopy and ease of 
intubation (P‑value 0.03 and 0.018 for laryngoscopy and 
intubation, respectively) [Figure 3]. The MAP and HR 
in both the groups were comparable at the baseline and 
at 1, 2 and 5 min after intubation [Table 3]. Although the 
MAP and HR increased at 1, 2 and 5 minutes from the 
baseline, the change was not of statistical significance. 
Only three patients had oropharyngeal trauma in the 
entire study  (one in group  A and two in group  M). 
A case of cuff rupture was encountered in group A after 
the first failed attempt. The DLT was changed for the 
second attempt, and successful intubation was done. 
The complications were comparable in both groups. Six 
cases complained of sore throat in the post‑operative 
period  (four in the Airtraq group and two in the 
Macintosh group). The incidences of complications in 
both groups were not different statistically. There was 
no incidence of desaturation in the study.

DISCUSSION

The present study suggests that the Airtraq DL™ 
requires a shorter time to intubation and provides 
better intubating conditions as compared to the 
conventional Macintosh laryngoscope during 

Figure 2: Consolidated Standards of Reporting Trial(CONSORT)flow chart for patient recruitment

Table 2: Intubation parameters
Parameter Group A Group M P
Continuous Variables
Expressed as (Mean±S.D)

Time to Best glottic view (seconds) 7.08±4.41 9.5±4.34 0.06
Total time to Intubation (seconds) 18±6.92 25.48±9.47 0.003

Categorical Variables
Expressed as Number of patients

CL grade
1
2
3

23
2
0

7
16
2

0.001

Attempts
1
2
3

23
2
0

17
8
0

0.07

Manoeuvres required (no/yes) 20/5 11/14 0.02
IDS

0-1
2-3
≥4

22
3
0

12
10
3

0.003

CL‑ Cormack Lehane, IDS‑ Intubation difficulty score. Group A‑ Airtraq DL™ 
Group, Group M‑ MacIntosh Group. S.D‑ standard deviation
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left‑sided DLT placement in the simulated difficult 
airway.

Tracheal intubation consists of three critical sequential 
steps. These include achieving an optimal glottic 
view, delivering the tip of the tube to the glottis and 
the advancement of the tube.[2] The procedure is more 
challenging during the placement of DLT because of 
its large external diameter, peculiar shape and more 
rigid configuration. Difficult airway further adds to the 
glitches during DLT use. The recent ASA guidelines 

for the management of the difficult airway suggest 
the use of VLs as a choice for tracheal intubation in 
patients with predicted and unpredicted difficult 
airways.[1] In the survey by Shruthi A et al.[3] on the 
role of VLs in the difficult airway, VL was voted as the 
first choice in the unanticipated difficult airway. The 
VLs have an advantage as they do not require aligning 
airway axes (oral‑pharyngeal‑laryngeal) for optimal 
glottic visualisation. The role of non‑channeled VLs 
in DLT placement has been studied more extensively 
than channeled VLs.[4,5] As per our knowledge, there 
are no previous studies comparing the efficacy of 
Airtraq DL™ and Macintosh laryngoscopes for DLT 
placement in human subjects with simulated difficult 
airways (with Philadelphia cervical collar). The only 
similar study on Airtraq DL™ in the simulated difficult 
airway was conducted by El Tahan and colleagues in 
a randomised, controlled, crossover mannequin study 
using prone head rest and adhesive head tape for 
difficult airway simulation.[6]

Airtraq DL™ offers various options for the visualisation 
of glottic view, which include a direct view through 

Figure 3: Likert scale for ease of laryngoscopy and intubation

Table 3: Haemodynamic response to intubation
Parameters Group A 

(Mean±S.D)
Group M 

(Mean±S.D)
P

MAP (T0) (mm Hg) 92.20±20.86 96.32±16.01 0.43
MAP (T1) (mm Hg) 101.60±16.71 105.60±20.66 0.45
MAP (T2) (mm Hg) 100.92±17.83 99.12±18.45 0.72
MAP (T5) (mm Hg) 102.16±17.01 100.60±21.34 0.77
HR (T0) 97.12±18.34 95.04±15.86 0.67
HR (T1) 98.20±12.31 96±15.74 0.58
HR (T2) 99.12±16.16 96.44±14.60 0.54
HR (T5) 98.76±15.86 97.20±14.07 0.7
T0‑ baseline, T1‑1 min after intubation, T2‑2 min after intubation, T5‑5 minu 
after intubation. MAP‑ mean arterial pressure, HR‑ heart rate. Group A‑ Airtraq 
DL™ Group, Group M‑ MacIntosh Group. S.D‑ standard deviation
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the eyepiece, a video system, a universal smartphone 
adaptor and an endocam connection. The new 
universal smartphone adaptor used in conjunction 
with Airtraq is cheap, efficient and easy to use and 
is thus gaining popularity. Ajimi et  al.[7] reported 
smooth and successful DLT intubation with the use 
of a combination of an Airtraq DL™ and a smartphone 
adaptor in a patient with a difficult airway. 
A  mannequin study conducted by the same authors 
also concluded that the use of a universal smartphone 
adaptor with Airtraq DL™ significantly reduced 
intubation time.[8] In the present study, we also found 
the universal phone adaptor useful in improving the 
vision and convenience during the procedure.

The average time to intubation of DLT using Airtraq 
DL™ varies between 20.1 and 81 s across various 
studies.[6,9‑12] This variation could be due to differences 
in definitions used for time to intubation or different 
inclusion criteria for the study sample (predicted easy 
airway, predicted difficult airway, or simulated difficult 
airway). In the present study, CL Grade  1 was 
visualised in 92% of the patients in the Airtraq DL™ 
group as compared to 68% in the Macintosh group. 
Other investigators also reported a higher incidence 
of CL grade  1 visualisation with Airtraq DL™ (86%–
100%).[9,11‑13] Better laryngoscopic view due to universal 
phone adaptor, improved CL grade and prior training of 
the operators might explain the shorter intubation time 
of the Airtraq group in the present study. Our study 
had a first attempt success rate of 92% in the Airtraq 
group similar to previous studies.[6,9,12,14]

The intubation difficulty scale was proposed by Adnet 
et  al. in 1997.[15] Although it remains controversial 
whether the IDS is suitable for the evaluation of VLs, 
many authors have used IDS for grading the difficulty 
of intubation with various VLs.[16,17] In the present 
study, lower IDSs were noticed in the Airtraq DL™ 
group.

Apart from the use of quantitative objective scores, 
subjective assessment of ease of laryngoscopy and 
intubation was also done by interviewing the operators 
on a 4‑point Likert scale. The operators seemed to find 
laryngoscopy and intubation easier with Airtraq in a 
simulated difficult airway. El‑Tahan and colleagues 
compared four laryngoscopes and found Airtraq to be 
the easiest to manipulate with a mean score of 1.1 on 
a 5‑point Likert scale.[14] DLT insertion per se is more 
likely to be associated with a higher incidence of sore 
throat, hoarseness and trauma due to its larger size. 

Furthermore, Airtraq for DLT is larger than the Airtraq 
for a conventional endotracheal tube. This may be the 
reason for the high incidence (16%) of sore throat in 
the Airtraq group in our study. Previous studies report 
a sore throat incidence of between 17% and 24%.[9,10,12] 
Only one out of 25 patients in the Airtraq group had 
trauma in our study. An incidence of 27% and 37.7% 
has been reported by Wasem et  al.[9] and El‑Tahan 
et al.,[14] respectively.

In the present study, both the groups recorded an increase 
in MAP and HR from the baseline after intubation, which 
is a normal laryngoscopy and intubation response. 
Similar results were reported by Hamp et al.[18]

Our study has several limitations. First, these two 
laryngoscopes are completely different in terms of 
shape and size. Thus, it was impossible to blind the 
investigator in this study. The use of a solo operator 
versus multiple operators always poses a dilemma. 
Our study had two operators for intubation, thus 
introducing some bias. Airtraq DL™ requires a 
minimum of 19 mm mouth opening for its insertion. 
Thus, the results of the study do not apply to patients 
with severe restrictions in mouth opening.

CONCLUSION

The Airtraq DL™ is superior to the Macintosh 
laryngoscope for DLT insertion in the simulated 
difficult airway as it requires lesser time for intubation 
and provides favourable conditions for intubation.
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INTRODUCTION

Supraglottic airway (SGA) devices are a well‑established 
tool in the armamentarium of anaesthesiologists 
involved in airway management. According to National 
Audit Project‑4 (NAP‑4), 56% of surgeries under 
general anaesthesia are performed using SGAs.[1] Less 
invasive than endotracheal intubation, SGAs are now 
especially popular in outpatient surgeries as well as 
rescue devices in management of airway crisis.[2]

I‑gelTM (Intersurgical, Wokingham, Berkshire, UK), 
a second‑generation SGA device provides a cuffless 

perilaryngeal sealing mechanism. It can be inserted 
easily with minimal risk of tissue compression, and 
its in‑built bite block and a reinforced tip, provides 
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Background and Aims: This study was designed to compare the efficacy of Macintosh 
laryngoscope‑guided insertion of I‑gelTM with the conventional blind insertion technique. 
Methods: A  total of 156 adult patients scheduled to undergo elective surgery under general 
anaesthesia were included.All participants were randomly divided into two groups; I‑gelTM was 
inserted with conventional blind and Macintosh laryngoscopic‑guided technique in group A and B 
respectively. The primary objective of the study was to determine the incidence of optimal positioning 
in both the groups based on fibreoptic bronchoscope score of the glottic view. Oropharyngeal leak 
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the device were comparable in both groups. Conclusion: When compared to the standard blind 
insertion technique, laryngoscope‑guided insertion of I‑gelTM results in better alignment with the 
laryngeal inlet providing a proper anatomical fit and better airway seal pressure.
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a more patent airway. Blind insertion technique as 
described by Brain is most widely used to insert I‑gelTM 

and other SGAs. Imaging studies and studies based 
on the clinical evaluation of performance, fibreoptic 
and ultrasound examination, have consistently shown 
the suboptimal placement when SGAs are inserted 
blindly, with the incidence of malposition ranging from 
50‑80%.[3,4] Malpositioning of SGA can lead to various 
complications such as gastric insufflation, increased 
chances of aspiration, insufficient tidal volume, air 
leak, airway obstruction, blood staining of device, 
tissue trauma and nerve injuries.[5] Under vision I‑gelTM 

insertion techniques have been described to maximise 
their intended function and to achieve ideal anatomic 
position.[6]

We hypothesised that the readily available Macintosh 
laryngoscope could be used as an effective tool to 
improve success rate when I‑gelTM is used to secure the 
airway, in settings where advanced airway equipments 
like videolaryngoscope, etc., are not available. In the 
present study, we aimed to compare the accuracy and 
efficacy of Macintosh laryngoscope‑guided under 
vision insertion technique of I‑gelTM with the standard 
blind insertion technique in terms of fibreoptic 
bronchoscope (FOB) grading of the glottic view and 
oropharyngeal leak pressure (OPLP) measurements.

METHODS

Following the institutional ethics committee approval 
(SNMC/IEC/2021/plan/386) and registering the  
trial in the Clinical Trials Registry of India 
(CTRI/2021/05/033457), the study was conducted at a 
tertiary care centre from May 2021 to October 2021. 
A  total of 156  patients, of either gender [American 
Society of Anesthesiologists  (ASA) physical status 
I and II, age 21‑50 years, body mass index  (BMI) 18 
to 25kg/m2], scheduled to undergo elective surgical 
procedures in the supine position were studied. Patients 
with anticipated difficult airway (Mallampati score >2 
or mouth opening  <3  cm), morbid obesity, patients 
with active upper respiratory tract infection, patients 
at risk of gastric aspiration, pregnant patients and the 
patients requiring active neurosurgical intervention 
were excluded. The principles of the Declaration of 
Helsinki were followed while conducting the study.

Participants were randomised using block 
randomisation technique into two groups, Group  A 
and Group  B; with 78 study participants in each 
group. In Group  A, I gelTM was inserted by the 

conventional blind insertion technique and in 
Group  B, it was inserted under vision using the 
Macintosh laryngoscope. All patients were examined 
during the pre‑operative visit, one day prior to surgery 
and were advised to remain nil per oral (NPO) as per 
Indian Society of Anaesthesiologists  (ISA) fasting 
guidelines.[7] In the operation theatre  (OT), pulse 
oximetry (SpO2), non‑invasive blood pressure (NIBP), 
electrocardiogram  (ECG) were attached, an 18G 
peripheral venous cannula was secured and baseline 
reading of vital parameters were recorded. All patients 
were premedicated with intravenous (IV) midazolam 1 
mg, IV xylocaine 2% 1 mg/kg and IV fentanyl 2 µg/kg. 
Induction was done with IV propofol 2 mg/kg. After 
assessing the adequacy of bag and mask ventilation, 
IV atracurium 0.5  mg/kg was given. All patients 
were oxygenated with 100% oxygen for 3  min prior 
to I‑gelTM insertion. An appropriate size I‑gelTM was 
selected, in accordance with the patient’s weight, as 
per manufacturer’s recommendation and inserted 
using midline approach with the patient in the sniffing 
position. In group  A, I‑gelTM was glided downwards 
and backwards along the hard palate using index 
finger with a continuous but gentle push until a 
definitive resistance was felt. In group B, Macintosh 
laryngoscope blade was inserted up to the vallecula, 
tongue was displaced laterally and epiglottis lifted 
anteriorly under vision without necessarily visualising 
the vocal cords or the tracheal opening. The lubricated 
I‑gelTM was then advanced till the proximal bowl of the 
I‑gelTM got positioned just below the epiglottis. In all 
patients, I‑gelTM was inserted by an anaesthesiologist 
having experience of at least 100 insertions or five 
years of experience in airway management.

After placement of I‑gelTM , OPLP was measured by 
closing the expiratory valve of the circle system at a 
fixed gas flow of 3L/min at manual mode of ventilation. 
OPLP was measured at the point at which airway 
pressure reached the equilibrium, detectable by audible 
air leak or noise, using a stethoscope placed just lateral 
to the thyroid cartilage. To ensure safety, maximum 
allowable OPLP was fixed at 40  cm of H2O.[6,8,9] The 
FOB (Olympus Porta View LF‑TP flexible tracheal 
intubation fibrescope with outer diameter of 5.2 mm; 
working length of 600 mm) was then passed through 
the airway tube of I‑gelTM with its tip resting over the 
tip of I‑gelTM and the glottic view was recorded and 
graded using Brimacombe score; Grade 0: Functional 
failure with the vocal cord invisible, Grade  1:Vocal 
cords not seen, but function adequate, Grade 2:Vocal 
cords and anterior epiglottis seen, Grade 3: Vocal cords 
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and posterior epiglottis seen, Grade 4:Only vocal cords 
visible.[10]A FOB score of ≤2 was considered suboptimal 
and a score of 3 and 4 was considered optimal for the 
anatomical fit of I‑gelTM .

Successful placement of the device and effective 
ventilation was confirmed by square wave 
capnography, presence of bilateral equal chest rise and 
delivery of adequate tidal volumes. The leak volume 
and peak inspiratory airway pressures were monitored 
continuously. Throughout the surgery, anaesthesia was 
maintained with sevoflurane 1.2‑2%, patients being 
ventilated on controlled mode with fractional inspired 
oxygen concentration (FiO2) of 50%, using a mixture 
of oxygen and air. OPLP, FOB score, haemodynamic 
parameters and insertion characteristics (time taken 
for I‑gelTM insertion, ease of insertion and number of 
attempts at insertion) were recorded by an independent 
observer who was blinded to the insertion technique. 
A  maximum of three attempts were allowed for 
I‑gelTM insertion using either of the techniques in all 
the patients. Patients in whom successful placement 
of I‑gelTM was not possible after three attempts were 
intubated with endotracheal tube and were excluded 
from the study. At the end of surgery, neuromuscular 
blockade was reversed and I‑gelTM was removed after 
the patient had spontaneous rhythmic respiration 
and was able to open his/her mouth on command.
The I‑gelTM was observed for any blood staining by an 
independent researcher blinded to group allocation. 
Patients were observed in the post‑anaesthesia care 
unit for any episodes of desaturation, nausea and 
vomiting, sore throat or hoarseness of voice.

With reference to a previous study, the total participants 
studied in blind group and laryngoscopic‑guided 
insertion group were different, proportion of patients 
with optimal positioning of the airway device being 
45% and 67%, respectively.[9] Using these proportions, 
as reference for estimating the sample size, the sample 
size was calculated with a two‑sided alpha of 0.05 and 
a power of 80% along with a confidence level of 95%. 
Considering contingency as mentioned in the reference 
article, sample size calculated was 76 patients in each 
group. Since we had randomised the study participants 
using block randomisation method with blocks of size 
6, a minimum of 78 participants were studied in each 
group.

All statistical analyses were performed using MedCalc 
for Windows, (MedCalc Software, and version  19.3 
Ostend, Belgium). Categorical data/results were 

presented as ratio or percentage, continuous data 
were presented as mean  ±  standard deviation or 
median (95% confidence interval). Chi‑square test 
was used to analyse the categorical variables while 
intragroup comparison of mean changes in outcomes 
was evaluated by unpaired t test. The strength of 
association between insertion technique and the 
anatomical fit of the device was calculated in terms 
of relative risk ratio. The statistical significance was 
represented as confidence interval  (CI) and the level 
of significance was set at P < 0.05.

RESULTS

Out of the 180 participants enroled for the study; 
24  patients were excluded, 20  patients had reactive 
airway symptoms and 4 denied to participate in the 
trial. A total of 156 patients were included in the final 
analysis [Figure  1]. The demographic profile, ASA 
status and anaesthesia time was comparable in both 
the groups [Table 1].

When visualised through the FOB, it was noticed that 
optimal position of I‑gelTM was achieved in 96.15% 
patients in group B when compared to 60.26% patients 
in group A (P < 0.0001). The relative risk of suboptimal 
positioning in the Macintosh laryngoscope‑guided 
insertion group was 0.0968 when compared with 
the standard blind insertion technique, which 
accounts for a 86.98% relative risk reduction  (RRR) 
for suboptimal positioning when I‑gelTM was inserted 
under laryngoscope‑guided vision (0.0968 with 95% 
CI  [0.0309‑0.3034], P  value  =  0.0001) [Figure  2]. 
The OPLP was higher in the laryngoscope‑guided 
insertion group in comparison to the blind insertion 
group (26.89  ±  3.37 with 95% CI  [26.13‑27.66] 
versus 24.42  ±  3.00 with 95% CI  [22.74‑25.10], 
respectively; P  <  0.0001). The time taken for 
insertion of I‑gelTM was significantly longer in 
Group B than in Group A (17.70 ± 3.26 seconds and 

Table 1: Demographic profile
Variables Group A 

(mean±SD)
Group B 

(mean±SD)
P

Age 33.38±8.84 35.83±8.80 0.085
Weight 65.76±7.22 65.96±7.23 0.868
Gender (Male/Female, n) 36/42 14/64 0.0002
ASA PS (I/II, n) 48/30 50/28 0.740
MPG (1/2, n) 24/54 22/56 0.725
Anaesthesia time 42.61±7.29 42.02±5.58 0.571 
Values are presented as mean±standard deviation (SD) or numbers. Group 
A: Blind insertion group; Group B: Macintosh laryngoscope‑guided insertion 
group. ASA PS: American Society of Anesthesiologists physical status; 
MPG: Mallampati grading
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12.91 ± 2.95 seconds, respectively), but the difference 
was not clinically relevant. The rate of successful 
insertion at the first attempt was 92.31% in Group A 
versus 97.44% in Group B (P = 0.106). Postoperatively, 
incidence of blood staining of I‑gelTM was higher in 
Group  B but was statistically not significant when 
compared with Group  A  (7.69% in Group  B versus 
16.67% in Group A, P = 0.086) [Table 2]. There were 

no incidences of clinically significant alterations in 
the haemodynamic profile and stable vital parameters 
were observed throughout the procedure in both the 
study groups [Table 3 and Figure 3].

DISCUSSION

Our study findings demonstrate that there is a 
39.74% risk of suboptimal positioning of I‑gelTM 

when I‑gelTM is inserted using the standard blind 
insertion technique, compared to only 3.85%, when 
the same is inserted under vision using Macintosh 
laryngoscope, implying a relative risk of less than 1, 

that is, the risk of suboptimal positioning decreases 
by 86.98%, when I‑gelTM is inserted under vision.The 
laryngoscope‑guided technique also achieves higher 
OPLP values, suggesting significant improvement in 
the anatomic fit and a better airway seal of the device.

Conventionally, I‑gelTM is inserted blindly, however, it 
can be unreliable due to various reasons such as, the 

Figure 1:Consolidated Standards of Reporting Trials (CONSORT) Flow Diagram

Figure 2: Incidence of malposition. No.: Number
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tip of device folding over/backward, tip of distal cuff 
positioned between the vocal cords, epiglottis lying 
in the bowl of I‑gelTM with downfolding, distal cuff 
of the device lying in the laryngopharynx or glottic 
compression.[4,5] The advancement in anaesthesia 
practice is towards securing airway devices under 
vision rather than inserting them blindly, for which 
several techniques and devices such as laryngoscopes, 
lightwand, C‑MAC videolaryngoscope and other 
videolaryngoscopeshave been used.[6,9,11‑15]

A multicentre prospective observational study on 
insertion characteristics of Laryngeal Mask Airway 
(LMA) ProtectorTM has shown that additional in 
situ manoeuvres were required in 63% subjects; 
23% subjects had inadequate ventilation and 
28% subjects had difficult/impossible gastric tube 

insertion when LMA ProtectorTM was inserted by the 
conventional blind insertion technique with only 
66% subjects achieving suitable placement of the 
SGA.[16] Another study conducted by Zundert et al.,[17] on 
“insert‑detect‑correct‑as‑you‑go” insertion technique 
has also concluded that under-vision insertion 
has  more than 94% chances of optimal positioning 
of LMA‑Supreme and LMA‑Protector. Similar studies 
conducted using lightwand as a guide for LMA 
insertion have shown better fibreoptic laryngeal 
view when compared with standard blind insertion 
techniques.[12,13] Campbell et  al.[15] reported the ideal 
FOB scores in 91.5% patients when LMA was inserted 
under direct laryngoscope guidance compared to only 
42% when it was inserted blindly.

If FOB is not available, OPLP could be used as a 
surrogate measure of correct alignment and airway 
seal for SGAs.[18] Several studies have reported 
the effectiveness of under‑vision‑guided insertion 
techniques of SGA devices in terms of attaining higher 
OPLPs.[6,9,11‑12] Kim et al.[9] in their study, reported higher 
OPLPs when LMA  (LarySealTM ) was inserted under 
laryngoscope guidance  (21  ±  8.6  cm of H2O) when 
compared to blind insertion technique (18.1 ± 6.1 cm 
of H2O). Similar study conducted by Ozgul et al.,[6] 
also obtained higher OPLP values of ProSealTM LMA 
in videolaryngoscope‑guided insertion group in 
comparison to the blind insertion technique.Under 
vision insertions of SGAs using lightwand, video‑stylet, 

Table 2: Comparative data of I‑gel™ insertion techniques
Parameter Group A 

(mean±SD)
Group B 

(mean±SD)
P

Incidence of 
malposition

<0.0001
RR: 0.0968
RRR: 1‑ RR 

i.e.,0.868 
(86.8%)

Not optimal position 
(FOB score ≤2)

39.74% 3.85%

Optimal position 
(FOB score 3 and 4)

60.26% 96.15%

Oropharyngeal leak 
pressure value

24.42±3.00 26.13±27.66 <0.0001

Ease of device 
insertion

0.080

Very easy 33.33% 19.23%
Easy 60.26% 76.92%
Difficult 6.41% 3.85%

Total insertion time 12.91±2.95 17.70±3.26 <0.0001
Number of attempts 
at insertion

0.106

First attempt 92.31% 97.44%
Second attempt 7.69% 2.56%
Blood staining on 

the I‑gelTM 
16.67% 7.69% 0.086

Values are presented as mean±SD or proportions. Group A: Blind 
insertion group; Group B: Macintosh laryngoscope‑guided insertion group. 
FOB: Fibreoptic bronchoscope; RR: Relative risk; RRR: Relative risk reduction; 
SD: Standard deviation. P <0.05 is considered statistically significant

Table 3: Haemodynamic parameters
Parameter Group A 

(mean±SD)
Group B 

(mean±SD)
P

HR
Pre‑op 76.68±8.85 76.59±6.81 0.942
At 1 minute 81.86±8.57 83.28±7.97 0.284
At 5 minutes 80.62±7.96 81.55±7.7 0.813
At 10 minutes 78.42±7.21 80.55±7.77 0.319
At 15 minutes 77.53±6.8 79.42±7.56 0.101
At 20 minutes 77.04±6.32 78.27±6.82 0.244
At 25 minutes 76.19±5.73 77.18±6.27 0.306
At 30 minutes 75.64±5.27 76.01±5.21 0.658

MAP
Pre‑op 90.61±7.36 90.3±6.86 0.753
At 1 minute 91.87±7.01 93±6.23 0.285
At 5 minutes 90.26±5.1 91.62±4.97 0.093
At 10 minutes 88.74±4 89.65±4.33 0.164
At 15 minutes 88.58±3.72 89.01±4.16 0.504
At 20 minutes 88.44±3.51 89.01±3.61 0.289
At 25 minutes 88.62±3.47 88.96±3.26 0.489
At 30 minutes 88.22±3.2 88.88±2.92 0.175

Values are presented as mean±SD. Group A: Blind insertion group; Group B: 
Macintosh laryngoscope‑guided insertion group. HR: Heart rate; MAP: Mean 
arterial pressure; Pre‑op: Pre‑operative; SD: Standard deviation. P <0.05 is 
considered statistically significant

Figure 3: Mean Arterial Pressure (MAP) and mean Heart Rate Variation
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etc. result in OPLP values within a range of 26‑30 cm 
of H2O.[12,13] The OPLP values that we obtained in our 
study, in the Macintosh laryngoscope‑guided insertion 
group  (26.89 ± 3.37 cm H2O) were comparable with 
these OPLP values.

Videolaryngoscope does offer added advantages 
over conventional or direct laryngoscopy in terms of 
technical benefit by providing a larger, brighter and 
higher resolution image as the customary viewing angle 
of 15° is extended to 60°‑80°, however, it may not be 
readily available in all clinical settings.[19,20] However, 
the Macintosh laryngoscope is readily available in all 
OTs, providing a cost‑effective alternative and safe 
tool in these situations, to maximise the chances of 
successful placement of SGAs.

In our study, we also did not observe any significant 
increase in adverse events due to sympathetic 
stimulation caused by direct laryngoscopy, which 
may probably be due to the laryngoscopy technique, 
applied, that is, just gently lifting the epiglottis and 
not necessarily visualising the tracheal opening or 
the vocal cords.Though the mean insertion time 
was longer in laryngoscope‑guided I‑gelTM insertion 
group due to obvious reasons, the difference was not 
clinically relevant.

Implementing the idea of assisted under vision 
placement of I‑gelTM will not only improve the quality of 
airway care but will also increase the proficiency of the 
device insertion and handling by naïve users.[21] As we 
have evolved from the conventional blind techniques 
to vision‑guided techniques for central venous 
catheters insertion and peripheral nerve blocks, the 
need of the hour is to practise the under‑vision‑guided 
techniques to ensure effective placement and function 
of SGA devices and in many settings, the unavailability 
of videolaryngoscope may be one of the main hurdles 
for it. As Macintosh laryngoscope‑guided insertion 
of I‑gelTM achieved similar OPLP values and insertion 
characteristics and also resulted in comparable FOB 
scores to that obtained with the advanced assisted 
devices, this cost‑effective and simple tool could be 
used as a substitute to guide ‘under vision’ insertion 
of SGA devices.

This study has certain limitations. First, the leak 
volume and peak inspiratory pressures were not 
documented, although monitoring of these parameters 
was not neglected throughout the procedure. Second, 
all patients selected for the study had no anticipated 

difficult airway, so our results may not translate to 
patients with a potentially difficult airway.Third, 
there was no documentation or monitoring of the 
duration and severity score of airway trauma, and 
follow‑up after 24 hours in the postoperative period 
for any possible nerve injuries. Lastly, neuromuscular 
blocking agent was used in the study and there is 
evidence suggesting that the use of neuromuscular 
blocking agent can alter the OPLP.[22]

CONCLUSION

We conclude that, compared to the conventionally 
used blind insertion technique, the readily available 
Macintosh laryngoscope could be used as a clinically 
useful and cost effective tool to ensure proper 
alignment and function of I‑gelTM , when used to secure 
the airway in patients under general anaesthesia.
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INTRODUCTION

The modern‑day role of the anaesthesiologist extends 
beyond the operation theatre. While a resource‑limited 
setting renders the administration of safe non‑operating 
room anaesthesia  (NORA) difficult, patient‑related 
factors intensify the challenges.[1,2] Anaesthesia in a 
magnetic resonance imaging  (MRI) suite mandates 
NORA in diverse age‑groups with complex syndromes, 
entailing periprocedural risks.[1,3]

Management of syndromic children undergoing MRI 
necessitates a prudent selection of anaesthetic agent 
class and dose, given the combined risk of sedation 
induced respiratory depression and haemodynamic 
compromise owing to detrimental effects on the 
pathophysiology of the coexistent cardiac lesion.[3]

While MRI  (sensitive to motion‑artifacts) requires 
an immobile child, the ideal drug regime remains 
debatable.[4] We report an encouraging application of 

ketamine and dexmedetomidine combination (ketodex) 
sedation for MRI in syndromic children with congenital 
cardiac anomalies, focusing on the cardio‑respiratory 
consequences, sedation quality, recovery profile and 
periprocedural complications.

CASE REPORT

This case series includes 10 syndromic children in 
the 3‑5  years age‑group requiring sedation for MRI 
brain for the assessment of neurodevelopmental 
delay  [Table 1]. They presented over a year between 
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March 2020 and February 2021 at our tertiary care 
centre. All patients were classified as American 
Society of Anesthesiologists (ASA) physical status III 
and underwent pre‑anaesthetic evaluation.

The patients were nil per oral as per ASA guidelines. 
A  written‑informed consent was obtained from the 
parents after explaining the procedure and permission 
to use the data for research publication. The baseline 
vitals  (heart‑rate  (HR), blood pressure  (BP), oxygen 
saturation (SpO2)) were recorded. Apnoea monitoring 
was done using end‑tidal carbon dioxide  (EtCO2). 
Eutectic mixture of local anaesthetics  (EMLA) 
cream was applied over dorsum of the hand. 
Intravenous  (IV) access was secured and ketamine 
1  mg/kg  +  glycopyrrolate 5  µg/kg was administered 
intravenously. Thereafter, the child was positioned 
and oxygen was administered via facemask at 
6 L/min via the auxiliary oxygen port of the anaesthesia 
workstation (Dräger Fabius® MRI).

Subsequently, dexmedetomidine was administered 
as a bolus dose of 0.5 µg/kg IV over 10 min followed 
by a continuous IV infusion of 0.5  µg/kg/hour. 
Sedation was assessed using the Paediatric Sedation 
State Scale  (PSSS) and MRI was commenced on 
achieving a target score of 2.[5] The anaesthesiologist 
stationed at the head end of the MRI gantry looked for 
facial expressions or vocalisation for scoring PSSS 
during the MRI. In the background of PSSS <2, the 
dexmedetomidine infusion was down‑titrated by 20% 
and if PSSS >2, rescue sedation (ketamine 0.2 mg/kg 
IV) was administered and dexmedetomidine infusion 
was stepped up by 20%. HR, BP, SpO2, EtCO2 were 
continuously monitored and recorded  (MIPM 
TeslaM3 monitor) every 5‑min during and after the 
procedure.

On the completion of imaging, dexmedetomidine 
infusion was stopped and the time from infusion 
termination till first response to verbal command 
was categorised as time to recovery. The time from 
infusion termination till attainment of modified 
Aldrete score ≥9 was computed as time to discharge 
or shifting to ward. Quality of sedation was quantified 
by the anaesthesiologist as: optimal  (rescue sedation 
not required), suboptimal  (rescue sedation required 
but MRI not interrupted) and failed (MRI interrupted 
due to inadequate sedation and/or requiring  >one 
dose of rescue sedation). Quality of scan was assessed 
by the radiologist based on imaging, as: excellent (no 
motion artifacts); good  (minor motion artifacts not 
requiring repeat scan sequence) and poor  (major 
motion artifacts or MRI interruptions, requiring  ≥1 
repeat scan sequence).[2]

The mean recovery time was 17.5 min and the mean 
time to discharge was 41.5 min [Table 2]. One patient 
demonstrated suboptimal sedation necessitating a 
rescue analgesic dose albeit image quality continued 
to be good  [Table  2]. Peri‑procedurally, the patients 
were observed for bradycardia, hypotension and 
desaturation  (SpO2  <95%[2] except in tetralogy 
of Fallot  (TOF) where fall below baseline value 
or occurrence of cyanotic spells was monitored), 
need for airway‑manipulation/adjunct  (jaw‑thrust, 
oropharyngeal or supraglottic airway device, 
endotracheal intubation), shivering, postoperative 
nausea and vomiting  (PONV). Bradycardia and 
hypotension were defined and managed according 
to the Paediatric Advanced Life Support  (PALS) 
guidelines, though none of the patients required any 
intervention.[2] An episode of desaturation  (lowest 
value 92%) was reported in one patient with PSSS <2 
which was managed by jaw‑thrust and down‑titrating 

Table 1:The demographic profile and incidence of periprocedural cardiorespiratory events
Age 
(years)

Gender Syndrome Cardiac anomaly Duration of MRI (minutes) Periprocedural cardiorespiratory events
B H D A

3 M Down syndrome VSD 45 ‑ ‑ ‑ ‑
3 M Holt‑Oram syndrome ASD 45 ‑ ‑ ‑ ‑
5 F Down syndrome VSD 50 ‑ ‑ ‑ ‑
4 F DiGeorge syndrome TOF 45 ‑ ‑ ‑ ‑
4 F Down syndrome VSD 45 ‑ ‑ + +
3 M TAR syndrome TOF 45 ‑ ‑ ‑ ‑
3 F Ellis‑Van Creveld syndrome ASD 50 ‑ ‑ ‑ ‑
3 M Down syndrome AVSD 50 ‑ ‑ ‑ ‑
4 M Down syndrome ASD+VSD 50 ‑ ‑ ‑ ‑
5 F CHARGE association TOF 55 ‑ ‑ ‑ ‑
(A: Airway manipulation/adjunct; ASD: Atrial septal defect; AVSD: Atrioventricularseptal defect; B: Bradycardia; CHARGE: Coloboma, heart defects, atresia 
choanae, growth retardation, genital abnormalities, and ear abnormalities; D: Desaturation; F: Female; H: Hypotension; M: Male; MRI: Magnetic resonance 
imaging; TOF: Tetralogy of Fallot; VSD: Ventricular septal defect; (‑): Negative; (+): Positive)
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the drug infusion  [Table  1]. The MRI had to be 
interrupted in this patient due to desaturation, and 
classifying it as a poor scan quality rating  [Table  2]. 
None manifested with PONV or shivering [Table 2].

DISCUSSION

MRI is a day‑care procedure which requires inculcating 
the principles of fast‑track anaesthesia for successful 
patient management. The most ideal anaesthetic drug 
for MRI sedation is still an area of research.[4] Despite 
options like propofol, ketamine and dexmedetomidine, 
none classifies as an ideal anaesthetic agent, with 
majority of the attributes such as a quick‑onset, ease 
of titration, haemodynamic stability, maintenance of 
spontaneous respiration alongside the provision of 
immobility and short duration of action with minimal 
side‑effects.[2,3,6‑8]

With the ongoing search for an ideal agent for MRI 
sedation, the advent of ketodex has gathered significant 
attention.[3,8] Luscri et al.[3] successfully used ketodex 
for MRI sedation in three patients of trisomy‑21 
suffering from obstructive sleep apnoea. However, 
the present case‑series extends the application of 
ketodex sedation for MRI to syndromic children with 
underlying cardiac anomalies.

The safe use of ketodex can be heralded by the 
peculiar characteristics of the two anaesthetic drugs. 
On one end, dexmedetomidine acts on postsynaptic 
alpha‑2 adrenoceptors and inhibits the sympathetic 
activity causing hypotension and bradycardia. On the 
other end, ketamine has cardio‑stimulatory effects 
such as tachycardia and hypertension and maintains 
the systemic vascular resistance  (SVR).[6,8] Therefore, 
the additive effect of the drugs helps to decrease the 
minimum effective dose, better haemodynamics 
and minimal side‑effects. In this context, a recent 

meta‑analysis by Kim et al.[4] outlined a delayed onset 
of MRI sedation with dexmedetomidine as a sole 
agent, which can be overcome by the combination 
with faster acting agents like ketamine.

Notably, dexmedetomidine has been found to have 
a role in preventing and managing tet spells in 
TOF patients.[9] While it may appear intuitive that 
dexmedetomidine would have prevented tet spells 
in our TOF patients, the importance of a productive 
liaison of the drug combination can simultaneously not 
be undermined. Alongside the avoidance of a decrease 
in the SVR with ketodex, the lack of any significant 
escalation in pulmonary vascular resistance  (PVR) 
attributable to the drug combination, can be a 
particularly useful pharmacological attribute.[6,8,9] 
Moreover, both the drugs are associated with minimal 
respiratory depression, with mechanistically distinct 
additive analgesic effects, further beneficial in 
attenuating any untoward PVR elevation.[3,6,8]

On comparing the literature on the recovery time 
following MRI sedation, it appears to be compounded 
by factors such as type of drug, dosage and heterogeneity 
in the definitions of time to recovery.[2,4,10] Reduced 
recovery time was observed in the present case‑series 
unlike Abdellatif et  al.[8] who used ketamine 
1.5 mg/kg + dexmedetomidine 1 µg/kg/hour for 10 min 
followed by 0.6‑1 µg/kg/hour. This could be explained 
by the lower dexmedetomidine dose employed in our 
high‑risk subset. However, the time to discharge in 
the present case‑series was longer compared to that 
observed by Tammam et al.[6] who used intramuscular 
ketodex  (ketamine 2  mg/kg  +  dexmedetomidine 
1.5  µg/kg). This can possibly be attributed to the 
different route and dose of ketodex administered.

In addition, certain properties of dexmedetomidine 
can significantly improve the recovery profile. 

Table 2: The quality of sedation, scan and postprocedural recovery profile
Quality of sedation Quality of scan Time to recovery (minutes) Time to discharge or shifting to ward (minutes) PONV Shivering
Optimal Excellent 10 30 ‑ ‑
Optimal Excellent 15 35 ‑ ‑
Optimal Excellent 20 45 ‑ ‑
Optimal Excellent 25 50 ‑ ‑
Optimal Poor 25 55 ‑ ‑
Optimal Excellent 10 35 ‑ ‑
Optimal Excellent 15 35 ‑ ‑
Suboptimal Good 20 50 ‑ ‑
Optimal Good 15 35 ‑ ‑
Optimal Excellent 20 45 ‑ ‑
PONV: Postoperative nausea and vomiting; (‑):Negative
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While ketamine is emetogenic and can produce 
emergence delirium, dexmedetomidine is found 
to decrease the incidence of PONV and emergence 
delirium.[11] Dexmedetomidine also has a role in the 
alleviation of perioperative shivering which can 
be detrimental in cardiac patients.[12] Nevertheless, 
no patient in the present‑case series had PONV or 
shivering.

CONCLUSION

Ketodex appears to be a safe agent for MRI sedation in 
syndromic patients with congenital cardiac anomalies 
backed by meticulous dose titration, individualisation 
appropriate to the clinical context and vigilant 
monitoring.
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Continuous incremental 
interscalene block for proximal 
humerus in patients with severe 
pulmonary injury

INTRODUCTION

Regional anaesthesia techniques are indicated in 
patients with upper limb procedures having pulmonary 
injuries to avoid airway interventions and protect the 
lungs. However, 20 ml of local anaesthetic (LA) injected 
with ultrasound (US) guidance for interscalene block 
can lead to hemidiaphragmatic paresis in 17 to 46% 
of patients.[1,2] We describe our experience in three 
patients where an US‑guided catheter was positioned 
in the interscalene area, and incremental doses of 
LA were injected with concomitant monitoring of 
diaphragmatic movements and oxygen saturation. 
Institutional ethics committee approval was obtained 
and the study was performed in accordance with 
the principles of the Declaration of Helsinki. Written 
informed consent was obtained from all patients.

CASE REPORT

From January 2018 until January 2021, three patients 
who sustained fracture of the proximal humerus and 
multiple ribs with a pulmonary injury were admitted 
in the intensive care unit  (ICU). On arrival, the rib 
fracture score,[2] oxygen requirements, and numerical 
rating score  (NRS) on parenteral analgesics were 
noted. Despite intravenous fentanyl infusion  (0.5 
μg/kg), NRS persisted more than 4 and all patients 
received a single‑shot US‑guided serratus anterior 
plane block  (SAPB).[3] Computed tomography  (CT) 
of chest was performed in all patients considering a 
persistent low oxygen saturation [Table 1]  [Figure 1a 
and b]. In order to facilitate early fixation and 
subsequent mobilisation, patients were posted for 
surgery. A  continuous incremental interscalene 
block  (CIIB) was proposed with incremental LA 
injection and assessment of the oxygen saturation and 
diaphragmatic excursions on the ipsilateral side.

Patients were wheeled into the recovery room of the 
operation theatre with 6  L/min of oxygen through 
face mask. With the patient lying in a 45‑degree 
semi‑recumbent supine position, a linear array 
high‑frequency US transducer (5‑12 MHz, Sonosite 

Clinical Communication

Table 1: Demographics, injuries, analgesic patterns, investigations and anticoagulants
Patient 1 Patient 2 Patient 3

Age (years) 28 45 32
Gender Male Male Male
Bone fractures
Head Injury
Thoracic Injury
Abdominal Injury

Left proximal humerus and left 1‑7 
MRFS, blunt injury
GCS13/15
No visceral injury
No visceral injury

Right proximal humerus and right 
2‑8 MRFS
GCS14/15
No visceral injury
No visceral injury

Left proximal humerus and left 3‑7 
MRFS,
GCS15/15
No visceral injury
No visceral injury

RFS
SpO2 on admission 
without oxygen support

9
88%

7
92%

7
93%

Analgesics
Post‑analgesic NRS 
at 12 h

PCM/D/FI
6

PCM/FI
7

PCM/FI
6

Bed side SAPB Left SAPB at 4th rib with bolus 30ml 
0.2% ropivacaine and infusion 0.1% 
ropivacaine 8ml/h

Right SAPB at 5th rib with bolus 
30ml 0.2% ropivacaine
Infusion 0.1% ropivacaine 8ml/h

Left SAPB at 4th rib with bolus 30ml 
0.2% ropivacaine and infusion 0.1% 
ropivacaine 8ml/h

Bed side USG
Diaphragm function

Pleural effusion, pericardial effusion
Normal

Pleural effusion
Normal

Pleural effusion
Normal

HRCT contrast Negative for PE;
Pleural and pericardial effusion; Left lower 
lobe collapse and consolidation of apices 

Negative for PE;
Pleural effusion; right lower lobe 
collapse 

Negative for PE;
Pleural effusion; Left lower lobe 
collapse and consolidation of apices 

Preoperative LMWH Yes‑stopped 12 h prior to block Yes‑stopped 12 h prior to block Yes‑stopped 12 h prior to block
CIIB volume
Oxygen saturation
Anaesthesia

3+3ml
*Lowest SpO2=90% at 30th minute
Adequate sensory analgesia

3+3+3ml
*Lowest SpO2=88% at 30th minute
Adequate sensory analgesia

3+3ml
*Lowest SpO2=97% at 30thminute
Adequate sensory analgesia

GCS - Glasgow coma scale; RFS - rib fracture score; MRFS - multiple rib fractures; NRS -numerical rating scale, PCM -paracetamol; D - diclofenac; FI - fentanyl 
infusion; Abd - abdominal; SAPB - serratus anterior plane block; USG - ultrasonography; HRCT - high‑resolution computed tomography; PE - pulmonary embolism; 
LMWH - low molecular weight heparin; SpO2 - peripheral oxygen saturation; CIIB - continuous incremental interscalene block; *on oxygen support
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M‑Turbo, United States of America) was placed in 
the mid‑axillary line and diaphragm excursion was 
assessed prior to block, 5, 15 and 30 min after each 
injection of LA, in the immediate postoperative period, 
and at 2, 12 and 24 h postoperatively in the ICU. The 
domes of the hemidiaphragm (right and left separately) 
were identified and its excursion was measured in the 
M‑mode during rest and maximal forced inspiration.

Baseline oxygen saturation, blood pressures and 
heart rate were monitored in each patient. The 
anterolateral neck on the side of surgery was prepared 
and draped for CIIB. A linear array (3‑12MHz) probe 
was deployed in a transverse oblique axis, at the 
level of C7vertebra  (absence of anterior tubercle).
After identification of C7 nerve root, the C5 and C6 
roots were identified with a slight cephalad shift, 

sandwiched between the anterior and middle scalene 
muscles. The dorsal scapular and long thoracic nerves 
were identified in the middle scalene muscle and the 
phrenic nerve was recognised on the anterior scalene 
muscle. An out of plane approach was implemented, 
and 2 ml of 1% lidocainewas infiltrated until the 
middle scalene muscle. An 18 gauge insulated needle 
(Contiplex B‑Braun, United States of America) was 
inserted  [Figure 1c] as the tip penetrated the medial 
border of the middle scalene muscle and was positioned 
between the perimysium of the middle scalene muscle 
and sheath of the brachial plexus. After removal of 
the stylet, a 20 gauge catheter  (Contiplex B‑Braun, 
United States of America–single‑end hole tip) was 
inserted through the cannula, in real‑time sonographic 
guidance, and the tip was visualised protruding from 
the bevel of needle. The distance of the catheter from 

Figure 1: (a and b) Right multiple rib fractures, subcutaneous emphysema, haemothorax (c) Right continuous interscalene block with subcutaneous 
tunnelling (d) Computed tomography axial 3 ml contrast in interscalene groove (e) Computed tomography axial 6ml contrast spilling over the 
scalene muscles (f and g)  Computed tomography axial 3 ml sandwiched in interscalene groove (h) Axial volume rendering technique [inferior view] 
depicts linear contrast delineating the interscalene groove (hollow area).3 ml injection highlighting the middle scalene muscle and overlying the 
first rib (i) Coronal volume rendering technique image depicting the flow of 6 ml from medial to lateral and below the clavicle (j) Sagittal volume 
rendering technique image depicting the flow of 6 ml from medial to lateral and below the clavicle and in approximation to first rib (k) With 6ml 
injection, the inferior view portrays the three roots which appear distinctively, as the contrast spreads more laterally and posteriorly over the middle 
and posterior scalene muscles (l) Sagittal volume rendering technique image depicting the flow of 6ml from cephalad to caudal and between 
the clavicle and the first rib (m) Sagittal volume rendering technique image depicting the expansion as 9ml occupies the brachial plexus sheath 
(n) Axial volume rendering technique image; 3ml contrast is restricted to the interscalene groove (o) Axial volume rendering technique image 
illustrates spread over the anterior scalene muscle and beneath the sternocleidomastoid (p) Coronal volume rendering technique depicts the 
contrast spread in the interscalene groove and spilling over the scalene muscles (q) Sagittal volume rendering technique portrays the contrast 
as a thick band beneath the clavicle and close to the first rib. (IS – interscalene; SCT – subcutaneous tunnelling; 3 ml, 6 ml, 9 ml – volume of 
contrast injected; PI – pulmonary injury)
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the tip of the cannula was 1‑2 cm. Injection of 2 ml 
of 0.9% saline confirmed position of the catheter with 
distention of the space between the perimysium and 
the sheath (extra‑neural). Consequently, the following 
protocol was followed:

A fresh LA preparation containing 5 ml of 2% lidocaine 
and 5 ml of 0.5% bupivacaine (total 10ml) was prepared. 
After each injection of boluses of 3ml around 10 min 
apart, through the catheter, respiratory monitoring 
(respiratory rate, diaphragmatic excursion in real 
time, oxygen saturation), blockade of dermatomes 
(C5,6) and pain on slight motor movement of the 
shoulder joint was evaluated. Patient preparedness for 
the surgery was announced when sensory blunting to 
needle prick  (26 gauge), no pain on slight shoulder 
movement, minimal diaphragmatic paresis  (up to 
50% of the original excursion) and oxygen saturation 
not less than 90% with supplemental oxygen of 
4‑6  l/minute were confirmed  [Table  1]. Volumes of 
LA injected were 6 to 9 ml. In addition, all patients 
received superficial cervical plexus block with 2 ml of 
0.25% bupivacaine.

Postoperatively, patients were counselled and 
an informed consent was obtained and in the 
2nd  postoperative hour patients were wheeled to 
the computed tomography (CT) suite in the same 
institute with monitoring. Omnipaque  (300 mg/ml 
iodine) 1 ml diluted in 10 ml 0.9% normal saline was 
injected through the catheter in the same sequence 
as performed for the surgical procedure. CT analysis 
revealed contrast spread in the interscalene groove 
with a volume of 3 ml and to the scalene muscles 
with volumes of 6 and 9 ml. However, there was no 
neuraxial spread [Figures 1d‑q].

Postoperatively, 0.2% ropivacaine 5ml was injected 
intermittently whenever patient reported pain 
(NRS >4) even after 1 g of intravenous paracetamol. 
Catheters were removed at the end of the 48th  hour. 
Neurological examination of the operated side did not 
reveal nerve injuries in all three patients.

DISCUSSION

US‑guided interscalene blocks have resulted in 
hemi‑diaphragmatic paresis even with lower volumes 
of LA. A  5ml single bolus[4] and 7 ml through the 
catheter[5] have resulted in hemi‑ diaphragmatic paresis 
in 45and 100% patients, respectively. A meta‑analysis 
evaluating the advantages of single bolus interscalene 

block suggests that the duration of analgesia provided 
by interscalene block is limited to 6 and 8  h with 
motion and at rest, respectively, with rebound 
pain from 16th  to 24th  hour requiring parenteral 
analgesics.[6] High volume  [25‑50 ml] hybrid block 
and a selective trunk block have also been reported 
for patients with proximal humeral fractures without 
pulmonary injuries.[7] To our knowledge, a CIIB with 
incremental LA injections with respiratory monitoring 
is not reported yet.

CONCLUSION

CIIB with incremental LA injections with respiratory 
monitoring can provide adequate anaesthesia with 
minimal respiratory compromise in patients with 
pulmonary injury undergoing proximal humerus 
surgery.
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Faulty permanent pacemaker 
in a patient posted for elective 
urinary bladder surgery: Safety or 
liability?

Sir,

A 69‑year‑old male patient weighing 55  kg with 
a diagnosis of muscle‑invasive urinary bladder 
carcinoma was scheduled for radical cystectomy 
with ileal conduit under general anaesthesia. In 
past medical history, there were four cycles of 
chemotherapy and also a history suggestive of heart 
block (details of the type of heart block or the specific 
indication were not available) for which a permanent 
pacemaker (PPI‑  VVIR‑  ST JUDE) was implanted 
9 years ago. He was a chronic smoker. Transurethral 
bladder surgery had been done two times in the 
past uneventfully under spinal anaesthesia. The 
last surgery was done as an emergency 6  months 
back during which there was a history of temporary 
pacemaker insertion peri‑operatively. Effort 
tolerance and routine investigations were normal. 
Specialist cardiology consultation was done. A 12 
lead electrocardiography  (ECG) had normal sinus 
rhythm with no paced beats  (rate of 85/min). A  2D 
echocardiography revealed an ejection fraction of 60%. 
The pacemaker had a battery life of 1.25 to 9 years; 
capture: 6.0 v at 0.8 msec; impedance: 597‑ohm and 
percentage of ventricular pacing: 1.1%  (signifying 
negligible patient dependence on the pacemaker).
The pacemaker was scheduled to be reprogrammed 
to asynchronous VOO mode before the surgery. Chest 
X‑ray confirmed the position of the pacemaker with 
the impulse generator [Figure 1].

On the day of the surgery, pacemaker interrogation 
was done by the company representative. However, on 
a trial asynchronous mode (VOO), pacing malfunction 
was suspected with intermittent failure to capture. The 
voltage adjustment could not correct it, creating doubt 
about its efficacy, possibly due to a fault in the pacing 
leads.[1] On further probing, relatives gave a history 
of a similar issue during previous surgery, and they 
were advised pacemaker repair/replacement by the 
company representatives, which was not done. Thus, 
we had two major issues; one was due to an unclear 
primary pathology and the patient’s non‑dependence 
on the pacemaker (inherent heart rate 85–90/min), 

whether to use asynchronous mode or not as it would 
be required to use a pacemaker rate in excess of 95 to 
100.[2,3] Secondly, if we decided to proceed with the 
routine mode with all precautions of electromagnetic 
interference, there was doubt about its basic efficacy 
in case the patient did require pacemaker support 
intra‑operatively.

As the surgery could not be delayed for definitive 
pacemaker management, it was decided to continue 
with the backup of a temporary pacemaker, which 
was inserted in the cardiac interventional laboratory. 
Following this, the patient was taken up for surgery.
The demand rate was set to 55 beats/min, the threshold 
to 0.8 mV and the output at 5 mV. Intra‑arterial blood 
pressure and pulse oximetry monitoring were done 
for the confirmation of mechanical transmission 
of electrical impulses.[3,4] Defibrillator backup was 
kept, and all electro‑magnetic precautions were 
taken including the use of a harmonic surgical 
instrument.[5,6] The intraoperative period was 
uneventful with no pacemaker requirement. The 
surgery lasted for 6  h with stable haemodynamics. 
The temporary pacemaker was removed the next 
day, and the patient was advised regarding definitive 
management of the permanent pacemaker, either 
to repair or to remove if not repairable in case the 
pacemaker was no longer indicated.

The main factor in the present case was a faulty 
pacemaker in situ, which became more of a liability, 
even though the patient most probably would not 
have required it during surgery. Thus, the backup of a 
temporary device was the safest option. To conclude, 
in the event of a suspected pacemaker malfunction 
perioperatively, temporary pacing may be considered.

Letters to Editor

Figure 1: Pacemaker device visible on chest radiogram
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Anaesthetic management of a 
parturient with severe idiopathic 
thrombocytopenia and neonatal 
thrombocytopenia posted for 
elective caesarean section

Sir,

Idiopathic thrombocytopenic purpura  (ITP) is an 
auto‑immune disorder and occurs in 1–2/10,000 
pregnancies.[1] There are autoantibodies against the 
platelet membrane glycoproteins. Exacerbation of 
thrombocytopenia in pregnancy and peripartum 
haemorrhage has been reported.[2] New‑borns of 
affected mothers can have neonatal thrombocytopenia 

and intraventricular bleed.[3] We present a case of 
a 24‑year‑old parturient of 33  weeks gestation with 
ITP posted for elective caesarean section. She gave a 
history of haematuria of 1 month and was found to 
have a platelet count of 10,000/µL. Antiphospholipid 
antibodies were negative, and she was diagnosed with 
ITP. She received intravenous immunoglobulin (IVIg) 
0.4  g/kg for 5  days, tablet prednisolone 50mg once 
daily, single donor platelet  (SDP) transfusions 
and was referred to our hospital. Haematology 
consultation was sought. IV dexamethasone 40 mg 
once daily for 4  days, a stat dose of subcutaneous 
romiplostim 5 µg/kg and SDP transfusions were given. 
Gastrointestinal surgery consultation was done to 
consider splenectomy. As there was no improvement 
in the platelet count, the decision was made to 
terminate the pregnancy. She was posted for an 
elective caesarean section under general anaesthesia. 
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Oral anti‑aspiration prophylaxis was given.Two units 
of SDP were transfused as the platelet count was 
3000/µL. Two wide bore IV cannulae and an arterial 
line were inserted. After preoxygenation, rapid 
sequence induction was performed with intravenous 
thiopentone 300mg and succinylcholine 75mg 
followed by oral endotracheal intubation. Anaesthesia 
was maintained with oxygen, nitrous oxide, isoflurane 
and atracurium. Anticipating the need for splenectomy, 
a vertical skin incision was made. A  1.9  kg male 
baby was delivered by caesarean section. IV100µg 
fentanyl, 2mg midazolam, 10  IU oxytocin and 1gm 
tranexamic acid were given as an infusion. Blood loss 
was about 1000mL, hence splenectomy was deferred. 
The neuromuscular blockade was reversed, and the 
patient was extubated on the table. Postoperative pain 
was managed with IV tramadol, and the platelet count 
was 7000/µL. Tablet prednisolone 50 mg once daily 
was tapered and stopped after a month. Her platelet 
count improved to 87,000/µL by the second day and 
reached 1,56,000/µL by the fourth day. The neonatal 
platelet count was 4000/µL on day 1, and he received 
platelet transfusions and 1g m/kg IVIg for 3 days. The 
counts improved to 70,000/µL, and both the mother 
and baby were discharged by the seventh day.

Corticosteroids or IVIg are the first‑line treatment 
for maternal ITP.[4] Romiplostim promotes the 
growth of bone marrow megakaryocytes leading 
to increased platelet production and is indicated 
when there is a poor response to corticosteroids 
and immunoglobulins. Romiplostim can cross the 
placenta with potential teratogenic effects. But it 
was used on this patient as she was resistant, and 
available treatment options were limited. Platelet 
transfusions are used to control life‑threatening 
haemorrhage. Random donor platelet increases the 
platelet count by 5000/µL, whereas single donor 
platelet increases the count by 40,000/µL and is 
preferred. The goals in management are to prevent 
foetal intracranial haemorrhage and bleeding 
complications associated with regional anaesthesia. 
There is no evidence to show that caesarean 
delivery is safer than vaginal delivery. Hence, 
caesarean sections are performed only for obstetric 
indications. Procedures that increase haemorrhagic 
risks like vacuum and forceps delivery are avoided. 
For the caesarean section, the platelet count should 
be at least 50,000/µL, and general anaesthesia is 
preferred. Regional anaesthesia is contraindicated 
if the platelet count is below 50,000/µL. Between 
50,000 to 70,000/µL, a decision should be made 

considering the risks and benefits of regional 
versus general anaesthesia.[5] Real‑time monitoring 
of coagulation status could be performed using a 
thromboelastogram.[6]

During general anaesthesia, intubation should be 
performed with utmost care as laryngoscopy could 
cause bleeding. Nasal intubation should be avoided. 
Studies show that tranexamic acid reduces operative 
blood loss and was used in this patient.[7] Non‑steroidal 
anti‑inflammatory drugs and intramuscular injections 
have to be avoided. Neonatal thrombocytopenia 
develops as a result of the transplacental transfer of 
platelet antibodies. The platelet count of newborns 
usually decreases after delivery with the nadir at the 
first 2  weeks of life. Hence, neonatal monitoring is 
required.
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Bilateral pleural effusion as a 
rare complication of intravenous 
prallethrin poisoning

Sir,

Prallethrin, a type  1 pyrethroid compound 
is commonly available as 'All‑OUT’, a liquid 
mosquito repellent vaporiser. Acute prallethrin 
poisoning is rare, mostly occurring through 
dermal and oral routes.[1] Only one case has been 
reported wherein self‑injection of prallethrin was 
observed.[2] Neurological, as well as gastrointestinal 
manifestations, have been described in literature till 
date.[3] Herein, we report a rare case of an 18‑year‑old 
female who after the self‑injection of prallethrin 
developed bilateral pleural effusion and acute 
lung injury. She was managed with symptomatic 
treatment and discharged with successful outcomes 
within two weeks of presentation.

She was initially admitted to a local hospital with 
self‑injection of 5  ml of ‘ALL‑OUT’ liquid where 
gastric lavage was performed. She presented to us 
with complaints of breathlessness and fever. On 
examination, the patient was conscious, alert with 
pulse 110 beats per minute, respiratory rate 38 per 
minute, blood pressure 102/64  mm of Hg. Oxygen 
saturation was 70% on room air.

Respiratory system examination revealed bilateral 
vesicular breath sounds with decreased air entry in 
the infrascapular area. Local examination revealed 
injection site over the antecubital area of the left 

upper extremity. Electrocardiography revealed a 
normal sinus rhythm. All blood investigations were 
within normal limits. Arterial blood gas analysis 
showed pH  7.55, partial pressure of oxygen  (Pa 
O2) 65  mm of Hg, partial pressure of carbon 
dioxide  (PaCO2) 21  mm of Hg. Chest radiography 
suggested bilateral pleural effusion  [Figure  1]. 
Pleural fluid was turbid yellow in nature with a 
leucocyte count of 790  cells/mm3 (polymorphs 
90% and lymphocyte 10%), protein 2.9  gm/dl and 
sugar 116  mg/dl. Contrast‑enhanced computed 
tomography chest demonstrated multifocal patchy 
areas of consolidation in bilateral lung fields 
predominantly peripherally, areas of ground glassing 
with bilateral pleural effusion. 2D echocardiography 
was normal. Inflammatory markers were elevated 
with interleukin (IL)‑6 243 pg/ml, C‑reactive protein 
230  mg/L, Ferritin 371  ng/ml, D‑dimer 3758  ng/ml 
and pro‑calcitonin 19  ng/ml. Reverse transcription 
polymerase chain reaction  (RT‑PCR) test for 
coronavirus disease 2019 (COVID‑19) was reported 
negative.

The patient was initially administered oxygen 
therapy @ 10‑15L/min via a non‑rebreathing 
mask. When patient failed to maintain adequate 
oxygenation via a non‑rebreathing mask, 
non‑invasive ventilation was attempted with 
continuous positive airway pressure in the range 
of 10‑12  cm H2O. Broad spectrum antibiotics and 
intravenous paracetamol were administered. The 
patient’s clinical condition improved as evident 
by declining oxygen requirement. Follow up chest 
X‑ray after two weeks showed no signs of pleural 
effusion [Figure 2].
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Prallethrin has toxic effects on voltage‑sensitive sodium 
channels and delays their closure causing prolonged 
depolarisation.[3] It has poor absorption through 
skin and rapid metabolism to inactive metabolites 
in humans.[1,4] No specific antidote is available for 
prallethrin poisoning. Symptomatic management is 
the mainstay of treatment.[1]

Our patient presented with febrile illness and ground 
glassing on the CT chest, accompanied by raised 
inflammatory markers, and it became important to 
screen the patient for COVID‑19 infection as the primary 
cause or secondary infection.[5] However, the primary 
presentation of bilateral pleural effusion following 
self‑injection of prallethrin precluded COVID‑19 
from becoming our initial differential diagnosis. The 
surge in inflammatory markers was probably due to 
hypersensitivity reaction to prallethrin in lung tissue. 
The pleural effusion was probably reactionary to acute 
lung injury.

Although there are studies both in favour of and 
against the use of steroids in prallethrin poisoning 
cases, steroids were not used in this case.[6] The 
clinical resolution became evident within 72‑96 hours 
of instituting supportive treatment which reinforced 
the decision of not administering steroids.

Easy over-the-counter availability of prallethrin 
necessitates randomised controlled trials investigating 
the clinical presentation as well as antidote of 
prallethrin to be undertaken in the future. The diagnosis 
can be more challenging in the COVID‑19 era taking 
into consideration the overlapping symptomatology; 
biomarkers can be useful in this regard as in other 

conditions including intoxications.[7] Early admission, 
a strong degree of suspicion and early symptomatic 
management are keys to successful outcomes.
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Figure  1: Chest radiological findings of the patient at the time of 
admission

Figure 2: Chest radiological findings of the patient after clinical recovery
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Cavernous malformations and 
labour analgesia: A case report

Sir,

Cavernous malformations raise the fear of severe 
cerebral or spinal bleeding during delivery.[1] Here, we 
report a case of labour analgesia with epidural catheter 
in a patient presenting with cerebral cavernous 
malformations.

A 31‑year‑old pregnant primipara with a normal 
course of pregnancy presented with a history of 
familial cavernous malformations, with a Krev 
interaction trapped protein 1 mutation identified. The 
woman reported a moderate headache since she had 
been diagnosed. In a recent cerebro‑spinal magnetic 
resonance imaging  (MRI), several cerebral cavernous 
malformations were noted in the frontal and parietal 
lobes of the right hemisphere  [Figure  1]. No lesions 
were detected in the spinal cord. Spontaneous 
delivery occurred after 40  weeks of amenorrhoea. 
The introduction of a lumbar epidural catheter during 
labour allowed an appropriate control of pain using 
programmed intermittent epidural bolus  (10  ml per 
hour and 5  ml bolus upon request with a refractory 
period of 12 min) with 1% ropivacaine and 0.2 µg/ml 
sufentanil.[2] Blood pressure was monitored during the 
entire procedure, with the objective of keeping it in a 
normal range. Because of foetal rhythm disturbances, 
obstetricians used a vacuum‑assisted delivery. The 
baby presented normal breathing efforts, heart 
rate, reflexes and skin colour at 5  min of life. No 
complications appeared during hospitalisation.

Cavernous malformation appears mostly in a sporadic 
form but can be inherited. Single lesions characterise 
the sporadic form, whereas multiple cavernous 
malformations may indicate an inherited form. 
Lesions are composed of dilated capillaries organised 
in multilobulated caverns with a large range in 
size.[1] Their natural evolution can be thrombosis and 
regression as well as growth and more symptomatic 
forms. The symptoms are linked to their localisation.

The risk of bleeding from a lesion is 0.7% annually. 
If the lesion already bled, the risk jumps to 4.5%.[3] A 
lesion localised close to the brain‑stem presents a higher 
risk of bleeding. Pregnancy can make the lesion grow, 
because of the increase of “vascular growth factor”.[3]

Some specific points might need to be considered 
in the case management. First, looking for a 
suggestive familiar background would help detect 
paucisymptomatic cases. A patient with a cavernous 
malformation could benefit from regular cerebro‑spinal 
MRI evaluation. Neuroimaging helps to evaluate the 
size and the possible recent growth of lesions and 
may uncover a medullary lesion contraindicating the 
use of an epidural catheter. Severely symptomatic 
cavernous malformation patients suffering from recent 
intracranial haemorrhage or uncontrolled epilepsy 
should consider a surgical resection of the lesion. The 
main risk factors of bleeding are: a history of previous 
bleeding lesion, inherited cavernous vascular disease, 
the closeness of venous malformations, brain‑stem 
lesions or coagulopathy.

During delivery, an epidural catheter would help 
achieve a good control of high blood pressure in 
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response to painful uterine contractions and allow a 
rapid shift to a caesarean delivery in case of maternal 
complications. There is no clear causal relationship 
between intracranial bleeding from cavernous 
malformations and high blood pressure in previous 
studies. However, there are multiple reports of high 
blood pressure and bleeding from arteriovenous 
malformations or cerebral aneurysm.[4] If caesarean 
delivery is recommended from the outset, spinal 
anaesthesia appears to suit the objectives of appropriate 
care, as it avoids risky intubation in pregnancy and 
allows for good neurological monitoring.[2,5] Coagulation 
must be carefully monitored during the entire process, 
as it could be a risk factor for cerebral bleeding.[6]

In conclusion, neuraxial anaesthesia allows analgesia, 
blood pressure control and a crucial neurological 
monitoring for women at risk of intracranial bleeding.
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Figure 1: Patient’s cerebral MRI during pregnancy showing cavernous 
lesions in frontal (a) and parietal (b) right hemisphere (red arrows)
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Anaesthesia management of 
‘tubeless’ tracheal resection

Sir,

Ventilation of the lungs when the airway is shared with 
the surgeons is the challenge for anaesthesiologists 
during tracheal surgeries. We report our experience 
with a ‘tubeless’ approach during tracheal resection.

A 19‑year‑old, 50  kg male, presenting with a 
non‑obstructive adenoid cystic carcinoma of the 
posterior tracheal wall, was planned tracheal resection 
with end‑to‑end anastomosis. In the operation theatre, 
invasive arterial monitoring was instituted in addition 
to standard anaesthesia monitors. Anaesthesia was 
induced with propofol, fentanyl and controlled 
ventilation using oxygen‑air‑isoflurane through a 
small‑sized endotracheal tube  (ET). LASER guided 
delineation of posterior mucosal cuts was performed 
using a micro‑laryngoscope. Following the frozen 
section report, surgeons proceeded to resect the 
trachea. The ET was replaced with a size 4 ProSeal 
laryngeal mask airway  (PLMA). Bronchoscopy 
through PLMA confirmed an unobstructed view of 
vocal cords. Controlled ventilation was continued 
through PLMA till 30  min before the expected 
time of tracheal cut. Then, an infusion of propofol 
(at 100  µg/kg/min) replaced the inhalational 
anaesthetics. Boluses of neuromuscular blockers were 
avoided. When the trachea was incised, the patient 
had resumed spontaneous breathing. Two millilitres of 
4% lignocaine were instilled on the tracheal mucosa. 
Oxygen was delivered through the PLMA at 5 litres/
minute till the time the two cut ends of the trachea 
were in approximation. Later, the patient breathed 
room air through the cut lumen of the distal trachea 
at 16‑20 breaths per minute. Oxygen saturation was 
maintained between 98 and 100%, and the partial 
pressure of carbon dioxide in the blood remained 
between 50 and 55  mmHg. The surgeons applied 
intermittent suction to prevent aspiration of blood 
clots into the distal airways. Three tracheal rings 
along with the right lobe of the thyroid were resected. 
Avoiding muscle relaxants enabled the surgeons 
to perform nerve monitoring, for which electrodes 
were inserted into the thyroid cartilage. End to end 
anastomosis of tracheal ends was performed without 
any interruption [Figure 1]. The total duration of the 
procedure was 4 hours. At the end of the surgery, no 

neuromuscular reversal was required, PLMA was 
removed and the further recovery was uneventful.

The traditional ‘cross‑field ventilation’ involves 
repeated removal and insertion of ET through the 
surgical field in synchrony with surgical steps and 
oxygen saturation. It has a few disadvantages like 
the repeated interruption of surgery, hypercarbia 
and hypoxia  (during apnoea phase), barotrauma 
and volutrauma  (during ventilation phase) and 
contamination of the surgical field. Other methods 
like automated jet ventilation require a specialised 
ventilator and a narrow calibre, sturdy tube. It also 
causes exposure to dry gases, a rise in airway pressure, 
and hypercarbia when operated at a very high 
frequency. The apnoeic oxygenation technique works 
by delivering high flows  (40‑70 litres per minute) of 
humidified oxygen using a narrow tube across the 
surgical field. Although it maintains oxygenation, it 
carries the risk of hypercarbia on prolonged apnoea.[1,2]

The approach of spontaneous breathing during tracheal 
surgeries has been reported in recent times.[3‑5] The 
‘tubeless’ approach avoids muscle relaxants, laryngoscopy 
and lower airway instrumentation, facilitates nerve 
monitoring during the surgery and maintains spontaneous 
breathing which is lung protective. The cough reflex is 
suppressed by topical anaesthesia of the tracheal mucosa 
and intra‑operative vagal block. Non‑interruption of 
surgical steps shortens the duration of surgery.

The ‘tubeless’ approach mandates some precautions. 
Patients with restrictive lung disease, obesity and infected 

Figure 1: Various steps during tubeless surgery. (a) two cut ends of 
the trachea; also note the sensor inserted in the thyroid cartilage for 
nerve monitoring. (b) closure of posterior tracheal wall. (c) closure of 
the anterior tracheal wall. (d) at the end of the surgery, prior to removal 
of ProSeal laryngeal mask airway
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lungs may become hypoxaemic while breathing room 
air. Oxygen delivery into the surgical field interferes 
with the use of cautery. Aspiration of blood clots may 
obstruct the lower airway. Light plane of anaesthesia 
may result in laryngospasm during the surgery. Too deep 
plane of anaesthesia induces respiratory depression and 
hypercarbia. In the case of obstructive tracheal lesions, 
high peak airway pressures may preclude the use of 
LMA. Cross‑field ventilation should be reserved as a 
backup plan in case of hypoxaemia.

Thus, the ‘tubeless’ approach is a safe and feasible 
option for anaesthesiologists during tracheal resection 
in carefully selected patients.
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Entrapment of ampoule 
fragments into gloves: A potential 
threat to patient’s safety

Sir,

Most drugs used in the operation theatres are packaged 
in glass ampoules as they ensure clear visibility of the 
drugs, no reaction with medications and the ability 

to vacuum seal.[1] However, use of the glass ampoules 
has its own inherent risks. The glass ampoules require 
to be broken before loading the drugs into syringes. It 
is a common practice to don the gloves and break the 
ampoules to protect one’s hands. However, it has been 
our observation that occasionally, a few broken shards of 
glass may remain stuck to the gloves, imposing a potential 
threat to patient’s safety during subsequent handling 
of the patient, especially during airway management. 
Glass particles may also be injected into the body by 
intramuscular and intravenous routes, which have been 
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reported to be dangerous or harmful to the patients.[2,3] 
Apart from severe inflammatory response, injected glass 
particles can cause systemic effects like embolism, tissue 
necrosis, sepsis and end‑organ damage.[3,4] Other than 
glass particles, incidences of iatrogenic foreign bodies 
that endangered the airway, such as plastic sleeve of a 
stylet and a metal rivet from the McCoy laryngoscope, 
have also been documented.[5,6]

One such incidence was brought to our notice recently 
where an anaesthesiology resident after loading the 
neuromuscular reversal drugs immediately proceeded 
for tracheal extubation of the patient. However, the 
tiny glass shards clinging to his gloves caught our 
attention [Figure 1]. The anaesthesiologist was asked 
to discard his gloves and don the new ones.

This incidence brings to light the potential risk this 
practice might carry. The shards may accidentally be 
introduced into the oral cavity of the patient during airway 
management. This might cause unnecessary discomfort 
or pain to the patient, the reason for which might remain 
obscure to us. There could be an inadvertent injury to 
the eyes as well, while taping or untaping them.

Through this correspondence, we emphasise on using 
a designated ampoule cutter that produces minimal or 
no fragments, compared to breaking a glass ampoule 
with hand. Also, glass ampoules should be broken 
away from the patient, anaesthesia workstation and 
the intubation area. Since the shards of glass resulting 
from breaking of ampoules are frequently tiny and 
transparent, they might escape observation if they 
stick on to the gloves. Therefore, for the safety of the 
patient, the best preventive measure to avoid any such 
inadvertent harm is to ideally discard the gloves after 
breaking open glass ampoules. However, usage of new 
gloves each time can be a costly affair, especially in a 
developing country. Thus, we recommend very close 

observation of the gloves each time after breaking a 
glass ampoule and before handling the patient.
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Ultrasound‑guided pulsed 
radiofrequency between the 
popliteal artery and capsule 
of the knee (R‑PACK); a new 
technique for relief of chronic 
posterior knee pain

Sir,

Regional anaesthesia techniques including femoral, 
popliteal nerve and adductor canal block are effective 
methods used in the management of knee pain.[1] With 
the increasing use of ultrasound for regional anaesthesia 
and pain medicine, newly defined blocks have become 
popular. Infiltration between popliteal artery and 
capsule of knee (iPACK) block is a recently developed 
technique for the management of perioperative and 
chronic knee pain.[2] The most noticeable advantages 
of this technique are its safety, sonoanatomical 
simplicity and nerve sparing characteristic.[3,4]

Radiofrequency (RF) of sensory branches innervating 
the knee joint is an alternative intervention for 
patients with refractory knee pain to conventional 
therapy and invasive procedures. Herein we report 
performing pulsed RF targeting the area between the 
popliteal artery and capsule of the knee (R‑PACK) in 
two patients with persistent knee pain.

A 25‑year‑old female who had a previous history of total 
knee arthroplasty after a traumatic accident, presented 
to our pain clinic suffering from severe knee pain 
localised in the left posterior fossa for one year. Inspite 
of medication and physiotherapy management, the pain 
caused functional difficulty in daily life. Numerical 
rating scale (NRS) score was 4 at rest, 7 at movement. We 
decided to perform an ultrasound‑guided iPACK block. 
With the patient in the prone position, a 6‑15 MHz 
high‑frequency linear transducer was placed at the 
medial knee joint to identify the femoral condyle with 
the common peroneal and tibial nerves. At this level, the 
needle was advanced in the lateral to medial direction 
using an in‑plane approach until the needle tip was 
located between the popliteal artery and capsule of 
the knee. A  twenty milliliters mixture of bupivacaine 
0.25% and dexamethasone 8  mg was injected. The 
patient’s NRS score was 1 at the end of the procedure 
and maintained during the two weeks follow‑up. The 

patient was referred to our clinic with returned pain. 
We hypothesised that treatment of chronic pain by RF 
in the same area might be beneficial because of the 
nature of the pain and the benefit of iPACK before. We 
then administered an ultrasound‑guided R‑PACK with 
the technique previously described with a 22‑gauge 
100‑mm RF cannula  [Figure  1]. Sensory stimulation 
at 50  Hz was applied to induce discomfort, like the 
usual pain of the patient. Motor stimulation of 2 V 
at 2 Hz was tested for the absence of fasciculation in 
the lower extremity to prevent the inactivation of the 
motor nerves. Then, pulsed RF was performed for 
10 minutes, with a pulse‑width of 10 ms and 60 V with 
the temperature set at 42oC.

The second patient was a 78‑year‑old female who was 
given RF ablation of three main genicular nerves one year 
ago, and she still had pain unresponsive to paracetamol 
and physical therapy in the posterior fossa. She also 
presented with opioid intolerance. Higher doses of 
pregabalin and commencement of additional drugs 
were not suitable due to multi drug use. Encouraged by 
the first case, we decided to perform ultrasound‑guided 
R‑PACK with the technique previously described. After 
the procedure, the patient’s NRS scores decreased in the 
2nd week, 1st, 3rd, and 6th months. Physical Component 
Scores (PCS‑12), Mental Component Scores (MCS‑12) 
and Beck Depression Inventory  (BDI) scores also 
improved [Table 1]. There were no block‑related adverse 
events and no clinically apparent motor blockade.

Sensory innervation of the posterior aspect of the 
knee is provided by common peroneal  (L4‑S2), and 
tibial  (L4‑S3) nerves and the posterior branch of the 

Figure 1: Ultrasound image demonstrating relevant sonoanatomy for 
the pulsed radio frequency between the popliteal artery and capsule of 
the knee (R‑PACK). White line: Possible needle trajectory, PA: Popliteal 
artery, PV: Popliteal vein

Page no. 88



Letters to Editor

475Indian Journal of Anaesthesia | Volume 66 | Issue 6 | June 2022

obturator nerve  (L2‑L4).[5] Current anatomical targets 
for RF ablation techniques consist of periarticular 
genicular nerves providing sensory innervation to the 
anterior side of the knee.[6]

To summarise, this modified novel technique for 
posterior chronic knee pain showed successful control 
of pain for a six‑month follow‑up period. We suggest 
that further prospective clinical studies are required to 
demonstrate the efficacy of R‑PACK.
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Multiple subarachnoid and 
bilateral stellate ganglion blocks 
in a child with newly diagnosed 
mixed connective tissue disease

Sir,

Mixed connective tissue disease (MCTD) is a chronic 
immune‑mediated disease characterised by vasculitis, 
myositis, polyarthritis, pulmonary fibrosis, and 
Raynaud’s phenomenon  (RP).[1] We describe the 
management of severe pain and digital discolouration 
secondary to RP in all limbs in a child of MCTD.

A 12 year, 29 kg female, a diagnosed case of MCTD, 
on oral pentoxyphylline 250 mg, nifedipine 10 mg, 
prednisolone30mg, aspirin 37.5 mg, naproxen 250 
mg, and hydroxychloroquine 100 mg, was referred to 
the pain clinic for the management of severe pain and 
discolouration of digits [Figure 1].

On examination, the child was afebrile with a heart 
rate of 104/min and a respiratory rate of 18/min. The 
patient had dry scaly skin; ulcers over elbows, ankles, 
and toes; discolouration of multiple digits with a high 
numerical pain rating scale  (NRS) of 7–9 [Figure  1]. 
Oxygen saturation (SpO2) was unrecordable in multiple 
digits[Table  1]. Blood investigations were normal 
except for a white blood cell count of 22,000/mm3.

The child was admitted to the paediatric ward. After 
parental informed consent, serial subarachnoid 
block  (SAB) and ultrasound‑guided stellate ganglion 
block (USGB) were undertaken with parental presence 
in the pain clinic. The intravenous cannula was 
secured and standard monitors attached. Right USGB 
was performed with 26G/1.5inches hypodermic 
needle with 5 ml ropivacaine  (0.25%) and clonidine 
10 μg, using a linear 5–13 MHz ultrasound (US) probe 
(Fujifilm SonoSite Edge). The block was performed 
in the long axis.The needle was inserted from the 
lateral to the medial side of the neck, placing the 
needle tip between the longus colli muscle and the 
carotid sheath at the level of the C7vertebra. Saline 
was injected to ensure the correct needle tip position 
followed by the drug.[2] After 30  minutes, SAB with 
bupivacaine (hyperbaric) 2.5 mg and clonidine 15 ug 
was performed with a Quincke needle (27G) at L4‑L5 
level. After 2 hours, left USGB was performed similarly. 
The child was monitored for another two hours before 
shifting to the ward. There was significant pain relief 
after the first set of blocks [Table 1]. A total of three 
sets of blocks were given on four successive days 
[Table  1]. The patient’s clinical condition improved 
significantly and she was discharged on the fifth day 
[Figure 1, Table 1]. After a month, she presented with 
NRS 3 in the right upper limb with purulent discharge 
from the right foot, for which she was admitted. Right 
USGB was given on two alternate days which resulted 
in complete pain relief. Debridement of the infected 
gangrene in both the feet was done under spinal 
anaesthesia with 10 mg bupivacaine (hyperbaric) and 
15 ug clonidine with a 27G spinal needle [Table 1]. The 
child was discharged after three days.She continues 
to be pain‑free for the last 8 months. In a recent 
follow‑up, she was found to have lost a few toes of the 
right foot by auto‑amputation, though her feet, fingers, 
and hands have recovered [Figure 1].

Vasculopathy is the first feature of MCTD. RP 
secondary to vasculopathy can frequently occur and 
result in immense pain and discolouration of the 
extremity. Medical management may take 2–4 weeks 
for complete effect, during which vasculitis might 
progress with pain and auto‑amputation of digits. 
Sympathetic blocks at this stage are crucial for treating 
pain and vasospasm.

In the present patient, bilateral stellate ganglion 
blocks (SGB) were planned under US guidance to 
minimise the risk of injury to adjacent nerves, plexus, 
and vessels in the neck. Bilateral USGB is scarcely 

Figure 1: Discolouration of patient’s digits in upper and lower limbs 
on various dates
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reported in adults due to the risk of bilateral phrenic 
and recurrent laryngeal nerve palsy and breathing 
difficulty.[2,3] To the best of our knowledge, no similar 
case is reported in children. For safety, in the present 
child, all SGBs were performed under US guidance[4,5] 
and each block was performed after an adequate time 
gap to note any complications and haemodynamic 
instability.

Bilateral lumbar sympathectomy and epidural were 
not given for the lower limbs, due to large volumes 
of required local anaesthetic  (LA) along with SGB 
and risk of LA toxicity. Thus, the total dose of LA was 
calculated at all times and all blocks were undertaken 
with monitoring and resuscitation equipment.
The additive effect of analgesia with clonidine and 
vasodilatation secondary to LA leads to significant 
pain relief and reversal of vasospasm.[2,6]

Sympathetic blocks are invaluable to reverse pain 
and vasospasm in vasculitis. On late presentation, 
irreversible changes lead to auto‑amputation; 
however, sympathetic blocks can halt the progression 
of gangrene, as was seen in the present patient.[2]

To conclude, in children with newly diagnosed MCTD 
and RP, sequential SAB, and bilateral USGB can be 
undertaken with careful planning and monitoring for 
successful remission of pain and vasospasm.
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Twin anaesthetic challenges 
in a patient recovered from 
Guillain–Barre syndrome

Sir,

A 6‑year‑old female child weighing 15  kg 
presented to our emergency department  (ED) with 
respiratory distress. She had inspiratory stridor and 
hypoxaemia  (peripheral oxygen saturation 84%). 
About 4 months back, she had been diagnosed with 
Guillain–Barre syndrome (GBS) in view of the typical 
features including ascending paralysis, areflexia and 
respiratory muscle involvement. She had required 
mechanical ventilation soon afterwards and had 
exhibited a gradual but spontaneous recovery with 
extubation after 2  weeks, following which she was 
discharged. After discharge, she had been initially 
asymptomatic, but later reported hoarseness of voice 
along with mild breathing difficulty.

When we tried to intubate her in the ED, we 
encountered difficulty in intubation. Direct 
laryngoscopy was suggestive of suspicious subglottic 
obstruction. An emergency tracheostomy under local 
anaesthesia had to be performed. Evaluation with 
laryngotracheobronchoscopy revealed that she had 
developed a subglottic web. This was probably a 
consequence of intubation and mechanical ventilation 
in her previous admission. A  laser excision of this 
subglottic web was planned.

The two anaesthetic challenges in this case were as 
follows: firstly, the risk of airway fire and secondly, the 
risk of prolonged neuromuscular blockade  (NMB) in 
GBS patients. Laser‑resistant tracheostomy tubes (TTs) 
were not available with us. We approached the challenge 
of airway fire by using a one size smaller uncuffed TT 
wrapped with an aluminium foil  [Figure 1]. We used 
plasma sterilisation to ensure that this modified tube did 
not carry the risk of infection. Saline‑soaked gauze was 
placed over the TT to further reduce the risk of airway 
fire. The second challenge is well known. GBS patients 
are sensitive to neuromuscular blocking drugs (NMBD). 
Hence, their use carries the risk of prolonged paralysis 
and need for mechanical ventilation. Our anaesthetic 
plan did not include muscle relaxants.

Standard American Society of Anesthesiologists (ASA) 
monitoring was performed along with bispectral 

index  (BIS) monitoring. TT was connected to a 
closed‑circuit system, and induction was done with 
injection propofol  (2.5  mg/kg), fentanyl  (2µg/kg) and 
sevoflurane in oxygen with air  (1:1). The propofol 
infusion was titrated to achieve the desired depth of 
anaesthesia, keeping BIS between 40 and 60. Lignocaine 
4% spray was sprayed over the vocal cords and oral 
cavity to decrease stimulation by instrumentation. 
Additionally, in order to blunt the pressor response 
to airway stimulation during surgery, 1.5mg/kg of 
injection lignocaine  (2%) was given. The fraction of 
inspired oxygen was reduced to 0.3 during the surgical 
procedure. Excision of subglottic web was done using 
carbon dioxide laser without any adverse event and 
the patient was awakened after changing TT and 
switching off the propofol infusion. A check fibreoptic 
bronchoscopy (FOB) was done to rule out any foreign 
body left in the trachea. There was no muscle paresis 
or respiratory distress in the postoperative period. She 
had an uneventful recovery and was discharged with 
TT in  situ. Gradual decannulation was done over a 
period of 45 days.

Laser airway surgeries carry a high risk of 
airway fire. The triad of airway fire, which 
includes an oxidising agent  (e.g.  oxygen), a 
combustible material  (e.g.  endotracheal tube) and 
a source of ignition  (laser), is unavoidable in such 
situations.[1] Laser‑resistant endotracheal tubes and 
TTs are indispensable for laser surgeries. However, 
laser‑resistant airway tubes are difficult to source, 
especially in paediatric sizes. Wrapping the airway tube 
with aluminium foil reduces the risk of fire and has 
been successfully used in a few cases earlier.[2,3] This 
technique, however, carries the hazard of retention of 
the foil fragment in the airway, leading to a dangerous 

Figure 1: Tracheostomy tube wrapped with aluminium foil
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foreign body.[4] Hence, a careful inspection of the tube 
and a check FOB should be performed.

During the acute presentation of GBS, both 
succinylcholine  (risk of hyperkalaemia) as well 
as non‑depolarising muscle relaxant  (prolonged 
paralysis) are potentially dangerous.[5] The mean time 
to recovery after GBS is around 3 months, and some 
patients do not have a complete recovery. Further, in 
chronic demyelinating conditions, prolonged effects 
of NMBD have been described.[6] Even though our 
patient had made a clinical recovery, we avoided 
using NMB.
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