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India being a country of diversity, diverse aspects can 
be seen in everything: her culture, beliefs, seasons, 
festivals, religions, food habits, clothing and so 
on. The healthcare practices too are diverse, and 
this includes perioperative medicine.[1] Though the 
surgical techniques and the perioperative management 
are evidence‑based, there are several gaps in this 
area, which need to be worked upon. One of these 
is the issue of ordering preoperative investigations. 
Numerous subjective and documented incidences 
can be counted where the surgical fraternity gets 
frustrated by the investigations ordered by the 
anaesthesiologist. These kinds of skirmishes and 
conflicts with complaints about ‘unnecessary’ ordering 
of preoperative investigations throng the desks of the 
administrators of hospitals and heads of anaesthesia 
departments. Then, there is another group of the 
surgical fraternity who get ‘A to Z’ investigations [from 
haemoglobin (Hb) to 2D echocardiography] done just 
to avoid the postponement of cases apart from getting 
a protective shield against medico‑legal litigations. 
The picture of the surgical/obstetrics and gynaecology 
resident getting scolded by the seniors for not having 
got the laboratory investigations done preoperatively 
is familiar to most of us! The most important and 
common thing that surgeons fear is the postponement 
of the scheduled case by the anaesthesiologist due 
to a lack of a particular preoperative investigation or 

an abnormal preoperative laboratory investigation 
value. It can be concluded from here that ‘not–
really indicated’ investigations are done many 
a time. Many studies have shown that 2/3rd  of 
the ordered preoperative investigations are not 
necessary and that there is a high prevalence of 
superfluous preoperative testing for healthy patients 
of American Society of Anesthesiologists physical 
status (ASA PS) I and II undergoing elective surgical 
procedures.[2‑4] Also, the ordering of preoperative 
investigations by anaesthesiologists is more rational 
and pertinent than that by surgeons.[4] The situation 
of a beginner consultant anaesthesiologist being 
forced to give a surgical case without the ‘required 
preoperative investigations’ is pitiable. Which 
investigation is ‘required’ and which is not ‘required’ 
is the million‑dollar question. The preoperative 
investigation practices vary from centre to centre 
and sometimes, between anaesthesiologists in the 
same institute and for different patient populations. 
The variable dietary patterns, disease patterns, 
clinical presentations and comorbidities add colour 
to this regionalism and diversity in the ordering of 
preoperative investigations.

Many a time, a big parcel of investigations is 
advised to the patient coming to the pre anaesthetic 
evaluation  (PAE) clinic. The flabbergasted patient 
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comes out and after finding out about the costs of these 
investigations, sometimes abandons his idea of getting 
operated or will go to another hospital, as 60% of India’s 
population lies below the poverty line. The various 
state‑run schemes and policies too are variable and 
may not apply to all patients. Will this not compromise 
patient safety? India is a resource‑challenged nation, 
and laboratory facilities may not be available in 
all areas. In such places, the ordering of laboratory 
investigations envisages sending the blood/urine/other 
samples to distant laboratories. This entails more time 
and disturbance of the cold chain duringthe transport 
of the sample, which can lead to erroneous laboratory 
values that can in turn lead to errors in diagnosis and 
clinical management and also lead to delay in the 
surgical procedure. Getting too many investigations 
done increases the psychological stress too amongst 
both patients and surgeons.

All this shouts out aloud one thing in unison……We 
need a set of minimum preoperative investigations 
that can be applied in any kind of healthcare setup: the 
district civil hospitals, the medical colleges, the nursing 
homes or the central healthcare and teaching institutes. 
‘One nation….One set of minimum preoperative 
investigations’ is the need of the hour. Nevertheless, 
the Indian Society of Anaesthesiologists (ISA) having 
realised this need has come out with the practice 
guidelines for preoperative investigations which are 
being published in this issue of the Indian Journal of 
Anaesthesia.[5] The striking aspect is that the authors 
from all parts of the country have participated in 
the formulation of these guidelines, which perhaps 
have potentially nullified the diverse demographic 
factors of our nation. These guidelines are prepared to 
streamline the ordering of preoperative investigations 
and to promote ‘judicious ordering’ as mentioned in 
the preamble. They provide recommendations for 
routine preoperative investigations in ASA PS I and II 
patients scheduled for elective surgical procedures. It 
is worth noting here that it is in this class of patients 
that maximal dilemmas and controversies regarding 
the ordering of preoperative investigations arise. In 
the ASA PS grades beyond these, the comorbidities 
and physician consultations and the drug intake will 
demand a variety of investigations which will have to 
be individualised.

Guidelines evolve from extensive systematic reviews 
(SRs) and meta‑analyses  (MA) of existing studies on 
the topic. SRs and MA on randomised controlled trials 
(RCTs) occupy the highest position in the pyramid of 

evidence‑based medicine; unfortunately, as mentioned 
by the authors of the guidelines on preoperative 
investigations, RCTs on this topic are currently 
not available and in the available studies, the data 
presented are inadequate. The certainty level is low/
very low and hence the recommendations formulated 
for all the research questions in the formulated 
guidelines are weak. This means that there is an urgent 
need to conduct research in the form of RCTs/robust 
observational studies on this topic. Though guidelines 
can be a great help in clinical decision‑making, studies 
show that many health professionals do not follow 
them. Hence, to make them effective in producing 
a change in the established behaviour patterns of 
health professionals, an effective implementation 
strategy for the guidelines is needed.[6] Thus, at the 
moment, the toughest job would be to appraise all 
anaesthesiologists of our nation and our surgical, 
gynaecology, orthopaedics, rhino‑otolaryngology 
colleagues about the guidelines. Many a time, the 
process of preoperative evaluation and the ordering 
of investigations is actually begun by the surgeon in 
the surgical outpatient clinic or wards.[7] PAE may be 
anaesthesiologist‑led/surgeon‑led or nurse‑led. Hence, 
the ISA National including all its state and city branches 
will have to work hard on this by organising lectures 
and discussions on the guidelines in association 
with the members of the Federation of Obstetric and 
Gynecological Societies of India (FOGSI), Association 
of Surgeons of India (ASI) and other associations. This 
will facilitate the easier acceptance of the guidelines 
by surgeons and administrators.

Preoperative history taking and detailed clinical 
examination are the backbone of PAE, and they 
cannot be a substitute for preoperative investigations. 
In fact, the ordering of preoperative investigations 
is based on the history and physical examination 
followed by ASA PS classification. But the irony is 
that patients have high variability in literacy and 
intellectual aspects; they give incomplete histories 
or hide histories and many a time, common diseases 
like diabetes mellitus are diagnosed during a PAE, 
especially in a population that is poorly exposed to 
healthcare facilities.[8] Nevertheless, some studies 
have shown that the detection of comorbidities 
from routine preoperative testing is extremely low.[9] 
However, the primary purpose of PAE is to assess, 
know and diagnose unknown comorbidities which 
can affect perioperative management.[7] Preoperative 
risk stratification models, indices and validated 
scoring systems are used commonly nowadays, and 
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these are used as a part of enhanced recovery after 
surgery  (ERAS) protocols and to improve patient 
outcomes.[10‑12] ASA PS classification is a preoperative 
risk stratification tool that is used commonly for 
all kinds of surgery.[13] The recommendations for 
preoperative investigations in the guidelines that 
are being published are based on the AS PS of the 
patient and hence, they might prove useful for 
ERAS protocols as well. Nowadays, telephonic PAE, 
electronic PAE and nurse‑led PAEs are coming up 
in our country.[14,15] Feedback on the application 
of these guidelines in such situations will help in 
updating the guidelines in the future. The examples 
for categorisation of surgical procedures and their list 
based on invasiveness and duration of surgery have 
been published in the guidelines, but as mentioned in 
the guidelines, the list is endless. If the categorisation 
of the procedure into minor/intermediate and major 
is not clear, the minimum preoperative investigations 
that can be advised for it will also not be correct. 
This is because the investigations recommended are 
based on the category of the surgery. Nonetheless, 
it is a common observation that surgeons are more 
interested in cut‑off values of laboratory investigations/
blood pressures, which will decide postponement/
cancellation of surgery. Hence, future research on 
this aspect including minimum acceptable Hb levels, 
platelet count, etc., is needed.

Caesarean sections and other surgical procedures in 
obstetric patients, paediatric and geriatric patients 
form the heart of routine anaesthesia and surgical 
practice, especially in the peripheral regions of our 
country. However, there are specific pathophysiological 
changes in this population that make them different 
from others. Formulation of guidelines in these 
subsets of the population is in itself an herculean task, 
but a concrete base has been provided by the current 
guidelines, and such issues can be addressed in the 
coming days.

The armamentarium of airway assessment tests 
is full and the debate on which test is best is 
never‑ending.[16] At this juncture, the entry of the 
modality of ultrasonography (USG) of the airway is like 
adding fuel to the existing fire. USG is not yet available 
in all hospitals in our country. It can visualise only the 
structures anterior to the airway, and the dynamics 
of the airway need to be assessed by modalities such 
as magnetic resonance imaging  (MRI) and fibreoptic 
bronchoscopy.[17,18] It is likely that in the near future, 
the handheld point‑of‑care  (POC) ultrasound will 

be used routinely to facilitate preoperative rapid 
screening of the airway and spine.[19]

POC testing which can be done at the patient’s 
bedside or in a satellite laboratory is fast evolving; 
eg‑ dipsticks for urine analysis, hand‑held glucometers 
for blood glucose, viscoelastic haemostatic assays 
withTEG®6s for functional fibrinogen level and 
rapid thromboelastography, instant non‑invasive 
spectrophotometer for haemoglobin, POC tests for 
pregnancy, blood gases, electrolytes, troponin and 
infectious diseases.[20‑23] POC testing though simple, 
provides results in real‑time and is less risky to use, 
and can be associated with errors.[20] POC testing may 
help to minimise preoperative investigations in the 
future. Nevertheless, the guidelines on preoperative 
investigations are meant to reduce the friction between 
the operating surgeons and anaesthesiologists, to 
reduce the patient expenses on investigations, to 
reduce the burden of the laboratories and to serve 
as a strong weapon against medico‑legal litigations. 
Only time and future research work and publications 
will provide insight into the extent to which the 
guidelines will succeed in these aspects. Audits 
and surveys on the degree of implementation and 
adherence to the guidelines need to be conducted in 
the coming days. The information obtained thereby 
can be used to update and improve the quality of the 
guidelines.[24]

Meanwhile, it is important to remember that guidelines 
are not commandments or fixed rules that practitioners 
have to adhere to strictly under any circumstances. 
They are only meant to encourage and assist the 
clinical acumen of the physician in improving patient 
care and outcomes and help to curb the ‘not really 
necessary’ steps in the patient care process.[25]

Currently, it can be said that the steps taken by the 
ISA to formulate evidence‑based practice guidelines 
for preoperative investigations are in the right 
direction. These guidelines aim to standardise the 
practice of preoperative investigations for all regions 
of our country, smaller set‑ups and large metros while 
acknowledging that India is a resourced challenged 
nation and not everyone can afford an array of 
investigations.

Meticulous history‑taking, careful clinical examination 
and the use of metabolic equivalents  (METs) and 
bedside pulmonary function tests to assess the 
functional and cardiopulmonary status can never be 
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substituted by any investigation. Our goal at present 
should be to follow the published guidelines, reduce 
cancellations in surgery and improve patient safety 
and perioperative patient outcomes.
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PREAMBLE

Preoperative investigations are essential for planning, 
stratification, optimisation and perioperative 
management of patients undergoing surgical 
procedures and to improve patient outcomes. However, 
preoperative investigation practices are not uniform 
despite published guidelines from professional bodies 
across the globe, due to various factors including 
socio‑economic, demographic and medico‑legal 
considerations.[1‑9] The practices prevalent in the 
Indian subcontinent involve ordering from minimal 
needed to battery of investigations.[1,3,7,10‑13] With the 
advent of auto analysers, the practice of ordering 
of battery of investigations has become more 
prevalent. Often, many of these investigations may 
not influence the perioperative management and 
outcomes.[3,12,14,15] With widespread availability of 
ultrasound, more anaesthesiologists are getting trained 
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in the perioperative use of ultrasound. Exploring the 
utility of ultrasound for predicting possible difficult 
airway, therefore, was also considered. There are 
no available guidelines on the time frame of the 
validity of previous investigation reports  (Validity 
Time for Previous Investigations ‑   VTPIN), when 
a patient is scheduled for surgery. Taking these 
considerations into account, the Indian Society of 
Anaesthesiologists  (ISA) endeavoured to formulate 
evidence‑based practice guidelines for preoperative 
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investigations. The guidelines are prepared to promote 
judicious ordering of preoperative investigations, with 
focus on the perioperative management strategies. 
The guidelines are expected to aid in better patient 
outcomes considering the geographic, demographic, 
socio‑economic and medico‑legal aspects.

Uniform ordering of investigations will not be 
appropriate in all surgical populations. The 
investigations ordered depend upon the type 
and urgency of surgery (elective, semi‑elective, 
emergency), patient’s current physiological status, 
associated co‑morbidities and the medications. 
The ordering of preoperative investigations also 
considers the complexity of the surgery as categorised, 
for example by the National Institute of Clinical 
Excellence (NICE) based on invasiveness of the 
surgery as minor, intermediate and major or complex 
surgery.[4] The ordering of the investigations needs to 
be individualised in patients scheduled for emergency 
surgery, specialised surgical interventions (such as 
cardiothoracic, vascular, neurological, transplant 
surgery) and in those with severe systemic disease.

Separate guidelines are required to address paediatric, 
obstetric and bariatric population as they have specific 
pathophysiological considerations.

Hence, the practice guidelines from the ISA on 
preoperative investigations are aimed at patients with 
American Society of Anesthesiologists physical status 
(ASA PS) 1 and 2, scheduled for elective surgery.

These guidelines should not be substituted for 
good clinical judgement (based on detailed history, 
clinical evaluation and review of medications) 
and the attending anaesthesiologist may consider 
individualising the decision on further investigations.

Tests for viral markers including coronavirus disease 
2019  (COVID‑19) are ‘screening modalities’ and are 
not considered for formulating the current guidelines. 
The ordering of preoperative investigations may have 
been by an anaesthesiologist not attending to the 
management of the patient on the day of the surgery 
and it is imperative on the attending anaesthesiologist 
to review the reports rationally and proceed with 
anaesthetic management.

Focus of the guidelines
These clinical practice guidelines provide 
recommendations for routine preoperative 

investigations in ASA PS 1 and 2 patients scheduled 
for elective surgical procedures. The guidelines also 
focus on the validity in terms of time frames for 
previously performed investigations when the patient 
is scheduled for a surgical procedure.

The normal range of laboratory tests is derived from 
samples collected from apparently healthy persons 
and subjecting their results to statistical tests to 
determine the mean and range of the values. A 95% 
confidence interval refers to the probability that the 
laboratory test reports conducted on healthy persons 
will fall within this predefined range, 95% of the 
times. In other words, it also means that there is a 
5% probability of a healthy person’s report falling 
outside this defined range.[16] False positive reports can 
contribute to unnecessary delay, referral, and further 
evaluation.[7] Detailed history and clinical evaluation 
should therefore, precede ordering preoperative 
investigations.

METHODOLOGY

The proposal from SBB for formulating the practice 
guidelines for preoperative investigations was approved 
by the general body of the ISA. The Core Committee 
(CC) consisting of the President and Secretary, ISA 
along with 7 other members (SBB, HSS, PD, RG, SK, 
UG, ZA) was constituted. An expert group consisting of 
17 members with academic standing in the speciality 
spread across India and a biostatistician, was formed to 
assist the CC in formulation of the guidelines.

For the purpose of these guidelines, routine 
preoperative investigations are defined as those tests 
which may influence the perioperative anaesthetic 
management and outcome in patients scheduled for 
elective surgeries independent of the specific clinical 
condition.

For the current guidelines, expert consensus was 
sought to categorise common elective surgical 
procedures, based on the invasiveness and duration of 
surgery. The CC prepared a list of commonly performed 
surgical procedures and conducted an anonymous 
survey among the expert group using Google form. 
The experts were asked to categorise each elective 
surgical procedure as minor, intermediate or major. 
Their responses were collected, tabulated and as per 
the consensus  (defined as agreement of  ≥75%), the 
surgical procedures were categorised into appropriate 
sections [Table 1].
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The CC performed review of literature, identified 
the major aspects related to the topic and framed 
10 preliminary research questions  (RQs) based 
on population, intervention, comparator and 
outcomes  (PICO). Each RQ was allotted to a focused 
group of two to three experts and dedicated virtual 
meetings were held subsequently to refine and finalise 
the RQs. Subsequently, each of these expert groups 
performed further review of published evidences and 
discussed with the CC.

A literature search was conducted for relevant 
full‑text articles in the English language published 
between 01  January 2010 and 25  November 2021. 
The search was conducted with compatible keyword 
combinations in online databases PubMed, Embase, 
Google Scholar and Cochrane Library  [Table  2]. All 
studies with patient population scheduled for elective 
non‑speciality surgery were included provided the 
study population consisted of either ASA PS 1 and/or 
2. Studies where ASA PS 3 patients constituted <5% 
of the total study population or where the population 
included ASA PS 1, 2 and higher but categorisation of 
data and outcomes was available separately for ASA 
PS 1 and 2 patients, were also included [Table 3].

Meta‑analyses and systematic reviews published after 
January 2010 were reviewed for references for relevant 
studies. Furthermore, bibliography of each identified 
study was scanned for additional relevant references. 
Those studies that assessed the cost impact as the 
only outcome or did not mention the ASA grading 
of the study population were excluded. Published 
guidelines, narrative reviews, editorials, opinions and 
correspondence articles were excluded though they 
were scanned for relevant references.

The CC reviewed each searched original research 
article for its relevance for inclusion in systematic 
review. As part of the evidence collection and analysis 
process, randomised controlled trials, cohort studies, 
cross‑sectional studies and case control studies were 
considered suitable for the systematic review. Each 
individual group of experts tabulated the important 
data from the collected evidence. Systematic review 
of included studies was conducted and feasibility of 
meta‑analysis of the same was explored. Where there 
was lack of data/missing information in the articles, 
the corresponding authors were contacted through 
e‑mail to seek raw data. Quality of evidence based 
on the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) approach was 

ascertained and appropriate certainty level  (High, 
Moderate, Low or Very Low) was provided for each 
article and for the systematic review.[17] If the certainty 
level of evidence was graded as very low or low, a 
‘weak’ recommendation was made, and a ‘strong’ 
recommendation was made if the certainty level of 
evidence was graded as high or moderate.

A three‑step Delphi methodology was followed to arrive 
at consensus on the recommendations[18] [Figure  1]. 
Prior to round one of Delphi, the CC prepared draft 
recommendations for each RQ along with evidence 
summary tables containing data of all the studies 
included for the systematic review [Tables 4 and 5].

Round One: RQs along with the draft recommendations 
and the collected evidences were sent by e‑mail  (via 
anonymous Google Survey Form) to each of the 16 
subject experts. They were asked to provide responses 
as ‘accept’ or ‘reject’ or ‘review’ for all the draft 
recommendations. When review was opted, experts 
were to comment if any clarification or modification 
was required. The completed responses from the 

Table 1: Examples for categorisation of surgical 
procedures based on invasiveness and duration of 

surgery
Minor Intermediate Major
Superficial debridement 
surgery

Open inguinal hernia 
repair

Modified radical 
mastectomy

Fibroadenoma breast 
excision

Laparoscopic hernia 
repair

Flap reconstruction 
surgery

Haemorrhoidectomy Laparoscopic 
appendectomy

Total thyroid 
excision and neck 
dissection

Gynaecological 
dilatation and curettage

Laparoscopic 
cholecystectomy

Wertheim’s 
hysterectomy

Closed reduction 
of fractures and 
dislocations

Varicose vein 
stripping

Arthroscopic 
shoulder 
reconstruction

K‑wire insertion/removal Benign thyroid 
excision

Spine fixation 
surgery

Minor urological 
procedures (cystoscopy, 
ureteroscopy, stenting)

Below knee 
amputation

Joint replacement 
surgery

Cataract surgery Benign hysterectomy Femur fracture 
fixation

Arthroscopic knee 
reconstruction
Tibia/forearm fracture 
fixation
Transurethral 
resection of prostate
Adenotonsillectomy
Functional endoscopic 
sinus surgery

The list of surgical procedures is endless. A list of common surgical 
procedures are categorised based on the consensus opinion and the same 
are provided in the table above
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experts were returned to the CC. Affirmation as ‘accept’ 
or ‘reject’ for each draft recommendation by 75% or 
more experts was considered as a consensus. If the 
affirmation to accept or reject was less than 75% and if 
‘review’ option was opted for, those recommendations 
were revised as per the suggestions.

Round Two: The revised draft recommendations along 
with the summary of expert opinions from round 1 
were circulated by e‑mail  (via anonymous Google 
Survey Form) to each expert for the second round to 
seek a consensus. Similar methodology as per round 
1 was followed.

Round Three: This was an open virtual meeting of 
all experts along with the CC where consensus was 
reached for the unresolved draft recommendations 
through ‘show of hands’ and active deliberations. 
These were suitably redrafted as per the suggestions 
from the experts. After reaching consensus, the 
recommendations were made final.

Overall, from conception to the formulation of 
guidelines, the CC held 2 physical meetings and 63 
virtual meetings among themselves and 48 virtual 
meetings with the experts.

The summary of the final recommendations [Table 6] 
was presented to the Governing Council and General 
Body of ISA and was formally approved.

To know the prevailing practice patterns of ordering 
the preoperative investigations among Indian 
anaesthesiologists, the CC prepared a structured 
questionnaire for the survey which was subsequently 
validated by independent experts. This questionnaire 
was circulated among the 5838 delegates of the 
national conference of ISA conducted from 25 to 
28 November, 2021.

GUIDELINES AND RECOMMENDATIONS

Complete blood count
In ASA PS 1 and 2  patients scheduled to undergo 
elective surgery, will routine preoperative complete 
blood count testing change anaesthetic management 
or patient outcomes after surgery?

Literature review regarding complete blood 
count  (CBC) revealed that some of the available 
studies had tested individual components of CBC, that 
is, haemoglobin or haematocrit, total and differential 
leukocyte count and platelet count, while others had 
tested CBC as a whole.[3,11‑13,19‑24]

Anaemia is a global health issue with a prevalence rate 
of approximately 14% in ASA PS 1 and 2 preoperative 
patients.[3,11‑13,19‑27] This can contribute to adverse 
events such as tachycardia, arrhythmias, increased 

Table 3: Inclusion and exclusion criteria
Inclusion criteria

Studies with ASA PS 1 and/or ASA PS 2 patients scheduled for 
elective surgery 
Studies where ASA PS 3 patients constituted <5% of the total 
study population 
Studies where the population included ASA PS 1, 2 and higher 
but categorisation of data and outcomes was available separately 
for ASA PS 1 and 2 patients. 

Exclusion criteria:
Studies that did not mention the ASA grading of the study 
population
Studies on preoperative investigations with cost analysis as the 
sole outcome measure
Studies involving only cardiovascular surgery, thoracic surgery, 
neurosurgery, transplant surgery
Published guideline, narrative reviews, editorials, opinions, 
correspondence articles

ASA PS ‑ American Society of Anesthesiologists Physical Status 

Table 2: Search strategies for published evidence
Search duration: 01 January 2010 to 25 November 2021
Databases
PubMed, Cochrane Library, Embase, Google Scholar, Scopus
Search Words
Prevalence and Anaemia and Preoperative or Prior to surgery; 
Prevalence and Anaemia and India and Preoperative or Prior to 
surgery 
Preoperative or Prior to surgery and investigations or tests or 
laboratory or radiology or ECG or Electrocardiogram or mortality or 
morbidity 
CBC or Complete blood count or TLC or Leukocyte count or 
Platelets or WBC or White blood cell count or Haemoglobin or 
Haematocrit and Preoperative or Prior to surgery 
Renal function tests and Preoperative or Prior to surgery, Serum 
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risk of infection, heart failure in the perioperative 
period. It can also contribute to increased duration 
of hospital stay, rates of intensive care admission and 
blood transfusion, which carry their own associated 
risks.

Few of the studies have used haemoglobin as the 
parameter reflective of anaemia while few have used 
haematocrit. For the purpose of current guidelines, 
‘haemoglobin’ is uniformly used as the investigation 
parameter. Nine studies (n = 27697) tested the effects of 
preoperative haemoglobin/haematocrit on immediate 
perioperative outcomes [Table  4].[3,11‑13,19‑23] Most 
studies included combinations of minor, intermediate 
and major surgeries. Review of evidence indicates 
the need for haemoglobin testing preoperatively in 
patients scheduled for intermediate to major surgeries. 
However, evidence was equivocal regarding minor 
surgeries. There was no evidence on outcomes related 
to increased haemoglobin levels.[20]

Both leukocytosis and leukopenia can potentially 
contribute to adverse outcomes in the perioperative 
period. Among four studies that tested 
TLC (n = 25817),[11‑13,20] leukocytosis was associated with 
adverse outcomes in patients undergoing intermediate 
and major surgeries. However, leukopenia did not 
influence the perioperative outcomes.[20] [Table 4].

The abnormal platelet counts may influence the 
perioperative management strategies and outcomes. 
Low platelet counts may have adverse implications 
for both central neuraxial and peripheral nerve blocks. 
Three studies (n = 24617) reported no influence on the 

perioperative outcome with platelet count <1.5 x 106/
mm3.[11,12,20] Increased platelet counts also can have 
adverse implications related to thrombotic mechanism. 
Three studies (n = 24617) reported no influence on the 
perioperative outcome with platelet count >4.5 x 106/
mm3 [Table 4].[11,12,20] However, extreme levels of platelet 
count in these patients were not reported. Identifying 
the lowest and highest levels of platelet counts with 
respect to uneventful perioperative outcomes could be 
the focus of future research.

When central or peripheral nerve blocks are planned, 
the practitioner is advised to refer to the latest guidelines 
on regional anaesthesia and anticoagulation. The 
guidelines related to the influence of various drugs 
from the alternative systems of medicine which may 
have effect on platelet count or functioning needs to 
be considered.[28]

Regarding CBC testing, two studies  (n  =  153) 
involving minor and intermediate surgeries did not 
report any adverse outcomes.[23,29] Among those with 
abnormal CBC, in three studies (n = 1444) involving 
minor, intermediate and major surgeries, 131 patients 
required further investigations, delay, or referral, 
7  patients required postponement of the scheduled 
surgical procedure or change in management approach 
and 12  patients required blood or blood product 
transfusion[3,24,30] [Table 4].

The evidence was favouring CBC for intermediate 
and major surgeries when individual component data 
was taken together with CBC. Based on the existing 
evidence and practices among anaesthesiologists and 

Figure 1: The three-step Delphi method
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the hospital set ups, it was suggested by the experts that 
preoperative CBC would be of high utility with respect 
to management and outcomes for minor surgeries also.

Online survey conducted as a part of this guideline 
formulation showed that of the total 1169 survey 
respondents, majority (n  =  753) were in favour of 
ordering CBC as a preoperative investigation rather than 
individual components. Majority of the respondents, 
that is, 998, 1052, 1169 also practiced ordering CBC prior 
to minor, intermediate and major surgeries respectively 
[Supplementary Appendix 1, available online].

Recommendation 1: Preoperative complete blood count 
testing is suggested for patients undergoing minor, 
intermediate and major surgery

Renal function tests
In ASA PS 1 and 2  patients scheduled to undergo 
elective surgery, will routine preoperative renal 
function testing change anaesthetic management or 
patient outcomes after surgery?

Among the renal function tests, serum creatinine is 
more specific than blood urea and even the estimated 
glomerular filtration rate  (eGFR) calculation is based 
on the serum creatinine value and hence serum 
creatinine was considered as the main parameter, 
changes in which may influence the outcome.

Out of the 11 available studies [Table 4],[3,11‑13,20,21,23,24,29‑31] 
9 studies estimated serum creatinine.[3,11‑13,20,21,24,30,31] Two 
studies involving intermediate surgeries (n = 21165) 
and one study (n = 670) involving intermediate and 
major surgeries showed abnormal creatinine to have no 
influence on outcomes.[11,20,23] Six studies (n = 3547) 
involving all three surgery categories, showed adverse 
outcomes in 18  patients having high preoperative 
serum creatinine levels.[3,12,13,24,30,31] Two studies 
involving minor and intermediate surgeries that 
tested blood urea only (n = 153) did not report any 
adverse outcomes[23,29] [Table 4].

Hypoxaemia, haemodynamic instability, direct organ 
handling, technique and duration of the procedures 

Table 6: Practice Guidelines from the Indian Society of 
Anaesthesiologists on preoperative investigations

Recommendation 1: Preoperative complete blood count testing is 
suggested for patients undergoing minor, intermediate and major 
surgery
Recommendation 2a: Preoperative serum creatinine estimation is 
NOT suggested for patients undergoing minor surgery
Recommendation 2b: Preoperative serum creatinine estimation is 
suggested for patients undergoing intermediate and major surgery
Recommendation 3: Preoperative serum sodium and potassium 
estimation is NOT suggested for patients undergoing minor, 
intermediate and major surgery
Recommendation 4a: Preoperative liver function testing is NOT 
suggested for patients undergoing minor and intermediate surgery
Recommendation 4b: Preoperative liver function testing is 
suggested for patients undergoing major surgery
Recommendation 5: Preoperative coagulation profile (PT/INR and 
aPTT) testing is NOT suggested for patients undergoing minor, 
intermediate and major surgery
Recommendation 6: In non‑diabetic patients, preoperative blood 
glucose estimation is NOT suggested when scheduled to undergo 
minor, intermediate and major surgery.
Recommendation 7a: In non‑cardiac patients, preoperative 
12‑lead electrocardiogram testing is suggested at age 45 years 
and above, when scheduled to undergo minor and intermediate 
surgery 
Recommendation 7b: Preoperative 12‑lead electrocardiogram 
testing is suggested for all patients undergoing major surgery
Recommendation 8a: Preoperative chest X‑ray testing is NOT 
suggested for patients undergoing minor surgery
Recommendation 8b: Preoperative chest X‑ray testing is 
suggested for patients aged 50 years and above, undergoing 
intermediate and major surgery
Recommendation 9: Routine preoperative ultrasonographic airway 
assessment is NOT suggested for predicting difficult laryngoscopy.
Recommendation 10a: The acceptable validity time (VTPIN) for a 
previously performed normal complete blood count, renal function 
tests, liver function tests, coagulation profile, is suggested to be 
2 months provided the clinical condition of the patient has not 
changed in the intervening period.
Recommendation 10b: The acceptable validity time (VTPIN) for a 
previously performed normal 12‑lead electrocardiogram and chest 
X‑ray, is suggested to be 12 months provided the clinical condition 
of the patient has not changed in the intervening period.
These clinical practice guidelines provide recommendations for routine 
preoperative investigations in ASA PS 1 and 2 patients scheduled for 
elective surgical procedures. 
Routine preoperative investigations are defined as those tests which may 
influence the perioperative anaesthetic management strategy and outcome 
in patients scheduled for elective surgeries independent of the specific 
clinical condition.
These guidelines should not be substituted for a good clinical 
judgement (based on detailed history, clinical evaluation and review 
of the medications) and the attending anaesthesiologist may consider 
individualising the decision on further investigations. 
Few examples:

A patient scheduled for transurethral resection of prostate requires testing 
for serum electrolytes considering the influence of the surgical procedure 
where absorption of irrigation fluids may alter the electrolyte levels.
A patient receiving diuretics or angiotensin converting enzyme inhibitors 
may require testing for serum electrolytes.
A patient scheduled for liver biopsy or gall bladder procedure may require 
liver function tests.
A patient with respiratory symptoms may require chest X‑ray irrespective 
of the age or nature of surgery.

Table 6: Contd...
When regional anaesthetic procedures are planned, the practitioner is 
advised to refer to the latest guidelines on regional anaesthesia in patients 
on anticoagulants. The guidelines related to the influence of various 
drugs from the alternative systems of medicine which may have effect on 
coagulation needs to be considered.
The statements are intended to guide the practitioners of anaesthesiology 
and healthcare establishments on judicious ordering of investigations in the 
preoperative period.

Contd...
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are some of the factors which can contribute to 
acute kidney injury in the perioperative period in 
intermediate and major surgeries.[32,33] The consensus 
among the experts was in favour of ordering 
preoperative serum creatinine before intermediate and 
major surgeries to guide the patient management.

Online survey conducted as a part of this guideline 
formulation showed that of the total 1169 survey 
respondents, 474, 771 and 1112 respondents preferred 
to get preoperative RFT in minor, intermediate 
and major surgeries, respectively [Supplementary 
Appendix 1, available online].

Recommendation 2a: Preoperative serum creatinine 
estimation is NOT suggested for patients undergoing 
minor surgery.

Recommendation 2b: Preoperative serum creatinine 
estimation is suggested for patients undergoing 
intermediate and major surgery.

Serum electrolytes
In ASA PS 1 and 2  patients scheduled to undergo 
elective surgery, will routine preoperative serum 
electrolytes (Na, K) testing change anaesthetic 
management or patient outcomes after surgery?

Alterations in serum sodium and serum potassium 
may be associated with medical and surgical 
disorders, drug intake and have a potential 
to affect the anaesthetic management and the 
outcomes.[34‑37] One study involving intermediate 
surgeries (n  =  20915),[20] and two studies involving 
minor and intermediate surgeries  (n  =  765) did not 
report any adverse outcomes related to deranged 
serum electrolytes.[21,23] Three studies involving 
all three categories of surgeries  (n  =  608), showed 
influence on outcomes in five patients with deranged 
serum sodium.[13,24,30] Evidence with outcomes related 
to altered serum potassium independently were not 
available [Table 4].

Online survey conducted as a part of this guideline 
formulation showed that of the total 1169 survey 
respondents, 233, 453, 1040 respondents preferred 
to get preoperative serum electrolytes in minor, 
intermediate and major surgeries, respectively 
[Supplementary Appendix 1, available online].

Recommendation 3: Preoperative serum sodium and 
potassium estimation is NOT suggested for patients 
undergoing minor, intermediate and major surgery.

Liver function tests
In ASA PS 1 and 2  patients scheduled to undergo 
elective surgery, will routine preoperative liver 
function testing change anaesthetic management or 
patient outcomes after surgery?

Liver function tests  (serum albumin, serum 
bilirubin, alanine aminotransferase  (ALT), aspartate 
aminotransferase  (AST) and alkaline phosphatase) 
assess the synthetic and metabolic functions of 
the liver  (PT/INR is a sensitive marker for synthetic 
function of the liver; it is addressed under coagulation 
profile as a separate parameter). Low albumin levels 
have been reported to be independent predictors of 
the perioperative outcomes.[38,39]

On evidence review, six relevant studies 
(n = 18338)[3,11,20,23,29,30] for preoperative liver function 
tests  (LFT) were identified of which four studies 
conducted on patients undergoing minor and/or 
intermediate surgery  (n  =  17806) did not show any 
influence of LFT on outcomes.[11,20,23,29] In two studies 
involving patients scheduled for minor, intermediate 
and major surgeries (n = 532), among patients who had 
altered preoperative LFT, 21 patients required further 
investigations, referral or delay, while three patients 
required blood transfusion.[3,30] Individual components 
of LFT did not have any adverse impact on the 
outcomes as reported in a study conducted on patients 
undergoing intermediate surgeries  (n  =  17450)[20] 
[Table 4].

Online survey conducted as a part of this guideline 
formulation showed that of the total 1169 survey 
respondents, 106, 300 and 904 respondents preferred 
to get preoperative LFT in minor, intermediate 
and major surgeries, respectively [Supplementary 
Appendix 1, available online].

Recommendation 4a: Preoperative liver function 
testing is NOT suggested for patients undergoing 
minor and intermediate surgery

Recommendation 4b: Preoperative liver function 
testing is suggested for patients undergoing major 
surgery

Coagulation profile
In ASA PS 1 and 2  patients scheduled to undergo 
elective surgery, will routine preoperative coagulation 
profile (Prothrombin Time/International Normalised 
Ratio, activated Partial Thromboplastin Time) testing 
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change anaesthetic management or patient outcomes 
after surgery?

Abnormalities in preoperative coagulation tests  (PT/
INR, aPTT) may influence the perioperative 
management strategy.[40‑42]

One study involving intermediate surgeries 
(n  =  15643),[20] two studies involving minor and 
intermediate surgeries (n  =  55),[23,29] and one study 
involving intermediate and major surgeries (n = 670),[21] 
did not report adverse outcomes related to abnormal 
coagulation profile. In three studies involving all three 
categories of surgeries  (n  =  1446),[13,24,30] change in 
approach or change in management plan was observed 
in 11 patients with abnormal preoperative coagulation 
reports [Table 4].

When regional techniques are planned in patients 
on anticoagulants, the practitioner is advised to 
refer to the latest guidelines on regional anaesthesia 
and anticoagulation. The guidelines related to the 
influence of various drugs from the alternative systems 
of medicine which may have effect on coagulation 
needs to be considered.[28]

Online survey conducted as a part of this guideline 
formulation showed that, of the total 1169 survey 
respondents, 460, 811 and 1056 respondents 
preferred to get preoperative coagulation profile in 
minor, intermediate and major surgeries, respectively 
[Supplementary Appendix 1, available online].

Recommendation 5: Preoperative coagulation profile 
(PT/INR and aPTT) testing is NOT suggested for 
patients undergoing minor, intermediate and major 
surgery.

Blood glucose
In ASA PS 1 and 2 non‑diabetic patients scheduled 
to undergo elective surgery, will routine preoperative 
blood glucose estimation change anaesthetic 
management or patient outcomes after surgery?

Patients are considered as non‑diabetic if during 
preanaesthetic evaluation, there is no history, finding 
or previous investigation report suggestive of diabetes 
mellitus. In such patients, role of preoperative 
blood glucose estimation on perioperative outcomes 
needs to be evaluated. In one study involving 
intermediate surgeries  (n  =  500), no patient had 
abnormal blood glucose.[11] In five studies involving 

all three categories of surgeries (n = 2894), amongst 
patients with elevated blood glucose preoperatively, 
eight required referral and six needed a ‘change in 
approach’[3,12,13,24,30] [Table 4].

Detection of single increased blood glucose level during 
preoperative investigation in patients without diabetes 
mellitus and its potential influence on major outcomes 
such as cancellation, infection in the cited evidences 
were considered by the experts, followed by further 
deliberations before arriving at the recommendation.

Online survey conducted as a part of this guideline 
formulation showed that of the total 1169 survey 
respondents, 748, 863 and 1083 respondents preferred 
to get preoperative blood glucose estimation in 
minor, intermediate and major surgeries, respectively 
[Supplementary Appendix 1, available online].

Recommendation 6: In non‑diabetic patients, pre 
operative blood glucose estimation is NOT suggested 
when scheduled to undergo minor, intermediate and 
major surgery.

12‑lead electrocardiogram
In ASA PS 1 and 2 non‑cardiac patients scheduled 
to undergo elective surgery, will routine preoperative 
12‑lead electrocardiogram testing change anaesthetic 
management or patient outcomes after surgery?

Preoperative 12‑lead electrocardiogram testing can 
detect pre‑existent or ongoing myocardial ischaemic 
changes, endocardial or pericardial pathology and 
may also reflect electrolyte disorders and underlying 
co‑morbidities.[3,11,12] One study involving intermediate 
surgeries  (n  =  420) reported no adverse outcome in 
patients with ECG changes.[11] Four studies involving all 
three categories of surgeries (n = 2436) reported ECG 
changes resulting in minor impact (further investigation, 
referral or delay) in 58 patients and a change in approach 
in 3 patients. One patient required postponement of the 
surgical procedure due to new onset ECG changes in 
the operating room[3,12,13,24] [Table 4].

Non‑cardiac status of a patient is reflected by the absence 
of history, clinical findings or reports suggestive of 
cardiovascular disease. The incidence of cardiovascular 
diseases increases with age.[43,44] The cardiovascular 
disease death rate in India is much higher than the 
global average.[45,46] When patients at risk as per these 
evidences  (by age) present for incidental surgery, 
cardiac events are more likely to be encountered in the 
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perioperative period.[47] Published evidence along with 
this information was considered and deliberated by the 
experts before arriving at the recommendations.

Online survey conducted as a part of this guideline 
formulation showed that of the total 1169 survey 
respondents, 609, 834 and 1110 respondents preferred to 
get preoperative 12‑lead ECG test in minor, intermediate 
and major surgeries, respectively. Majority (932/1169) 
of the ISA members were in favour of designating an 
age criterion for routine preoperative ECG testing. 
Among these 932 respondents, majority (n = 837) were 
in favour of ECG testing at 45 years of age and above 
[Supplementary Appendix 1, available online].

Recommendation 7a: In non‑cardiac patients, pre 
operative 12‑lead electrocardiogram testing is 
suggested at age 45 years and above, when scheduled 
to undergo minor and intermediate surgery.

Recommendation 7b: Preoperative 12‑lead electro 
cardiogram testing is suggested for all patients 
undergoing major surgery.

Chest X‑ray
In ASA PS 1 and 2  patients scheduled to undergo 
elective surgery, will routine preoperative chest X‑ray 
testing change anaesthetic management or patient 
outcomes after surgery?

Preoperative chest X‑ray findings have the potential to 
influence the perioperative management but the utility 
of this investigation needs to be considered in view of the 
radiation hazards. In one study involving intermediate 
surgeries  (n  =  470), 10  patients with abnormal 
preoperative chest X‑ray findings developed mild 
intraoperative bronchospasm.[11] In 4 studies involving 
all 3 categories of surgeries  (n  =  2162), among those 
with abnormal preoperative chest X‑ray findings, minor 
impact (further investigations, referral or delay in starting 
the procedure) was observed in 21 patients and a change 
in management required in 9 patients[3,12,13,24] [Table 4].

Some of the radiographic changes may not be 
of relevance such as those indicative of older 
pathology  (tuberculosis, obstructive and restrictive 
lung diseases). The chest imaging can also reveal 
certain cardiovascular and pulmonary changes 
attributable to the impact of smoking, pollution or 
cardiac disorder and tend to have cumulative effect 
with increasing age. Minor radiographic changes 
observed in younger individuals may not impact the 

perioperative management.[48] These factors along 
with the evidences were collectively considered and 
deliberated by the experts during Delphi consensus, 
prior to arriving at the recommendations.

Online survey conducted as a part of this guideline 
formulation showed that of the total 1169 survey 
respondents, 319, 602 and 982 respondents preferred 
to get preoperative chest X‑ray testing in minor, 
intermediate and major surgeries, respectively. 
Approximately 51% (598/1169) of the respondents to 
the online survey were in favour of age based routine 
chest X‑ray testing in patients scheduled for surgery. 
Though majority (n = 561), were in favour of routine 
chest X‑ray testing in patients aged 45 years and above, 
239 among them were in favour of testing at patient 
age at or above 60 years [Supplementary Appendix 1, 
available online].

Recommendation 8a: Preoperative chest X‑ray testing is 
NOT suggested for patients undergoing minor surgery.

Recommendation 8b: Preoperative chest X‑ray testing 
is suggested for patients aged 50  years and above, 
undergoing intermediate and major surgery

Airway
In ASA PS 1 and 2  patients scheduled to undergo 
elective surgery, will routine preoperative 
ultrasonographic airway assessment predict difficult 
airway?

Increasing accessibility of ultrasonogram  (USG) 
for the anaesthesiologists has enabled its utility for 
preoperative airway assessment. Preliminary data 
suggests that USG would be one of the important 
preoperative airway assessment tools. Airway 
ultrasonography could predict difficult laryngoscopy 
more reliably than the clinical parameters in 20 out of 
the 22 studies[49‑70]  [Table 5]. These studies had used 
varied USG parameters as predictors of difficult airway. 
With the available evidences, a specific parameter 
or a combination of parameters to predict a difficult 
airway cannot be suggested. Since airway ultrasound 
is an evolving field, further research may be able to 
conclusively demonstrate the USG parameters that 
have high sensitivity and specificity for predicting 
difficult laryngoscopy.

Recommendation 9: Routine preoperative ultra 
sonographic airway assessment is NOT suggested for 
predicting difficult laryngoscopy.
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Validity time for previous investigations (VTPIN)
In ASA PS 1 and 2  patients scheduled to undergo 
elective surgery, what is the validity time for previous 
investigations provided the patient’s underlying 
condition remains stable in the intervening period?

The Validity Time for Previous Investigations (VTPIN) 
refers to the acceptable interval from the time 
of previous testing for any purpose, to current 
preoperative evaluation.

One study  (n  =  235010) concluded that normal 
blood test reports  (CBC, LFT, RFT, serum sodium, 
and coagulation profile  (PT/INR, aPTT) obtained 
within the last 2  months from the date of surgery 
did not differ significantly in their influence on the 
outcomes studied compared to those which were 
performed within 1 or 2 weeks prior to surgery.[71] A 
retrospective cohort study (n = 932)[72] considered the 
preoperative test reports  (CBC, blood glucose, RFT, 
coagulation tests, ECG and chest x‑ray) obtained for 
the first surgical procedure and compared with the 
test reports obtained for re‑interventions (6‑84 months 
interval). The preoperative test reports obtained for 
second surgery performed 12  months after the first 
intervention, remained largely unaltered and minor 
alterations did not have any influence on the outcomes.

Recommendation 10a: The acceptable validity time 
(VTPIN) for a previously performed normal complete 
blood count, renal function tests, liver function tests, 
coagulation profile, is suggested to be 2  months 
provided the clinical condition of the patient has not 
changed in the intervening period.

Recommendation 10b: The acceptable validity time 
(VTPIN) for a previously performed normal 12‑lead 
electrocardiogram and chest X‑ray, is suggested to 
be 12 months provided the clinical condition of the 
patient has not changed in the intervening period.

Limitations and evidence updates
Non‑availability of randomised controlled trials and 
inadequacy of data in the available studies (definitions, 
outcomes, follow‑up, testing pattern, etc.) were major 
limitations for performing the meta‑analysis. The 
certainty level for the available literature was low or 
very low and hence the recommendations formulated 
for all the RQs are weak.

After the formulation of the final recommendations, 
the core committee reviewed additional publications 

satisfying the original search strategy  (25  November 
2021 till 03  May  2022). In one study  (n  =  170, age 
15‑45 years), majority of the patients were routinely 
tested for CBC, RFT, serum electrolytes, blood glucose, 
12‑lead electrocardiogram and chest X‑ray. In those 
patients where reports were abnormal, there was 
no influence on the outcomes. The categorisation 
of patients in terms of the nature of surgery was 
not available.[73] Four studies  (n  =  2700) concluded 
preoperative ultrasonographic airway assessment 
to be a better assessment tool for predicting difficult 
laryngoscopy compared to routinely used clinical 
parameters.[74‑77]

One study (n  =  150, 18‑60  years) concluded that 
preoperative ultrasonographic airway assessment 
was not superior to clinical evaluation in predicting 
difficult laryngoscopy.[78] The outcomes from these 
additional evidences were in agreement with the 
formulated recommendations. Hence, these guidelines 
stand valid with the latest evidence.

A ready reckoner is recommended to be downloaded 
for display for educational and clinical purposes (eg, 
in pre‑anaesthesia check‑up clinics, wards and other 
areas) [Supplementary Appendix 2, available online].
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SUPPLEMENTARY APPENDIX 1

Appendix 1 

Survey Data - Preoperative Investigations (Indian Society of Anaesthesiologists) 

Work place of the delegates Numbers 
Government Medical College Hospital/Teaching Institute 411 
Private Medical College Hospital 226 
DNB / NB Teaching Hospital (Government) 19 
DNB / NB Teaching Hospital (Private) 150 
Non-DNB Corporate Hospital 162 
Freelance - Single 177 
Freelance - Group Practice 24 
Total 1169 
 

Delegates experience in anaesthesiology Numbers 
 < 3 years (postgraduate) 142 
3-6 years 220 
6-12 years 245 
12-25 years 355 
>25 years 207 
Total 1169 
 

Separate protocol for preoperative investigations at workplace Numbers 
Yes  710 
No 459 
Total 1169 
 

Opinion about ordering a battery of preoperative investigations Numbers 
Yes 275 
No 894 
Total 1169 
 

Do you consider cost benefit before ordering preoperative tests? Numbers 
Yes 1110 
No 59 
Total 1169 
 

Opinion about package system of ordering preoperative tests Numbers 
Yes 310 
No 859 
Total 1169 
 

Does your hospital follow package system for preoperative tests? Numbers 
Yes 300 
No 869 
Total 1169 



 

Preference regarding ordering complete blood count (CBC) or 
individual tests (Haemoglobin, Total and differential leukocyte 
count, platelets) Numbers 
CBC  753 
Individual testing 416 
Total 1169 
 

Preoperative investigations ordering 
preferences depending on invasive 
nature of surgery 

Minor 
surgery 

(Numbers) 

Intermediate 
surgery 

(Numbers) 

Major 
Surgery 

(Numbers) 

Complete Blood Count (CBC) 998 1052 1169 

Renal Function Tests (RFT) 474 771 1112 

Serum electrolytes (Sodium, Potassium) 233 453 1040 

Liver Function Tests (LFT) 106 300 904 

Coagulation profile 460 811 1056 

Blood glucose 748 863 1083 

Urine analysis 183 255 563 

Thyroid profile 69 173 567 

12-lead electrocardiogram 609 834 1110 

Chest X-ray 319 602 982 

 

Would you decide to order 12-lead 
electrocardiogram (ECG) based on age of 
patient? 

Age cut off preference Numbers 

<45 years 
95 

Yes: 932 45-60 years 759 
No: 237 >60-80 years 77 
Total: 1169 >80 years 1 
 

Would you decide to order 12-lead 
electrocardiogram (ECG) based on age of 
patient? 

Age cut off preference Numbers 

<45 years 
37 

Yes: 598 45-60 years 322 
No: 571 >60-80 years 207 
Total: 1169 >80 years 32 
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INTRODUCTION

Bronchoscopy commonly produces hypoxaemia. The 
partial pressure of oxygen  (PaO2) usually decreases 
about 20  mmHg during the procedure, and the worst 
decrease occurs during bronchoalveolar lavage. To avoid 
bronchoscopy‑induced hypoxaemia, oxygen supply can 
be delivered by low or high gas flows. Recently, the 
high‑flow nasal cannula  (HFNC) has been introduced 
for oxygen therapy.[1,2] This delivers high flow, heated, 
humidified air via nasal prongs at a prescribed fraction of 
inspired oxygen (FiO2) and a maximum flow of 60 L/min. 
It maintains blood oxygenation during the apnoea 
period of bronchoscopy, generates a flow‑dependent 
positive airway pressure, and improves oxygenation 
by increasing end‑expiratory lung volume.[3] The aim 
of this trial was to assess the safety and efficacy of 

oxygenation using a HFNC compared with the standard 
apnoeic oxygenation technique during foreign body (FB) 
removal by a rigid bronchoscope.

METHODS

This trial was approved by our institutional Ethics 
Committee and was conducted in accordance with the 
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Helsinki Declaration of 1975, as revised in 2013. The 
trial was registered with the clinical trial registry (ID: 
NCT04885673). We obtained informed written consent 
from the participants or their parents, and we were 
responsible for maintaining the confidentiality of the 
data.

This prospective, blinded, parallel‑group (1:1 allocation 
ratio), randomised, controlled clinical trial was 
conducted at the University Hospitals (Cardiovascular 
Surgery Hospital, Thoracic Surgery Unit), between 
April 25, 2021 and July 5, 2021.

The effect size for the difference between 
proportions  (Cohen’s effect) was calculated by the 
equation: h = 2∗arcsin (√p1) – 2∗arcsin (√p2), giving 
approximated h = 0.5, where p1 and p2 are the two 
proportions  [(HFNC group  (34.6%) and standard 
apnoeic oxygenation group (12.0%)] and using the G 
power programme  (Version  3.1.9.4) for sample size 
calculation, setting power at 80%, alpha error 5%, 
and after reviewing previous study results[4] assuming 
medium effect size difference  (0.4) in oxygenation 
levels  [lowest peripheral oxygen saturation <90%] 
between two groups of patients planned for FB 
removal (one group had HFNC [34.6%] and the other 
had standard apnoeic oxygenation [12.0%]) and after 
considering dropout rate 20%; a sample size of at least 
64 patients planned for FB removal (32 patients in each 
group) was sufficient to achieve the trial objective.

The sealed, opaque, sequentially‑numbered envelopes 
method was used for randomisation and allocation 
concealment. We prepared two sets of 32 identical, 
opaque, letter‑sized envelopes. Each envelope 
contained a white allocation paper, marked as 
“Treatment A”  (n  =  32) or “Treatment B”  (n  =  32) 
and a sheet of single‑sided carbon paper closest to 
the front of the envelope (with the carbon side facing 
the white paper). Finally, we sealed the envelopes 
and signed across the seal. We combined the two 
sets  (64 envelopes) and shuffled them thoroughly. 
Then, we marked a number on the front of each 
envelope sequentially from 1 to 64 and placed them 
into a plastic container in numerical order. An 
investigator  (not involved in sequence generation 
and allocation concealment) assessed participants 
for eligibility and assigned eligible patients to receive 
either HFNC oxygenation  (group  I) or apnoeic 
oxygenation (group II). Participants, health assessors, 
and data analyst were blinded to treatment allocation.

We included male and female subjects (10–40 years 
old) with recent FB aspiration in the last 72 h (based 
on history or presence of a radiopaque shadow in 
their chest radiogram or computed tomography scan) 
who were American Society of Anesthesiologists 
physical status I (ASA PS I) and were scheduled for 
FB removal by a rigid bronchoscope. Scheduled or 
emergency cases were included. The exact position 
and type of FB were not assessed in this trial. 
Patients were randomly assigned into two groups. We 
excluded patients who were critically ill, intubated, 
or weighing <40 kg.

Preoperative investigations were done as per our 
institutional protocol. Complete blood count, 
coagulation profile, and chest radiogram were ordered 
for all patients prior to the planned procedure except 
in an emergency situation. For all patients included in 
this trial, preoperative assessment including complete 
airway evaluation  (mouth opening, Mallampati 
grading, thyromental distance, and evaluation of 
dentition) was performed. Standard fasting guidelines 
were applied except on emergency hypoxic patients. 
An intravenous  (IV) anti‑aspiration prophylaxis 
(0.1  mg/kg of ondansetron) was administered to 
all patients. The risk of airway oedema after the 
procedure was avoided by preoperative administration 
of dexamethasone (0.2 mg/kg, IV), and it was treated 
by adrenaline nebulisation 1:1000 in 3 mL of normal 
saline.[5]

On the patient’s arrival to the operation room, an IV 
line was secured, and an IV dose of atropine (0.01 mg/
kg) was administered. Standard monitoring, including 
non‑invasive blood pressure (BP), electrocardiography 
(ECG), pulse oximetry, and capnography were applied 
for all patients. Capnography was performed in the 
early stages by mask ventilation, but the mask was 
removed at the time of insertion of the bronchoscope.

Anaesthesia was induced using propofol (2–3 mg/kg, 
IV) administered during mask preoxygenation with 
100% oxygen, followed by a non‑depolarising 
muscle relaxant (atracurium, 0.5 mg/kg) and fentanyl 
(0.5 µg/kg).[5]

After the achievement of anaesthesia and full muscle 
relaxation, ventilation was started by the open mask 
technique. Then, the patients were randomised into two 
groups according to the oxygenation technique used. 
In group A (N = 32), an HFNC Vapotherm (Precision 
Flow Plus, Vapotherm®, Exeter, New Hampshire, 
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USA) was used during bronchoscopy time using 
100% humidified oxygen, given at a flow rate of 
50 L/min, and the temperature was adjusted at 38℃.[4] 
In group B (N = 32), the standard apnoeic oxygenation 
technique was applied with 100% humidified oxygen, 
administered at a flow rate of 6 L/min through the side 
port of the bronchoscope during the procedure.[6]

Next, the surgeon inserted the rigid bronchoscope 
through the glottis opening and examined the airway 
searching for the FB. Heart rate, blood pressure, and 
oxygen saturation were recorded every 5 min till the end 
of the procedure. If oxygen saturation dropped below 
92%, the surgeon was informed to stop the procedure 
and to start mask ventilation till the improvement of 
oxygenation, with the capnogram attached to the mask 
to record the end‑tidal carbon dioxide level. The time 
of the procedure ranged from 30 to 60 min.

During the procedure, anaesthesia was maintained 
by IV infusion of propofol  (25–50  µg/kg/min) with 
incremental doses of atracurium (0.1 mg/kg, IV) every 
20 min.[5]

After removal of the FB, the bronchoscope was 
withdrawn, and the HFNC was removed. Then, mask 
ventilation  (with capnogram attached to the mask) 
was started till full recovery from muscle relaxation 
and regaining of consciousness. The patient was 
transferred to the postoperative  (PO) intensive care 
unit  (ICU), and his heart rate, blood pressure, and 
oxygen saturation were recorded. A  chest radiogram 
was obtained 6 h after the procedure to detect basal 
atelectasis, if any.

The primary outcome was maintaining oxygen 
saturation above 92% during the procedure. 
Monitoring oxygen saturation was carried out using a 
pulse oximeter, and the readings were recorded.

Statistical analysis was performed using the Statistical 
Package for the Social Sciences (SPSS) Statistics 
for Windows,version 22.0(International Business 
Machines Corp.,Chicago,USA). For quantitative data, 
the Shapiro–Wilk test for normality was performed. 
For data that followed a normal distribution, values 
were expressed as mean ± standard deviation  (SD). 
Comparisons between two groups were carried out 
using the Independent Samples T‑test. For qualitative 
data, the variables were summarised as frequencies. 
Pearson’s Chi‑square test for independence or Fisher’s 
exact test was used to examine the association 

between two categorical variables as appropriate. 
A  P  value  <0.05 was adopted to interpret the 
significance of statistical tests.

RESULTS

Around 91 subjects undergoing FB removal with 
a rigid bronchoscope were assessed, and 64 met 
eligibility criteria  (all patients were scheduled, and 
there were no emergency cases) and were randomly 
allocated to receive oxygenation through either an 
HFNC (N = 32) or the standard apnoeic oxygenation 
technique (N = 32) [Figure 1].

The two groups were comparable regarding age, 
gender, weight, and bronchospasm at presentation 
with no significant differences (P > 0.05) [Table 1].

The need for post-procedural invasive ventilation was 
non‑significantly less frequent in the HFNC group. 
The attempts number and the procedure duration 
were significantly lower in the HFNC group [Table 2].

We found no significant differences between the 
studied groups regarding the intraoperative  (IO) 
temperature, heart rate, and mean blood pressure. IO 
oxygen saturation was higher in the HFNC group; the 
differences were statistically significant at different 

Table 1: Demographic characteristics among the studied 
groups

Variables HFNC 
group 
(n=32)

Apnoeic 
oxygenation - AO 

group (n=32)

P

Age (years), mean±SD 17.6±4.0 18.5±5.7 0.464
Gender (n, %)

Male 12 (37.5%) 13 (40.6%) 0.798
Female 20 (62.5%) 19 (59.4%)

Weight (kg), mean±SD 64.5±12.5 68.5±13.7 0.226
Bronchospasm (n, %) 13 (40.6%) 15 (46.9%) 0.614
*Significant. SD: Standard deviation

Table 2: Operative findings among the studied groups
Variables HFNC 

group 
(n=32)

AO 
group 
(n=32)

P Effect size

Invasive 
ventilation 
(n, %)

2 (6.3%) 6 (18.8%) 0.26 Relative risk (95% CI)
0.33 (0.07-1.53)

Attempts 
number 
(mean±SD)

5.1±0.9 6.3±1.1 <0.001* Mean±SE (95% CI)
−1.1±0.3 (−1.6 to 0.)

Procedure 
duration (min), 
mean±SD

20.7±6.2 34.5±5.4 <0.001* −1.1±0.3 (−1.6 to 0.)

*Significant; Effect size: value of HFNC relative to AO; CI: confidence interval; 
SE: standard error; SD: Standard deviation
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times except at the baseline and 5 min. The end‑tidal 
carbon dioxide levels measured on induction and 
after termination by 15  min showed no significant 
differences between the two groups. Immediately 
after termination of the procedure, after 5  min, and 
after 10  min, the end‑tidal carbon dioxide levels 
were significantly higher in the group of apnoeic 
oxygenation compared to the HFNC group. As regards 
the assessment of PO atelectasis by chest radiogram in 
the ICU, it was significantly less frequent in the HFNC 
group when compared to the preoperative one. There 
were no emergency cases in our trial [Table 3].

DISCUSSION

In this trial, the primary outcome was maintaining 
oxygen saturation >92% during the procedure. 
Monitoring oxygen saturation was carried out using 
a pulse oximeter, the readings were recorded, and 
the secondary outcome was the incidence of PO 
atelectasis.

Gas exchange is usually impaired during bronchoscopy 
owing to sedation and ventilation–perfusion 
mismatching. Increased airway resistance due to 
the presence of the bronchoscope and gas aspiration 

through it may result in atelectasis.[7] HFNCs have 
recently been introduced for oxygen therapy, but 
they have not been used so far during bronchoscopy 
in paediatrics.[8] Therefore, the current trial aimed to 
assess the safety and efficacy of oxygenation using an 
HFNC in patients undergoing rigid bronchoscopy.

Usage of HFNC seems to improve alveolar recruitment, 
increase functional residual capacity, and increase 
intrathoracic pressure mostly because of positive 
end‑expiratory pressure  (PEEP) added by the HFNC. 
The definitive level of the provided PEEP by high‑flow 
devices is still debatable, best estimates are 1 cm H2O 
of PEEP for every 10  L/min of flow delivered with 
closed mouth breathing. This may vary from one 
patient to another as there are many factors that can 
affect the PEEP level delivered, such as the patient’s 
size and age.[9]

The heated, humidified high‑flow oxygen delivered by 
the HFNC helps secretion clearance, decreases airway 
inflammation, and decreases energy requirement, 
especially in acute respiratory failure. Delivering 
high‑flow oxygen improves the work of breathing and 
matches the high peak inspiratory flow demands in 
patients with respiratory illness.[10,11]

Figure 1: The trial flow diagram
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In this trial, we included males and females with a 
wide age range between 10 and 40 years to make the 
results significant, and we then compared HFNC with 
the standard apnoeic oxygenation during FB removal 
using a rigid bronchoscope. The results showed that 
oxygen saturation was higher in the HFNC group that 
helped reduce the number of bronchoscopy attempts 
and the total procedure duration. The end‑tidal carbon 
dioxide levels recorded at the time of mask ventilation 
at the end of the procedure were significantly low in 
the HFNC group compared to the apnoeic group.

Our results came in accordance with a previous study, 
which suggested that HFNC oxygen therapy might be 
better in lowering the occurrence of severe hypoxaemia.[12] 
Lucangelo et al.[1] compared the delivery of 50% oxygen 
before and during bronchoscopy using either a HFNC (40 
or 60 L/min) or a Venturi mask in patients undergoing 
bronchoscopy. Patients who received 60 L/min via the 
HFNC maintained higher PaO2 values, higher arterial–
alveolar oxygen tensions, and higher PaO2/FiO2 ratios 
both during and after the procedure.

An earlier randomised trial conducted on patients 
with hypoxaemia undergoing flexible fiberoptic 
bronchoscopy for diagnosis of pulmonary lesions 
reported HFNC as a well‑tolerated, effective technique 
for oxygen delivery in those patients. Oxygen was 
delivered during the procedure through a nasal 
cannula with an inspiratory flow rate of 40 L/min, and 
the FiO2 was kept at 0.6 throughout and 30 min after 
the procedure.[4]

Min and colleagues applied preoxygenation with HFNC for 
3 min before and during induction of general anaesthesia 
for rigid bronchoscopy. The flow of oxygen was set at 50 L/
min, and the FiO2 was kept at 100%. The investigators 
reported HFNC as a better tool for oxygenating patients 
during rigid bronchoscopy compared to the conventional 
method of preoxygenation.[13]

Vourc’h et al.[14] enroled adult patients with respiratory 
failure requiring intubation and divided them to 
receive either HFNC oxygen (100% FiO2, 60 L/min) or 
15 L/min oxygen delivered by a face mask. Contrary 

Table 3: Postoperative findings among the studied groups
Variables Time HFNC group (n=32) AO group (n=32) P Effect size Mean±SE (95% CI)
Intraoperative

Temperature (℃) Baseline 37.2±0.1 37.2±0.2 0.71 0.0±0.0 (−0.1 to 0.1)
Minute‑5 37.1±0.1 37.2±0.2 0.33 0.0±0.0 (−0.1 to 0.0)
Minute‑10 37.1±0.1 37.2±0.2 0.2 −0.1±0.0 (−0.1 to 0.0)
Minute‑15 37.1±0.1 37.1±0.2 0.21 −0.1±0.0 (−0.1 to 0.0)
Termination 37.1±0.1 37.0±0.2 0.37 0.1±0.0 (0.0-0.1)

Heart rate (beats/min) Baseline 93.2±2.9 92.9±2.8 0.73 0.3±0.7 (−1.2 to 1.7)
Minute‑5 101.2±3.4 101.1±3.0 0.94 0.1±0.8 (−1.5 to 1.6)
Minute‑10 99.2±3.1 99.1±3.0 0.9 0.1±0.8 (−1.4 to 1.6)
Minute‑15 97.2±3.3 96.9±3.1 0.76 0.3±0.8 (−1.3 to 1.8)
Termination 94.7±3.3 93.9±3.0 0.33 0.8±0.8 (−0.8 to 2.4)

Mean blood 
pressure (mmHg)

Baseline 86.1±4.9 86.5±4.8 0.74 −0.4±1.2 (−2.8 to 2.0)
Minute‑5 93.0±5.0 93.6±4.9 0.67 −0.5±1.2 (−3.0 to 1.9)
Minute‑10 91.2±4.8 91.5±5.0 0.8 −0.3±1.2 (−2.8 to 2.1)
Minute‑15 89.4±4.8 89.6±4.8 0.86 −0.2±1.2 (−2.6 to 2.2)
Termination 88.5±5.0 88.6±4.9 0.9 −0.2±1.2 (−2.6 to 2.3)

Oxygen saturation (%) Baseline 97.9±0.8 97.9±0.8 0.74 0.1±0.2 (−0.3 to 0.4)
Minute‑5 97.4±0.8 97.0±0.9 0.08 0.4±0.2 (0.0-0.8)
Minute‑10 96.6±0.9 95.1±1.2 <0.001* 1.5±0.3 (0.9-2.0)
Minute‑15 96.1±1.1 94.6±1.1 <0.001* 1.5±0.3 (1.0-2.0)
Termination 95.4±1.2 92.0±0.8 <0.001* 3.5±0.3 (3.0-4.0)

Intraoperative (IO) and 
postoperative (PO)

End‑tidal carbon 
dioxide (mmHg)

Baseline (IO) 33.0±1.1 33.3±1.0 0.34 −0.3±0.3 (−0.8 to 0.3)
Termination (IO) 51.8±1.7 55.2±2.7 <0.001* −3.4±0.6 (−4.5 to 2.)
Minute‑5 (PO) 43.0±1.6 45.9±2.4 <0.001* −3.0±0.5 (−4.0 to 2.)
Minute‑10 (PO) 39.1±1.5 40.2±1.5 0.003* −1.2±0.4 (−1.9 to 0.)
Minute‑15 (PO) 35.9±1.5 36.4±0.7 0.06 −0.6±0.3 (−1.1 to 0.0)

Atelectasis, (n, %) 1 (3.1%) 8 (25.0%) 0.03* Relative risk (95% CI)
0.13 (0.02-0.09)

SE: Standard error; CI: Confidence interval
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to our results, the authors concluded that using the 
HFNC without discontinuation during an apnoeic 
period was not effective in preventing desaturation 
regardless of the severity of respiratory distress.

A more recent study compared HFNC to standard 
oxygen therapy in immunocompromised patients 
with acute respiratory failure. The results showed 
no difference between the two groups regarding the 
28‑day mortality. Despite improvement in PaO2/FiO2 
ratio, HFNC failed to show a better outcome as regards 
the percentage of intubation, length of ICU stay, rate 
of infection, patient comfort, or dyspnoea scores.[15]

The current trial found that PO atelectasis assessed 
by chest radiogram was less frequent in the HFNC 
group, which came in accordance with previous 
studies assessing PO hypoxia and basal atelectasis 
in patients who had HFNC oxygenation with some 
favourable results. Stephan and colleagues found 
that the use of HFNC in patients with hypoxaemia 
following cardiac surgery was effective in decreasing 
the incidence of basal atelectasis and the need for 
reintubation.[16]

Serial arterial blood gases analysis would have shown 
a great value in comparing PaO2 and partial pressure of 
carbon dioxide  (PaCO2) between the two groups, but 
we did not use this tool as it is not used in the protocol 
of our institute.

CONCLUSION

In conclusion, HFNC was superior to apnoeic 
oxygenation in achieving oxygen saturation above 
92% in patients undergoing rigid bronchoscopy 
for FB removal. Compared to the standard apnoeic 
oxygenation, the use of HFNC provided higher oxygen 
saturation and lower end‑tidal carbon dioxide levels. 
Also, it provided a lesser interruption of the procedure 
and fewer attempts at bronchoscopy trials.
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INTRODUCTION

Endotracheal intubation is considered the gold 
standard in definitive airway management.[1] Adding 
a video camera to the laryngoscope has been a 
substantial upgrade that improves the intubation 
success rate. McGrath MAC® laryngoscope is 
one of the most widely used commercial video 
laryngoscopes (VLs).[2]

Evidence shows that a video laryngoscope improves 
the visualisation of the larynx, making intubation 
easier.[3,4] However, several studies have shown that 
intubation time with McGrath MAC® is the same or 
even longer than conventional Macintosh blade.[5‑7] 
Inserting the endotracheal (ET) tube through the vocal 
cords is more difficult despite good visualisation.[2,5,6] 

McGrath’s blades are also less effective than the wider 
sized Macintosh blades to displace the tongue and 
expand the visualisation area of the larynx.[5] The cost 
of the device also becomes an additional limitation, 
especially in developing countries.[8] Alternatively, 
this study modified a classic Macintosh laryngoscope 
by attaching a flexible fibreoptic video scope to its 
blade.
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Background and Aims: Video laryngoscopy highly improves the success rate for endotracheal 
intubation. However, commercially available video laryngoscopes such as McGrath MAC® can be 
costly. An economical video laryngoscope was assembled by attaching a fibreoptic videoscope into 
a Macintosh laryngoscope. This randomised study aimed to compare the intubation time of this 
self‑assembled modified Macintosh video laryngoscope (SAM‑VL) and McGrath MAC® (McGrath).
Methods: This study enroled 62 adults scheduled for elective surgery under general anaesthesia 
with endotracheal intubation. The primary outcome was total intubation time. Secondary outcomes 
were the time for glottic visualisation (time A), time for tube insertion after glottic visualisation 
(time B), first‑attempt intubation success rate, degree of glottic visualisation, and need for backward, 
upward, rightward pressure (BURP) assistance, complications, and user satisfaction. The tests 
used were: Kolmogorov‑Smirnov and the Mann‑Whitney test to analyse the data’s distribution and 
the primary outcome, respectively. Results: The median total intubation time in the SAM‑VL group 
versus the McGrath was 63 s (27–114s) versus 74 s (40–133s), respectively (P = 0.032). Intubation 
time B was significantly faster, while the score of glottic visualisation and BURP assistance was 
significantly higher in the SAM‑VL group. The differences in the rate of successful first attempts 
and complications were not statistically significant. SAM‑VL users rated the ease of blade insertion 
and manoeuvrability, degree of glottic visualisation, and overall rating as very high. Conclusion: 
Endotracheal intubation using self‑assembled modified video laryngoscope is faster and allows 
better glottis visualisation than McGrath MAC®.
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This study aimed to compare the intubation time of 
a self‑assembled modified Macintosh VL  (SAM‑VL) 
and McGrath MAC®. The primary objective of this 
study was to compare intubation time. Secondary 
variables were the time for glottic visualisation (time 
A), tube insertion after glottic visualisation  (time B), 
first‑attempt intubation success rate, degree of glottic 
visualisation, complications related to intubation, and 
user satisfaction.

METHODS

This study was an experimental single‑blinded 
randomised clinical trial cleared for ethics by 
Universitas Indonesia Ethical Board Committee (KET‑ 
432/UN2.F1/ETIK/PPM.00.02/2020) and registered at 
ClinicalTrials.gov (NCT04850976). The study followed 
the principles of the Declaration of Helsinki. Sixty‑two 
adult patients aged 18‑65  years old, with American 
Society of Anesthesiologists (ASA) physical status I – 
II and body mass index of 18-30 kg/m2 scheduled for 
elective surgery under general anaesthesia from June 
to August 2020 were enroled. All subjects provided 
written consent. The study excluded possible 
difficult airways, pregnancy, cardiac conditions, and 
neuromuscular diseases.

The attachment of a portable video camera with a Wi‑fi 
connection  (Wi‑fi Endoscope Video Camera model 
YPC99, Guangdong, China) to a size 4 Macintosh 
blade (Riester no. 7040) was the base for self‑assembled 
modified Macintosh VL (SAM‑VL) [Figure 1a‑e]. The 

video signal was transmitted to an Android‑based 
mobile phone using the Y‑camera app  (Google Play 
store). The portable two megapixels video scope 
has an 8 mm camera diameter with eight adjustable 
light‑emitting diode  (LED) lights and a 3‑m‑long 
cable. Video resolution output was 640 × 480 pixels 
(Video Graphics Array) and 1280  ×  720 pixels 
(High Definition). The water‑resistant camera had a 
70° visual angle and a focal length of 4–6  cm. The 
camera was taped at 5  cm from the distal end of 
the Macintosh blade using transparent waterproof 
Leukofix® tape. After installation, the camera was 
oriented on a flat plane to set the desired image. 
The total cost for this camera device assembly was 
Indonesian Rupiah IDR 260.000 (roughly US dollars 
20 or Indian Rupee INR 1320), excluding the Android 
smartphone. After intubation, the camera was 
detached from the laryngoscope. The camera tip was 
flushed with running water and washed with soap 
for at least two minutes, using a soft bristle brush to 
remove soiling if necessary. After drying, the camera 
was wiped with a 70% alcohol swab before the 
following procedure.

The group label was assigned using table randomisation 
within a sealed envelope. The groups were divided into 
the self‑assembled modified Macintosh VL (SAM‑VL) 
group or the McGrath MAC ® VL  (McGrath) group. 
The person performing the intubation or the airway 
operator was a first‑year anaesthesiology resident 
who had a minimum of six months of basic airway 
management training using a Macintosh laryngoscope. 

Figure 1: Self-made video laryngoscope used in this study. (a-d) Lateral and top view of the laryngoscope. (e) Portable video camera with a 
Wi-fi connection (Wi-fi Endoscope Video Camera model YPC99). (f and g) Comparison of the curve and angle of the scope (f) and McGrath 
MAC® Laryngoscope (g)
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The airway operator was the one who opened the 
envelope. A  research assistant prepared the device 
according to the randomisation results. The subjects 
were blinded throughout the intervention as they were 
anaesthetised.

Anaesthesia monitoring was conducted following the 
ASA standards and included an electrocardiogram, 
non‑invasive blood pressure, pulse oximeter, end‑tidal 
carbon dioxide, and temperature.

Intravenous  (IV) induction of anaesthesia was done 
with fentanyl 2 µg/kg, propofol 2 mg/kg and rocuronium 
0.6 mg/kg. Afterwards, to maintain oxygenation before 
intubation, positive pressure mask ventilation was 
done using 80% oxygen for 3 minutes until the time for 
the full onset of the muscle relaxant was reached. An 
inspiratory oxygen fraction of 80% was maintained as 
part of the strategy to reduce the risk of postoperative 
atelectasis.[9] Haemodynamic status  (systolic and 
diastolic blood pressure, mean arterial pressure, pulse, 
and peripheral oxygen saturation) was recorded at three 
periods: pre‑induction, 3 minutes after induction, and 
after tracheal intubation was confirmed.

The recording of total intubation time was divided 
into two; time A and time B based on the following 
checkpoints. Time A began when the blade’s tip 
passed through the incisors and ended when the 
airway operator achieved the best glottic visualisation. 
Time B began after glottis visualisation and ended after 
capnograph confirmation. One assistant was present to 
help inflate the ET tube’s cuff and connect the circuit 
simultaneously, to reduce undue delays in the time 
measurement. Another assistant facilitated intubation 
by shaping the ET tube with stylet and giving 
backwards, upward, rightward pressure  (BURP) if 
needed. Every BURP assistance was noted. Successful 
intubation was confirmed by capnography.

According to randomisation, subjects underwent 
laryngoscopy and intubation with McGrath MAC® 
or SAM‑VL. During visualisation of the glottis, the 
airway operator mentioned the Percentage of Glottic 
Opening  (POGO) score visualised, with the scale 
ranging from 0–100%. Photos and videos from the 
SAM‑VL were recorded directly from the device. Since 
McGrath MAC® does not allow recording, the images 
were recorded using a smartphone video camera.

One failed attempt at intubation was defined when the 
VL blade had to be removed entirely from the mouth 

and then reinserted before endotracheal intubation. 
Three unsuccessful intubation attempts mandated 
that the subject not be analysed.

The complications during intubation were defined 
as follows: hypertension (systolic >140  mmHg 
and/or diastolic >90 mmHg), hypotension 
(systolic <90 mmHg and/or diastolic <60  mmHg), 
bradycardia (heart rate <60 beats per minute), 
tachycardia (heart rate >100 beats per minute), 
mucosal laceration, and oesophageal intubation. 
Complications during intubation such as unstable 
haemodynamics  (hypotension and bradycardia) 
and decreased peripheral oxygen saturation (SpO2) 
≤90% concurrent with intubation time exceeding 
120  seconds would drop the subject out. The 120 
seconds time-limit set was less than the average 
time for SpO2 to decrease to 90% during the apnoea 
following oxygenation with 80% oxygen during 
induction.[10] The attending anaesthesiologist would 
manage the complications accordingly. Management 
of hypotension and bradycardia were by giving 
IV fluid boluses  (10  ml/kg body weight of Ringer’s 
lactate), vasopressors  (ephedrine 5‑10 mg IV bolus), 
and atropine  (0.5  mg IV) if necessary. Desaturation 
was managed by stopping intubation and giving 
positive pressure ventilation by mask or appropriate 
airway device. If the re‑intubation was unsuccessful 
even after three attempts or if the vitals continued 
to deteriorate after management, the intubation 
technique would be changed. The subject was not 
included in the analysis as no intubation time data 
was collected [Figure 2].

This study also included a survey of airway operator 
experience, and the responses were recorded on the 
Likert scale. The items in the questionnaire were ease 
in blade insertion, device manoeuvrability, glottic 
visualisation, and overall satisfaction.

The sample sizes were calculated using numerical 
hypothesis testing formula for two independent 
populations, with 5% significance and 80% power. 
The set of expected effect sizes was at four seconds, 
and the common standard deviation was derived 
from a previous study, which had 25 subjects per 
group.[8]

After calculation of the sample sizes, an additional 
10% were added to compensate for dropouts, and the 
final numbers were 31 subjects for each group. All 
numerical data were analysed for normal distribution 
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using the Kolmogorov‑Smirnov test. The primary 
outcome was analysed using the Mann‑Whitney test. 
The degree of glottic visualisation data was analysed 
for normality using the Kolmogorov‑Smirnov test. 
Categoric data for BURP assistance, complications 
related to intubation and the first‑attempt intubation 
success rate were analysed using Fisher or Chi‑square 
test. The results were considered significant if the 
P value was <0.05. Statistical analysis was facilitated 
by the Statistical Package for Social Sciences software 
version 24.0.

RESULTS

The study recruited 62 eligible subjects without 
any exclusion and divided them equally into two 
groups  (SAM‑VL and McGrath). All the subjects 
were analysed, and there were no recorded dropouts 
throughout the study. The demographic variables and 
ASA status were comparable in both groups [Table 1].

The median total intubation time in the SAM‑VL 
group versus the McGrath was 63 s (27–114s) versus 

Figure 2: The study framework. BW: Body weight; SAM-VL: Self-assembled Video laryngoscope; POGO: Percentage of Glottic Opening; 
BURP: Backward, upward, rightward pressure; ETCO2: End-tidal carbon dioxide; ET tube: Endotracheal tube
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74 s  (40–133s), respectively  (P‑value = 0.032). 
Median intubation time B was 39 s  (20–101s) in the 
SAM‑VL group and 50s  (27–102s) in group McGrath 
MAC (P‑value = 0.003) [Table 2]. Total intubation time 
and time B were significantly lower in the SAM‑VL 
group, while there was no significant difference in 
time A from both groups.

There was no difference in the successful intubation 
attempt rate between the two groups  (P  =  1.000). 

The degree of glottic visualisation represented by the 
POGO score [Figure 3] was significantly better in the 
SAM‑VL group (P‑value = 0.018). The BURP assistance 
was significantly higher in the SAM‑VL group (96.7% 
VS 67.8%, P value = 0.003). There was no significant 
difference in complications between both groups 
[Table 2].

Most operators agreed that blade insertion was either 
easy or very easy  (83.8% in SAM‑VL and 80.7% in 
McGrath) [Table 3]. In terms of manoeuvrability, 87.1% 
of operators stated that the SAM‑VL was easy or very 
easy to use, compared to 64.5% in the McGrath group. 
The rate for glottic visualisation was either good or 
very good for 93.6% of SAM‑VL operators, compared 
to 9.7% using McGrath. About 64.5% of McGrath users 
in the current study rated the visualisation as poor. 
Overall, 90.3% of operators rated the general rating of 
the SAM‑VL as good and very good.

DISCUSSION

Successful intubation requires adequate glottic 
visualisation and subsequent smooth insertion of the 
ET tube.[10,11] The current study showed significantly 
faster total intubation time using the SAM‑VL than 
McGrath MAC® laryngoscope. To our knowledge, 
there is no prior study that directly compared the 
intubation times between the two. However, some 
studies have found that self‑assembled VLs allowed 
shorter total intubation time in simulation and 
real‑life scenarios.[8,12] The combination of a wide 
lens from the video camera and the familiarity of 

Table 1: Characteristics of subjects
Characteristics SAM‑VL (n=31) McGrath MAC® (n=31)
Age (years)* 35.10±13.25 41.03±14.34
Gender**

Male 11 (35.5) 16 (51.6)
Women 20 (64.5) 15 (48.4)

Body Weight (kg)*** 55 (36–80) 58 (47–90)
Height (cm)* 160.39±6.95 160.52±7.97
Body mass index (kg/m2)* 21.91±2.85 23.38±3.29
ASA**

I 3 (9.7) 5 (16.1)
II 28 (90.3) 26 (83.9)

*data described in mean value±standard deviations. **data described in 
frequency (percentage). ***data described in median (maximum value‑minimum 
value). ASA – American Society of Anesthesiologists

Table 2: Comparison between SAM‑VL and McGrath MAC®: 
intubation time, attempt rate, glottic visualisation, and 

complications
 SAM‑VL 

(n=31)
McGrath 

MAC® (n=31) 
P

Intubation time (seconds)*

Total intubation time (A + B) 63 (27‑114) 74 (40‑133) 0.032†

Intubation Time A 18 (6‑65) 21 (10‑70) 0.652†

Intubation Time B 39 (20‑101) 50 (27‑102) 0.003†

Successful first attempt**

Yes 28 (90.3) 27 (87.1) 1,000††

No 3 (9.7) 4 (12.9)
Glottic visualisation**

POGO score 100  21 (67.7) 10 (32.3) 0.018†††

POGO score 75 9 (29.0) 20 (64.5)
POGO score 50 1 (3.2) 1 (3.2)
POGO score 25 0 (0,0) 0 (0,0)
POGO score 0 0 (0,0) 0 (0,0)

BURP**

Yes 30 (96.7) 21 (67.8) 0.003††

No 1 (3.3) 10 (32.2)
Complications**

Hypertension  0 (0.0) 1 (3.2) 0.500††

Hypotension  0 (0.0) 0 (0.0) ‑
Tachycardia  4 (12.9) 9 (29.0) 0.106††††

Bradycardia  0 (0.0) 0 (0.0) ‑
Mucosal laceration  3 (9.7) 1 (3.2) 0.306††

Oesophageal intubation  0 (0.0) 0 (0.0)
*Data presented in median (min‑max value). **Data presented in 
frequency (percentage). Statistical analysis: †Mann‑Whitney, ††Fisher, 
†††Kolmogorov‑Smirnov, ††††Chi‑square. BURP‑ Backward, upward, rightward 
pressure. POGO‑ percentage of glottic opening

Figure 3: Video laryngoscopy images of the percentage of glottic 
opening (POGO) scores of 100, 75, and 50. (a-c) were obtained from 
the SAM-VL group, while (d-f) was obtained from the McGrath MAC® 
group
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Macintosh laryngoscope facilitate favourable hand‑eye 
coordination during intubation.

In direct Macintosh laryngoscopy, the glottic 
view is best when the airway operator aligns the 
oral‑pharyngeal‑laryngeal axes, which sometimes 
require lifting or external pressure.[7] In Macintosh‑based 
VLs, this view is achieved both directly and indirectly via 
the monitor. In McGrath MAC®, blade curvature is more 
acutely angled. This is beneficial as it reduced the need 
for optimal external laryngeal manipulation  (OELM) 
in the form of a BURP manoeuvre. McGrath VL is also 
known to require less OELM in children and for the 
insertion of a double‑lumen tube.[13,14] However, this 
curvature might allow visual and cognitive blind spots 
that result in difficult intra‑oral manipulation of the 
endotracheal tube [Figure 1f and g].[7] The stylet needed 
to be more acutely angled than the traditional 35° 
“hockey stick” angle to insert the ET tube.[15] Therefore, 
a longer time was needed to pull the stylet out, thus 
prolonging time B in the McGrath MAC® group. 
Unfortunately, the specific curving of the stylet used in 
this study was not recorded.

POGO score with the SAM‑VL, was 100% in this study. 
This finding was better compared to other previous 
studies.[8,15] Better video camera resolution and bigger 
screen size of the SAM‑VL may have attributed to 
this finding. Previously, the image quality of McGrath 
MAC® was inferior to Pentax AirwayScope.[15] 

Furthermore, the image quality in McGrath MAC® 
is proportionally dependent on battery capacity. Its 
vertically‑positioned monitor resulted in suboptimal 
surveillance of the surrounding tissue. Lastly, the 
images produced were not of high quality [Figure 3d‑f], 
as reported by Cierniak et al.[16]

Video laryngoscopy is generally associated 
with a less physical manipulation and, hence, 
milder haemodynamic perturbation than direct 
laryngoscopy in the normal airways or patients with 
hypertension.[3,17] Nonetheless, the current study 
showed that both groups experienced non‑significant 
tachycardia. The success rate of the SAM‑VL group 
was slightly higher than a reference study  (93% 
versus 88%).[8] In a study, McGrath MAC® showed 
a higher successful first attempt intubation attempt 
rate  (100%) and faster median intubation time.[15] 
However, this study recruited airway operators with 
extensive clinical experience. In the current study, 
the airway operators were novices and hence can 
truly represent device easiness. They were included 
to reduce operator proficiency bias and to reduce 
bias from the unfamiliarity with McGrath MAC®. 
Studies have shown that experience in using one 
device might affect the proficiency of using another 
device.[7,18,19]

The mucosal laceration was relatively higher in SAM 
VL, and the metallic blade of SAM‑VL’s blade and 
multiple intubation attempts were likely to be the 
reasons. Although attaching a non‑medical grade 
device in the SAM‑VL raises concerns about the 
potential mucosal burns due to the device’s heat, 
they did not occur in the patients. The device was 
powered on only during intubation attempts, and its 
temperature during the operation was measured at 
33.5°C on an industrial‑grade infrared thermometer 
reading (Benetech® GM‑320).

Better familiarity with Macintosh blades was attributed 
to better user satisfaction scores in the SAM‑VL group. 
McGrath MAC® blades were slightly different from 
the classic ones, and hence, manoeuvring may require 
some adjustments. Another study with a clip‑on camera 
SAM‑VL also showed better user experience in ease of 
usage.[12] These findings suggest that adequate training 
is needed to achieve familiarity and skill in operating a 
VL with different blade anatomy such as McGrath. The 
bigger and better screen also contributed to better user 
satisfaction, as The C‑MAC  (Karl Storz, Tuttlingen, 
Germany) with a bigger screen was more user friendly 

Table 3: Airway operator experience survey
SAM‑VL 

n=31, n (%)
McGrath MAC® 

n=31, n (%)
Blade insertion

Very easy 13 (41.9) 3 (9.7)
Easy 13 (41.9) 22 (71.0)
Reasonable 4 (12.9) 6 (19.4)
Difficult 1 (3,2) 0 (0,0)

Device manoeuvrability
Very easy 7 (22.6) 0 (0,0)
Easy 20 (64.5) 20 (64.5)
Reasonable 3 (9.7) 10 (32.3)
Difficult 1 (3,2) 1 (3,2)

Glottic visualisation
Very good 16 (51.6) 0 (0,0)
Good 13 (41.9) 3 (9.7)
Enough 2 (6.5) 8 (25.8)
Poor 0 (0,0) 20 (64.5)

Overall satisfaction rating
Very good 12 (38.7) 0 (0,0)
Good 16 (51.6) 10 (32.3)
Enough 3 (9.7) 20 (64.5)
Poor 0 (0,0) 1 (3,2)

All data expressed in frequency (percentage)
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than King Vision laryngoscope (KVL)  (King Systems, 
Noblesville, IN, USA).[20]

This study highlights that VL does not necessarily 
translate into high costs. The cost of the SAM‑VL 
assembly is roughly 20 USD, excluding the camera 
phone and laryngoscope. This modification is ideal for 
low and middle‑income countries where healthcare 
budgeting is an issue.[21]

This study has several limitations. Train‑of‑four was 
not measured to control the depth of muscle relaxation 
before intubation. The study was conducted during the 
coronavirus disease (COVID)-19 pandemic, and the use 
of full personal protective equipment may influence 
intubation proficiency. During sampling, the aerosol 
box was not yet part of the protection devices during 
the intubation process. However, employing this 
device does not significantly interfere with the overall 
intubation process.[22]

CONCLUSION

Self‑assembled Macintosh VL showed many advantages 
such as faster intubation time, more successful first 
attempts, better glottic visualisation, and higher 
operator satisfaction scores than McGrath VL. Its 
portability and affordability can make it a suitable 
alternative for low resource settings. Further studies 
are needed to compare its use with other commercial 
VLs and to study its benefits for difficult airways.
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INTRODUCTION

Cardiopulmonary resuscitation  (CPR) is a necessary 
life‑saving skill for all medical personnel including 
the undergraduate students. Various guidelines for 
CPR are being followed all over the world. Only 
few studies have been conducted in India and they 
have reported that the overall knowledge of CPR in 
healthcare professionals is very poor.[1,2] Survival 
outcome is directly associated with the quality of 
CPR, and varying degrees of skills are acquired after 
standard training in the classes. First responders, 
especially medical professionals, must be sufficiently 
prepared to save lives even in out‑of‑hospital cardiac 
arrest. The undergraduate students are exposed to CPR 

through didactic lectures once or twice during their 
term. No formal training in CPR is given to medical 
undergraduate students. A  new undergraduate 
curriculum has been implemented from the year 
2019. Apart from the academics, the curriculum 
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imparts communication skills, computer skills, first 
aid and basic life support (BLS) training, etc., through 
a foundation course of 1 month duration soon after the 
students’ entry into the college.[3]

Indian guidelines of CPR have been published 
in 2017.[4,5] Indian Resuscitation Council  (IRC) 
recommends teaching basic cardiac life support (BCLS) 
guidelines to medical personnel and undergraduate 
medical students in the form of a stepwise approach 
in the case of outside‑hospital cardiac arrest. 
A  few researchers including those in India have 
studied the effect of CPR training on school‑going 
and undergraduate students.[6] Studies on various 
components and aspects of the newly implemented 
competency based medical education  (CBME) 
curriculum are going on. Foundation course forms 
a part of this curriculum and the anaesthesiologist 
plays an important role in the teaching of BLS in this 
course. This quasi‑experimental study was conducted 
to assess the effect of BCLS training during foundation 
course on the knowledge, confidence and skills of 
first‑year medical undergraduate students.

METHODS

This quasi‑experimental study was conducted at a 
tertiary care teaching hospital after Institutional Human 
Ethics Committee approval (IHEC: 255/2019, approved 
on 10/08/2019). This study was registered with Clinical 
Trial Registry of India (CTRI/2019/10/021702). Written 
and informed consent from the participants was 
taken. If the students were <18 years of age, consent 
was obtained from their parent or guardian. The data 
collected were kept confidential.

The study was conducted during the BCLS training 
session (which forms a part of the foundation course) 
for the newly joined first MBBS students, at a tertiary 
care teaching hospital and medical college, between 
October and November 2019. All students who 
attended the course were invited to participate in the 
study. The students who refused to participate were 
excluded.

There was a common lecture for all 182 students. First 
aid was also taught to the students as a part of the 
course. A 1 hour didactic lecture was delivered on first 
aid followed by another 1 hour lecture on BCLS by a 
trained anaesthesiologist who is a trainer for Indian 
CPR guidelines. The lecture was followed by training 
in small groups over a period of 4 days, by consultants 

from different specialities like Anaesthesia, Physiology, 
Medicine, Surgery and Orthopaedics. The trainers 
from the department of anaesthesia conducted BCLS 
training based on Indian guidelines. Each day, 45–46 
students were trained. Nearly 3  h group‑training of 
first aid and 4 h group‑training of BCLS were imparted 
in different skill stations [Table 1].

The first aid training included palpating the carotid pulse, 
taking blood pressure, applying splints and bandages 
on simulated patients. There was group discussion and 
video demonstration on some emergency scenarios like 
burns, electric shock and myocardial infarction.

BCLS training was conducted in three skill stations. 
The first station was meant to impart skills of airway 
and breathing through airway simulator  (Economy 
adult airway simulator by 3B scientific). This station 
covered airway manoeuvres, mouth‑to‑mouth 
breathing, and bag and mask ventilation. Second 
station was for the practice of chest compressions on 
a manikin (Basic Billy CPR simulator by 3B scientific). 
In the third station, pairs of students performed 
full sequence CPR. One of the students performed 
compressions and the other one provided breathing, 
for the first cycle and they switched their roles in 
the next cycle. The students to manikin ratio was 
kept less than 15:1 at each station. Hands‑on practice 
was provided to each student and the students were 
provided additional time at the stations, if they 
wanted more practice.

After rotation for three skill stations by the students, 
CPR skills were assessed on a skill reporting 

Table 1: Training schedule for first aid and BCLS
Topic Time 

duration
First aid

Station one Checking pulse and respiration 30 min
Station two Identify fracture and apply slings/

bandages
30 min

Station three 
and four

Group discussion of ten emergency 
medical situations

1 h

Questions and doubt discussion, 
feedback

30 min

BCLS (on 
manikins)

Briefing 15 min
Station one Practice breathing on airway simulator 30 min
Station two Practice chest compressions 30 min
Station three Practice full sequence CPR 45 min
Station four Assessment on skill reporting manikin 

after finishing above three stations
1.5 hours

Feedback and discussion 30 min
BCLS: Basic cardiac life support; CPR: Cardiopulmonary resuscitation
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manikin  (CPRLillyPro by 3B scientific). This 
manikin is specially designed to assess skills of CPR. 
The parameters assessed were chest compression 
rate  (/min), location of hands  (correct location in 
percentage of time) and depth of compressions (correct 
depth in percentage of time). Data of each participant 
was recorded electronically in real time through the 
smart tablet connected with the manikin.

The students were asked to answer a questionnaire 
before the lecture and after the completion of skill 
assessment. The questionnaire was designed after a 
literature review. It was validated by an independent 
subject expert who was not a part of the study. Pilot 
testing of the questionnaire was conducted on five 
second‑year medical students and the questions were 
modified accordingly [Annexure 1].

The first part of the questionnaire had information 
regarding the students’ prior knowledge of CPR or 
BCLS. The second part consisted of multiple‑choice 
questions on steps of BCLS, rate, depth and location 
of hands for chest compression, ratio of compression 
to breathing, etc., and one open ended question on 
full form of Automated External Defibrillator  (AED). 
The third part included four Likert‑type questions on 
self‑reported confidence by the students. Students 
were asked to self‑report their confidence on a scale 
of 1–4 (1 = not confident, 4 = very confident).[7] These 
questions were regarding their confidence on the 
knowledge of BCLS, their skills for chest compression 
and confidence of performing BCLS in a simulated 
scenario.

The primary outcome was to assess the difference in 
the level of self‑confidence of the students regarding 
CPR. The secondary outcome was to assess the 
difference in the knowledge and the level of skills of 
chest compression after the BCLS training.

Data were entered in Microsoft excel worksheet and 
was analysed using Graph Pad Prism version  7.0. 
Descriptive data were presented as mean, median 
and percentage as appropriate. The difference in 
knowledge and confidence was assessed using paired 
t test. P  value  <0.05 was considered as statistically 
significant.

RESULTS

A total of 199 first‑year undergraduate medical 
students were enroled in the foundation course. 

Among them, 182 students attended the course (mean 
age 18.6  ±  0.5  years, 54% males, 46% females). 17 
students were absent and 1 student was excluded 
because of incomplete questionnaire. A  total of 181 
students were included in the analysis.

About 95.03% of students had heard about the term 
CPR. About 75.69% of students had learnt it from 
school, movies and electronic media, 12.71% knew 
about it from newspaper and friends, and 11.60% 
had heard about it from more than one source. Only 
17.13% of students had received any prior training in 
BCLS [Figure 1].

Mean pre‑test and post‑test scores among the 
participants were 1.46 and 8.27, respectively 
(out of 9). The difference was statistically significant 
(P value  <0.001, paired t test), suggesting that the 
training significantly improved the knowledge of 
the students regarding CPR  [Figure 2]. The students’ 
correct response for each question was significantly 
better after the training [Figure 3].

The students were asked to self‑report their pre‑ and 
post‑training confidence regarding the knowledge and 
the skills related to the performance of CPR [Table 2]. 
There was a statistically significant improvement 
in their confidence level  (P  <  0.001). The student’s 
feedback on the training programme was also taken. 
As per the feedback, 93.92% found the lecture very 
useful. Hands‑on practice session was found very 
useful by 92.82% of the students. Feedback showed 
that assessment was found to be very useful by 
92.27% of the students. Many students opined to have 
more time for hands‑on practice. In skills assessment, 

24.31%

6.63%

6.08%

28.73%

22.65%

11.60%

Movie News papers Friends and relatives

School Electronic and social media More than one sourse

Figure 1: Sources of knowledge about CPR among students prior to 
the training
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the average rate of compression by the students was 
128.52/min. A  total of 78.36% of the students could 
place their hands at the proper location. About 
60% of the students could achieve proper depth of 
compression on the skill assessment manikin.

DISCUSSION

The recently introduced foundation course 
includes training of first aid and BCLS for first‑year 
undergraduate students, as early introduction of CPR 
and BCLS is important. This study was conducted 
during the foundation course to assess the effectiveness 
of such training among the students.

This study showed that the confidence regarding the 
knowledge of CPR and performance of the skills like 
chest compression and initiation of compressions 
significantly improved after the training. In a prospective 
randomised study conducted among secondary school 
students in Germany, the authors demonstrated that 
theory and practical sessions improved the students’ 

knowledge and self‑confidence in the initiation 
of CPR.[7] Similarly, a CPR training workshop for 
first‑year MBBS students led to an improvement in the 
basic knowledge and skills after  4 hours of training. 
The authors suggested that CPR workshops should be 
conducted early during the undergraduate course.[8] 
Several other researchers have found that lectures can 
lead to improvement in the knowledge regarding 
the basic steps of CPR.[9] Even a 1  h single training 
session can improve the understanding of COLS, as 
suggested in a quasi‑experimental study among school 
children.[10]

The overall knowledge of the medical students was poor 
prior to the training as per this study. Many previous 
studies have also found poor knowledge of CPR among 
the medical and non‑medical college students.[2,11] In a 
cross‑sectional study among 145 medical students and 
60 junior doctors, only 6.2% of students and 31.7% 
of junior doctors had adequate knowledge about 
CPR. However, majority of the participants showed a 
positive attitude towards implementation of regular 
CPR training.[2] Few other authors have also reported 
deficiencies of overall knowledge in life support, even 
amongst doctors and medical professionals.[1,12]

The skills of chest compression were assessed after 
the teaching and hands‑on training. Improvement 
in knowledge may be a stepping stone for acquiring 
skills, which is reflected in this study. Most of the 
students achieved acceptable level of skills in the 
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Figure 2: Comparison of knowledge score before and after the training. 
P value <0.0001, paired t-test, score out of nine
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Figure 3: Question-wise correct response before and after training 
(n = 181)

Table 2: Difference in self‑reported confidence by the 
students before and after the training (n=181)

Confidence Score prior to 
the training* 
Mean (SD)

Score after 
the training* 
Mean (SD)

P†

Confidence of first aid skill 2.03 (0.64) 3.55 (0.50) P<0.0001
Confidence of BCLS 
knowledge

1.62 (0.76) 3.43 (0.53) P<0.0001

Confidence of performing 
chest compression

1.5 7 (0.81) 3.47 (0.56) P<0.0001

Confidence of 
performance in real life 
scenario

1.51 (0.74) 3.43 (0.55) P<0.0001

*Score from 1 to 4 on a Likert scale. †Paired t test applied. SD: Standard 
deviation; BCLS: Basic cardiac life support
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rate of chest compression and hand location (average 
compression rate 128.52/min and correct placement of 
hands by 78.36% participants). Only 60% of students 
could achieve proper depth of chest compression. 
This may suggest that students need more time for 
hands‑on practice to achieve this skill. As majority of 
the students did not have prior knowledge of CPR, the 
skill assessment was done only after the training, thus 
precluding a before–after comparison. If CPR is taught 
in the schools, the students may be familiar with the 
terminologies as well as the skills and this will not be 
completely new for them.

The training imparted in this study included lecture, 
video demonstration, group discussion as well 
as hands‑on practice. In a cross‑over randomised 
controlled study, the authors suggested that video 
demonstration resulted in better skills, with regard 
to identifying an arrest situation and initiating early 
chest compressions, as compared to traditional 
instructor‑based training.[13] We tried to include many 
teaching and learning methods to incorporate various 
learning styles  –  visual, auditory, reading/writing, 
kinaesthetic  (VARK) keeping in mind that students 
will have different learning styles and that many 
would prefer the multimodal approach.[14] The overall 
feedback by the students regarding this training was 
positive and most of them found the training very 
useful. However, few students felt that there was 
limited time for the hands‑on practice.

The Indian Society of Anaesthesiologists (ISA) and the 
IRC have designed and promoted CPR guidelines in 
the context of the Indian infrastructure and feasibility, 
in a very simplified, organised and stepwise approach.
[4,5,15] The ISA and IRC also promote training of BCLS 
amongst young doctors, and compression only life 
support  (COLS) amongst lay persons, including 
school students. This can help in creating a network 
of resuscitators who can help in improving outcomes 
in cardiac arrest occurring outside the hospital.[16,17] 
Anaesthesiology is now slowly gaining weightage 
in medical undergraduate teaching in our nation. 
Anaesthesia consultants carry the responsibilities of 
teaching undergraduates important life‑saving skills 
during the foundation course.[16,18]

This study has various limitations. It did not include 
the use of an AED. Usually, students are neither 
trained to self‑assess their performances nor are 
they accurate in the self‑assessment of the clinical 
skills. However, self‑assessments and self‑reports 

by students are recognised as valuable feedbacks for 
curriculum planners. Video recording of the training 
and assessment was not done. Comparing the skills 
objectively, before and after the training, could have 
strengthened this study.

CONCLUSION

BCLS training for first‑year medical students during 
the foundation course can significantly improve the 
knowledge and confidence of the students regarding 
CPR. It can also help them acquire acceptable skills for 
performing effective CPR.
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ANNEXURE 1

Pre‑test Questionnaire
Roll no.
Age/Gender
Date

1.	 Are you aware of the term CPR (cardiopulmonary resuscitation)?
a.	 Yes
b.	 No

2.	 Where have you heard about CPR?
a.	 Movies
b.	 Newspaper
c.	 Friends or relatives
d.	 School
e.	 Electronic or social media

3.	 Have you received any training for CPR prior to this session?
a.	 Yes
b.	 No
If yes, what kind of training?

4.	 If you see a person collapsing in front of you at some public place like mall, what will you do first?
a.	 Call for help
b.	 Start CPR
c.	 Check for responsiveness
d.	 Give rescue breaths

5.	 What is the rate of chest compressions in adult CPR as per the Indian guidelines?
a.	 80–100/min
b.	 120/min
c.	 Up to 200/min
d.	 100/min

6.	 What is the ratio of chest compression to breathing in adult Basic Cardiac Life Support (BCLS)?
a.	 15:2
b.	 30:2
c.	 5:1
d.	 15:1

7.	 Two rescue breaths are best described by all, except
a.	 Each breath given over 1 second
b.	 Should produce visible chest rise
c.	 Given after taking deep inspiration
d.	 Given after taking normal inspiration
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8.	 What is the depth of chest compression in adults?
a.	 At least 2 inches., not >2.4 inches.
b.	 At least 2 inches.
c.	 At least 1.5 inches., not >2 inches.
d.	 1.5–2 inches.

9.	 What is the location of hands in adult CPR?
a.	 Left side of chest
b.	 Xiphisternum
c.	 Middle of the breast bone
d.	 Lower half of the breast bone

10.	 What is the full form of AED?
11.	 After giving shock by AED or defibrillator, you will

a.	 Start compressions
b.	 Check pulse
c.	 Check rhythm
d.	 Ventilate the patient

12.	 As per the Indian guidelines, which of the following is a minimum standard stepwise approach for in- 
hospital cardiac arrest?
a.	 Basic cardiac life support
b.	 Advanced cardiac life support
c.	 Compression only life support
d.	 Comprehensive cardiopulmonary life support

13.	 Rate your confidence of knowledge regarding CPR (select from 1 to 4)
1.	 Not confident
2.	 Less confident
3.	 More confident
4.	 Very confident

14.	 How would you rate your confidence regarding first aid skills? (Select from 1 to 4)
1.	 Not confident
2.	 Less confident
3.	 More confident
4.	 Very confident

15.	 How would you rate your confidence regarding chest compression? (Select from 1 to 4)
1.	 Not confident
2.	 Less confident
3.	 More confident
4.	 Very confident

16.	 You are in a mall and you see a person collapsing in front of you. You want to start CPR. How confident 
you feel regarding your performance in this situation?
1.	 Not confident
2.	 Less confident
3.	 More confident
4.	 Very confident
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Post‑test Questionnaire
Roll no.
Age/Gender
Date

1.	 If you see a person collapsing in front of you at some public place like mall, what will you do first?
a.	 Call for help
b.	 Start CPR (Cardiopulmonary Resuscitation)
c.	 Check for responsiveness
d.	 Give rescue breaths

2.	 What is the rate of chest compressions in adult CPR as per the Indian guidelines?
a.	 80–100/min
b.	 120/min
c.	 Up to 200/min
d.	 100/min

3.	 What is the ratio of chest compression to breathing in adult Basic Cardiac Life Support (BCLS)?
a.	 15:2
b.	 30:2
c.	 5:1
d.	 15:1

4.	 Two rescue breaths are best described by all, except
a.	 Each provided over 1 second
b.	 Should produces visible chest rise
c.	 Given after taking deep inspiration
d.	 Given after taking normal inspiration

5.	 What is the depth of chest compression in adults?
a.	 At least 2 inches., not >2.4 inches.
b.	 At least 2 inches.
c.	 At least 1.5 inches., not >2 inches.
d.	 1.5–2 inches.

6.	 What is the location of hands in adult CPR?
a.	 Left side of chest
b.	 Xiphisternum
c.	 Middle of the breast bone
d.	 Lower half of the breast bone

7.	 What is full form of AED?
8.	 After giving shock by AED or defibrillator, you will

a.	 Start compressions
b.	 Check pulse
c.	 Check rhythm
d.	 Ventilate the patient

9.	 As per the Indian guidelines which of the following is a minimum standard stepwise approach for in 
hospital cardiac arrest?
a.	 Basic cardiopulmonary life support
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b.	 Advanced cardiac life support
c.	 Compression only life support
d.	 Comprehensive cardiopulmonary life support

10.	 Rate your confidence of knowledge regarding CPR (select from 1 to 4)
1.	 Not confident
2.	 Less confident
3.	 More confident
4.	 Very confident

11.	 How would you rate your confidence regarding first aid skills? (Select from 1 to 4)
1.	 Not confident
2.	 Less confident
3.	 More confident
4.	 Very confident

12.	 How would you rate your confidence regarding chest compression? (Select from 1 to 4)
1.	 Not confident
2.	 Less confident
3.	 More confident
4.	 Very confident

13.	 You are in a mall and you see a person collapsing in front of you. You want to start CPR. How confident 
you feel regarding your performance in this situation? (Select from 1 to 4)
1.	 Not confident
2.	 Less confident
3.	 More confident
4.	 Very confident

14.	 Give your feedback regarding the lecture of BCLS
a.	 Very useful
b.	 Quite useful
c.	 Some use
d.	 Of little use
e.	 Of no use

15.	 Give your feedback regarding hands‑on practice sessions
a. Very useful
b. Quite useful
c. Some use
d. Of little use
e. Of no use

16.	 Give your feedback regarding skill assessment sessions
a.	 Very useful
b.	 Quite useful
c.	 Some use
d.	 Of little use
e.	 Of no use

17.	 Any other feed back
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INTRODUCTION

Ultrasound imaging of the lung and associated 
tissues helps in informed clinical decision‑making 
in patients with coronavirus disease (COVID)-19 and 
management of their associated respiratory failure 
and lung injury. In addition, myocardial injury is 
expected to present in more than a quarter of patients 
with critically ill COVID‑19  patients.[1] Thus, the 
rapid bedside assessment of the lungs, heart, and 
blood vessels by point‑of‑care ultrasound  (POCUS) 
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ABSTRACT

Background and Aims: The incorporation of artificial intelligence  (AI) in point‑of‑care 
ultrasound (POCUS) has become a very useful tool to quickly assess cardiorespiratory function 
in coronavirus disease (COVID)-19 patients. The objective of this study was to test the agreement 
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becomes a useful tool for the frontline warriors to 
aid rapid diagnosis in the fight against the COVID‑19 
pandemic. POCUS is usually performed by a treating 
physician/expert sonographer to obtain real‑time 
information for the diagnosis, triaging, management 
and prognostication. Pneumonia caused by COVID‑19 
leads to alteration in lung tissues causing localised 
vertical artifacts to appear on the ultrasound images 
in addition to the alterations of the sub‑pleural tissue. 
These artifacts have generally been called B‑lines.[2] 
The myocardium may also be involved in COVID‑19 
as a result of cytokine storm, myocarditis or stress 
cardiomyopathy.[3,4] Being a non‑invasive imaging 
technique, echocardiography can help quickly identify 
the circulatory status of COVID‑19  patients and 
guide haemodynamic management. Left ventricular 
outflow tract velocity time integral  (LVOT‑VTI) is 
one of the echocardiographic parameters to calculate 
cardiac output  (CO), which may be a surrogate for 
cardiovascular function. One of the potential causes 
of hypotension in haemodynamically unstable 
COVID‑19 patients is hypovolaemia. The identification 
of latent/overt hypovolaemia offers the clinician 
an opportunity to implement fluid resuscitation. 
Concerning volume status, the variability of the 
diameter of the inferior vena cava with respiration 
in a spontaneously breathing subject known as the 
“inferior vena cava collapsibility index”  (IVC‑CI), 
is considered to be a valuable predictor of volume 
responsiveness in cases of circulatory failure even 
in the presence of nonfatal cardiac arrhythmias.[5‑7] 
Artificial intelligence (AI) allows automatic real‑time 
detection and quantification of lung B‑lines, LVOT‑VTI 
and IVC‑CI which potentially could make ultrasound 
assessment less operator dependent. In this present 
study, we aimed to test the agreement between manual 
and automated B‑lines counting, LVOT‑VTI and IVC‑CI 
in COVID‑19  patients. We hypothesised that there 
would be good agreement between the two methods 
in all three parameters in COVID‑19  patients. The 
primary aim was to compare and validate automated 
with manual calculations of all three parameters in 
expert hands and the secondary aim was to compare 
AI‑based acquisition by a novice with those of experts.

METHODS

This single centre prospective observational study was 
conducted in a tertiary health care facility in an urban 
setting. All adult patients of age more than 18 years, 
with confirmed or symptomatic COVID‑19 disease 
admitted to the hospital for observation were enroled 

for the study. All patients were breathing spontaneously 
without ventilatory support either invasive or 
non‑invasive After obtaining ethical approval from 
the institutional ethical committee, written informed 
consent was obtained from 90 patients. Patients with 
a severe form of COVID‑19, those on ventilatory 
support, haemodynamically unstable patients, 
psychiatric patients and patients who were not willing 
to participate in the study were excluded. The two 
expert sonographers independently and consecutively 
performed and stored video clips for B‑lines counting, 
LVOT‑VTI and IVC‑CI calculations of each patient in a 
blinded fashion to determine inter‑ and intra‑observer 
variations. To avoid potential bias, manual method was 
performed first followed by the automated method. 
First round was followed by the second round after 
15 minutes duration. The sonographers recorded the 
clips and interpreted them offline which were blinded 
to the findings of the other expert. Similarly, novice 
practitioners performed automated B‑lines counting, 
LVOT‑VTI and IVC‑CI in two rounds with 15 minutes 
gap. The novice was defined as a medical professional 
who graduated from nursing or medical resident other 
than cardiology or sonography who has no substantial 
training in ultrasound except for a ‘hands‑on’ crash 
course. Crash course consists of a 2‑hour training 
session for a period of 4 days with experts in ultrasound 
scanning. After the initial training, novice learners 
performed hands‑on scanning independently for all 
three parameters in COVID‑19 patients. Images were 
stored and the quality of images was examined by 
experts. The image obtained by the novice was graded 
as excellent, good, moderate or weak and the decision 
on intervention/treatment was performed only after 
consultation with a professional with appropriate 
credentials and expertise in the unit. A  dedicated 
AI installed ultrasound machine  (Venue Go™ Point 
of Care Ultrasound, General Electric Healthcare, 
Wauwatosa, WI, United States) was used for this study. 
To prevent contamination, an ultrasound machine 
was utilised only for COVID‑19  patients. All those 
who performed POCUS donned and wore personal 
protective equipment  (PPE) and performed hand 
hygiene precautions as per national recommendations 
Probe cover was used to prevent probe contamination. 
High level disinfection was performed after each usage 
of ultrasound to prevent pathogen transmission.[8]

For manual assessment of B‑lines counting, the 
ultrasound scanning was performed using high 
frequency linear array probe (L4‑12t, 4‑12 MHz). Four 
zones in each hemithorax, respectively located at the 
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upper and lower front and the upper and lower lateral 
chest were selected for the evaluation and marked 
beforehand to guide the performer of ultrasound 
examination in probe positioning. For the anterior 
chest, 3rd  and 5th  intercostal spaces were selected. 
For lateral chest, 4th  and 6th  intercostal spaces were 
selected. Each sonographer performed manual B lines 
counting followed by automated B lines counting 
by activating the auto B‑lines tool  [Figure 1]. Novice 
performed automated B‑lines counting by using the 
same tool.

For assessment of LVOT‑VTI, the ultrasound 
investigation was carried out using real‑time scanners 
equipped with phased array sector probes (3Sc, 1.6‑4.5 
MHz. In all cases, manual LVOT‑VTI was computed 
on an apical five‑chamber view using pulse‑wave 
Doppler in the left ventricle outflow tract and tracing 
it manually. For auto LVOT‑VTI, the investigator 
achieved a five‑chamber view. By activating the 
auto‑VTI tool, LVOT‑VTI measurement was derived 
automatically [Figure 2].

For assessment of IVC‑CI, the IVC was imaged in 
a longitudinal plane with the phased array sector 
probe (3Sc, 1.6‑4.5 MHz) in the sub‑xiphoid position. 
The intra‑hepatic segment of the IVC was visualised 
as it entered the right atrium. The IVC diameter was 
measured at 2  cm caudal to the hepatic vein‑IVC 
junction, or approximately 3–4 cm from the junction 
of the IVC and right atrium. This measurement 
location was preferred as IVC collapsibility in the 
intra‑hepatic segment, which was not influenced by 
the activity of the muscular diaphragm compared to 
one at the IVC‑right atrial junctionM‑mode was used 
to capture a 10 seconds cine loop of the IVC over 
two or three respiratory cycles. The maximum IVC 
diameter  (IVCdmax) was measured as the maximum 
anterior‑posterior dimension at end‑expiration using 
the leading‑edge technique (inner edge to inner edge 
of the vessel wall). In addition, the minimum IVC 
diameter was measured at end‑inspiration  (IVCdmin). 
The IVC  –CI was the difference between the 
maximum and minimum IVC diameters divided 
by the maximum IVC diameter, expressed as a 
percentage  ([IVCdmax  –  IVCdmin]/IVCdmax  ×100%). For 
automated measurement of IVC‑CI, the sonographer 
achieved the same sub‑xiphoid IVC view in the 
longitudinal plane. Using the Auto‑IVC tool, the 
ultrasound device was automatically detecting the IVC 
maximum and minimum dimensions and provided, 
IVC‑CI [Figure 3].

The sample size was calculated using nMaster software 
version  2.0 using single group continuous outcome. 
Based on a population reliability value of 0.5 and 
expected agreement between automatic and manual 
modes of more than 0.7 with power 80%, alpha error 
of 5% and number of replicates as two, the minimum 
required sample size was 80  patients. For possible 
attrition, it was decided to include 90  patients. The 
distribution of the continuous data was checked with 
the Kolmogorov–Smirnov one‑sample test and the 
Shapiro‑Wilk test. Continuous variables with a normal 
distribution were expressed as mean±standard 
deviation (SD). Dichotomous data were expressed 
as numbers and percentages. Intraclass correlation 
coefficients  (ICCs) were used to study agreement 
between the visual and automatic system of B‑lines 

Figure 1: Artificial intelligence software showing B-lines count

Figure 2: Artificial intelligence software showing left ventricular outflow 
tract velocity time integral (LVOT-VTI)

Figure 3: Artificial intelligence software showing inferior vena cava 
collapsibility index (IVC-CI)
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counting, LVOT‑VTI and IVC‑CI in the two scanning 
rounds using the Spearman correlation coefficient. 
Similarly, ICC was used for intra‑observer and 
interobserver reliability. For all statistical tests, a 
P  value of  <0.05 was considered to be significant. 
All the statistical tests were two‑sided and were 
performed at a significance level of α = 0.05. Data 
were analyzed by using a statistical package for social 
sciences (SPSS Inc., Chicago, IL version 22.0).

RESULTS

A total of 90 patients were included in the study out of 
which, 7 patients were excluded because of incomplete 
data. Data from the remaining 83  patients were 
included in the study. The mean age of the patients 
was 54.46 ± 16.60 years. Of 83 patients, 66.2% were 
males, remaining 33.8% were females. Descriptive 
statistics of the study patients and observed parameters 
are given in Table 1.

Agreement between the manual and automated 
LVOT‑VTI measurement
Agreement between manual and automated LVOT‑VTI 
assessment was excellent  [ICC 0.98, P  <  0.001]. 
Intra‑observer reliability and Inter‑observer reliability 
were also excellent [ICC 0.96‑0.99 and ICC 0.95‑0.99, 
P < 0.001]. Moreover, an agreement between novice 
and experts AI based LVOT VTI assessment was 
excellent [ICC 0.95‑0.97, P < 0.001] [Table 2].

Agreement between the manual and automated IVC‑CI 
measurement
Agreement between manual and automated IVC‑CI 
assessment was excellent  [ICC 0.99, P  <  0.001]. 
Intra‑observer reliability was excellent  [ICC 0.98, 
P < 0.001]. Inter‑observer reliability was also excellent 
for both systems in both rounds  [ICC 0.97‑0.99, 
P < 0.001]. Similar to LVOT‑VTI, agreement between 
novice and experts AI based IVC‑CI assessment was 
excellent [ICC 0.98, P < 0.001] [Table 2].

Agreement between the visual and automated B‑lines 
counting
Agreement between manual and automated B‑lines 
counting was moderate [(ICC) 0.52‑0.53, P < 0.001]. 
Intra‑observer reliability was moderate  [ICC 
0.56‑0.69, P < 0.001]. Inter‑observer reliability was 
good  [ICC 0.79‑0.87, P  <  0.001]. However, auto 
B‑lines assessed by novice had weak agreement 
with auto B‑lines assessed by experts  [ICC 0.18, 
P < 0.001] [Table 2].

DISCUSSION

AI technology when incorporated into ultrasound and 
echocardiography, has a great potential to decrease the 
burden on the healthcare professionals by allowing 
novice learners to perform basic ultrasound examination 
by the ability to count B‑lines, LVOT‑VTI, IVC‑CI and 
incorporate findings into their clinical decisions in 
patients with COVID‑19 Our study showed that there is 
moderate to excellent agreement between manual and 
automated measurement of B‑line counting, LVOT‑VTI 
and IVC‑CI in COVID‑19 patients. Moreover, this study 
demonstrated that the measurement of LVOT‑VTI and 
IVC‑CI using AI software in COVID‑19  patients is 
found to have an excellent agreement between novice 
and expert sonographers.

AI is a machine’s ability to mimic human intelligence. 
In practice, it is a segment of computer science that 
involves designing computer applications to perform 
tasks that typically have required human intelligence 
such as visual perception, speech recognition, and 
decision making. In a recent proposal aimed at 
regulating AI software in medical devices, the U.S. 
Food and Drug Administration  (FDA) stated that 
“artificial intelligence‑based technologies have the 
potential to transform healthcare by deriving new 
and important insights from the vast amount of data 
generated during the delivery of healthcare every 
day”.[9] Instead of instructing the computer to evaluate 

Table 1: Demographics and clinical data of study 
cohort (n=83)

Variable Descriptive statistics
Age (years) 54.5±16.6
Gender: Male/Female 55/28 (66.2/33.8)
Weight (kg) 67.5±9.0
Height (cm) 162.2±9.1
CAD 20 (20.1)
HTN 32 (38.5)
CKD 7 (8.4)
CVA 5 (6)
DM 35 (42)
LVEF (%) 52.2±8
Manual B‑lines counts 1 (0‑5)
Auto B‑line counts 1 (0‑5)
Manual LVOT‑VTI (cm) 18.1±3.3
Auto LVOT‑VTI (cm) 18.9±3.34
Manual IVC‑CI (%) 41.0±6.7
Auto IVC‑CI (%) 42.1±6.6
CAD=coronary artery disease, HTN=hypertension, CKD=chronic kidney 
disease, CVA=cerebrovascular accident, DM=diabetes mellitus, LVEF=left 
ventricular ejection fraction, LVOT VTI=left ventricular outflow tract velocity 
tine integral, IVC‑CI=Inferior vena cava collapsibility index. Data are provided 
as Mean (Standard deviation), Proportions (percentages) or Median 
(interquartile range)
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a given condition, or to perform a specific task 
according to detailed programmed instructions, AI 
algorithms learn from exposure to numerous similar 
conditions previously, which is very useful in dealing 
with COVID‑19  patients. Recently, FDA accelerated 
the process to provide rapid clearance for AI‑based 
medical imaging technologies to help clinicians in the 
COVID‑19 pandemic.

The excellent correlation between manual and 
AI‑based measurement of LVOT‑VTI and IVC‑CI in 
this study indicates the reliability of the AI software 
for these measurements. Evidence shows that 
COVID‑19 can affect the heart directly or indirectly 
through cytokine storm causing a decrease in left 
ventricular ejection fraction and  cardiac output 

(CO).[4] Hence, auto‑VTI is helpful in calculating CO 
rapidly. LVOT‑VTI is a doppler‑derived parameter 
to measure stroke volume, which may be used as 
a surrogate marker of cardiac function in adults.[10] 
Bobbia et  al.[11] showed a good correlation between 
manual and automated VTI calculation in piglets.[11] 
Shaikh et al.[12] evaluated the feasibility of using AI in 
POCUS assessments of CO and compared the accuracy 
of automated versus manual measurements of 
left ventricular outflow tract diameter  (DLVOT) 
and LVOT‑VTI. They reported automated VTI 
measurement by AI is feasible and allows for quick 
and accurate measurement of CO in novice operators. 
Further, they suggested AI in POCUS diagnostics may 
limit expertise dependence and improve accuracy in 
non‑experienced users. LVOT‑VTI though not a direct 

Table 2: Agreement between the manual and automated LVOT‑VTI, IVC‑CI and B‑lines counting
Parameter Test No. ICC (95% of CI) P
LVOT‑VTI Manual vs Automated (Total) 332 0.987 (0.980‑0.99) <0.001

Round 1 166 0.987 (0.98‑0.99) <0.001
Round 2 166 0.986 (0.98, 0.99) <0.001

Expert vs Novice (Total) 332 0.96 (0.94‑0.98) <0.001
Intra‑observer reliability in manual method (Round 1 vs. Round 2) Observer 1 83 0.99 (0.99‑0.99) <0.001

Observer 2 83 0.98 (0.98‑0.99) <0.001
Intra‑observer reliability in automated method (Round 1 vs Round 2) Observer 1 83 0.99 (0.99‑0.99) <0.001

Observer 2 83 0.99 (0.98‑0.99) <0.001
Inter‑observer reliability in manual method (Observer 1 vs Observer 2) Round 1 83 0.98 (0.97‑0.990) <0.001

Round 2 83 0.99 (0.98‑0.99) <0.001
Inter‑observer reliability in automated method (Observer 1 vs Observer 2) Round 1 83 0.99 (0.98‑0.99) <0.001

Round 2 83 0.99 (0.98‑0.99) <0.001
IVC‑CI Manual vs Automated (Total) 332 0.99 (0.987‑0.991) <0.001

Round 1 166 0.99 (0.98‑0.99) <0.001
Round 2 166 0.99 (0.987‑0.993) <0.001

Expert vs Novice (Total) 332 0.98 (0.97‑0.99) <0.001
Intra‑observer reliability in manual method (Round 1 vs Round 2) Observer 1 83 0.987 (0.98‑0.99) <0.001

Observer 2 83 0.982 (0.97‑0.99) <0.001
Intra‑observer reliability in automated method (Round 1 vs Round 2) Observer 1 83 0.984 (0.98‑0.99) <0.001

Observer 2 83 0.982 (0.97‑0.99) <0.001
Inter‑observer reliability in manual method (Observer 1 vs Observer 2) Round 1 83 0.984 (0.98‑0.99) <0.001

Round 2 83 0.987 (0.98‑0.99) <0.001
Inter‑observer reliability in automated method (Observer 1 vs Observer 2) Round 1 83 0.988 (0.98‑0.99) <0.001

Round 2 83 0.99 (0.985‑0.99) <0.001
B‑lines counted Manual vs Automated (Total) 2656 0.52 (0.49‑0.56) <0.001

Round 1 1328 0.52 (0.47‑0.57) <0.001
Round 2 1328 0.53 (0.47‑0.58) <0.001

Expert vs Novice (Total) 2656 0.18 (0.11‑0.24) <0.001
Intra‑observer reliability in manual method (Round 1 vs Round 2) Observer 1 664 0.64 (0.58‑0.69) <0.001

Observer 2 664 0.69 (0.64‑0.73) <0.001
Intra‑observer reliability in automated method (Round 1 vs Round 2) Observer 1 664 0.60 (0.54‑0.66) <0.001

Observer 2 664 0.56 (0.48‑0.62) <0.001
Interobserver reliability in manual method (Observer 1 vs Observer 2) Round 1 664 0.84 (0.81‑0.86) <0.001

Round 2 664 0.79 (0.76‑0.83) <0.001
Interobserver reliability in automated method (Observer 1 vs Observer 2) Round 1 664 0.87 (0.84‑0.88) <0.001

Round 2 664 0.79 (0.76‑0.82) <0.001
LVOT‑VTI=left ventricular outflow tract velocity time integral; IVC CI=Inferior vena cava collapsibility index; ICC=intraclass correlation coefficient, CI=confidence 
interval, vs=versus.
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measure of myocardial injury, is a useful parameter 
to determine the cardiac function, especially in 
terms of stroke volume and CO. The LVOT‑VTI is a 
simple, feasible and reproducible measurement to 
serially track the stroke volume and CO and hence 
LVOT‑VTI is highly valuable in the haemodynamic 
monitoring of critically ill patients in point‑of‑care 
settings. In addition, the LVOT‑VTI is able to predict 
outcomes in selected populations.[13] Similarly, in 
one internal study conducted by GE healthcare, the 
IVC measurements were equivalent to an expert 
user’s ability, 90% of the time for minimal diameters 
and 97% for maximal diameters.[14] With B‑lines 
counting, we observed moderate agreement between 
the manual and AI‑based assessments. Short et  al.
[15] investigated the reliability and consistency of B 
line counting using manual and automated methods 
in four critically ill patients, in which they found 
good agreement between the two. Brusasco et  al.[16] 
compared automatic quantification of B‑lines by AI 
with semi‑quantitative scores in the measurement of 
extravascular lung water as determined by standard 
thermodilution. They concluded that AI based B‑line 
quantification is faster than conventional method of 
extra lung water estimation.

In this study, we observed excellent agreement 
between novice and experts in LVOT‑VTI and IVC‑CI 
measurement. However, a moderate agreement was 
observed in B‑lines counting. This could possibly be 
secondary to technical variations in probe positions or 
lung inflation status between the manual and automatic 
assessment. Additionally, the AI software could only 
provide a maximum score of five B-lines at one time. 
These observations prove that novice operators can 
be used for POCUS study using AI software, as it 
decreases operator dependency. This can be helpful in 
the current COVID‑19 pandemic, where experienced 
sonographers may not be available round the clock. 
Moreover, in highly populated countries like India, 
this technology helps in the rapid bedside assessment 
of COVID‑19 patients with less fatigue and manpower. 
In their study, Gundersen et  al.[17] showed that after 
adequate training, nurses can perform high‑quality 
ultrasonography with good agreement with experts. 
Similarly, after adequate training, medical students 
can acquire and interpret diagnostic imaging.[18‑20]

Our study has several strengths. Our study emphasised 
the reliability of AI in POCUS for measuring the 
LVOT‑VTI, IVC‑CI and B‑lines in COVID‑19 patients. 
Moreover, our study shows novices can be utilised 

for assessing these parameters using AI incorporated 
POCUS which may help treating physician at beside.

There are some major limitations associated with our 
study. First, our study cohort had less severe disease. 
We suggest that the study must be conducted in patients 
with more severe and critically ill COVID‑19  patients 
who require ventilators. Second, we did not calculate 
the time duration required between the two methods. 
Another important limitation of our study was the 
exclusion of posterior lung segments for B‑lines counting. 
We chose eight zone method instead of 12 zone method 
to make the scan easy, feasible and friendly for patients, 
expert sonographers and novice practitioners. Since 
COVID‑19 predominantly affects posterior segments of 
lungs, exclusion of these segments would decrease the 
number of B‑lines counting made, which could affect 
the results.

CONCLUSION

Our study showed AI guided assessments of LVOT‑VTI, 
IVC‑CI and B‑lines counting are reliable and consistent 
with manual assessments in COVID‑19  patients. 
Novices can reliably estimate LVOT‑VTI and IVC‑CI 
but not B‑lines counting using AI software in 
COVID‑19 patients.
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INTRODUCTION

Obstetric patients with compromised cardiac 
condition coming for caesarean section pose unique 
challenges to the anaesthesiologist and can evoke an 
anesthesiologist’s regional anaesthesia skills.[1] The 
anaesthesia technique chosen should be such that it 
causes minimal haemodynamic disturbances with 
maximum safety profile for both mother and foetus.

Combined spinal epidural  (CSE) is popular in 
modern anaesthesia practice. It provides rapid 
onset, prolonged duration and can also be used 
for postoperative analgesia. Epidural volume 
extension  (EVE) is another modification of CSE. 
In this method, normal saline is injected into the 
epidural space after intrathecal injection of local 
anaesthetic agents.[2] This case series tries to highlight 
the efficacy of this technique in high risk obstetric 
patients with compromised cardiac functional status 
who underwent elective lower segment caesarean 
section (LSCS) in our institute from 2018 to 2021.

CASE PRESENTATION

Case 1
A 25 year old primigravida with 36 weeks gestation, 
hypothyroidism and previous history of myocardial 
infarction with stenting done to left anterior descending 
artery presented with complaints of breathlessness in 
lying down position. She was in congestive heart failure 
and had pulmonary oedema. Her echocardiography 
showed a dilated right atrium  (4.3  cm), moderate 
pulmonary artery hypertension  (48  mmHg), lateral 
wall and apical hypokinesia with moderate left 
ventricular dysfunction and an ejection fraction (EF) 
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of 42%. On examination, she had bilateral crepitations 
and her room air peripheral oxygen saturation (SpO2) 
was 85% which improved to 96% with face mask 
oxygen of 5 litres per minute. She was on tablet 
aspirin 75  mg, atorvastatin 20  mg once daily  (OD). 
Cardiac consultation was sought and she was planned 
for LSCS.

Case 2
A 30  year old primigravida with 36  weeks of 
gestation presented in the obstetrics department 
with the complaint of dyspnoea at rest and clinical 
examination revealed that she was in cardiac failure. 
2D echocardiography revealed cardiomyopathy, 
biventricular systolic dysfunction, grade  I diastolic 
dysfunction with an EF of 40%. A  diagnosis of 
peripartum cardiomyopathy was made. Tablets 
frusemide and methyldopa were started, and she was 
planned for elective LSCS.

Case 3
A 28 year old primigravida with 38 weeks of gestation 
was posted for elective LSCS. The patient was 
diagnosed as a case of rheumatic heart disease (RHD) 
with moderate mitral stenosis during her antenatal 
check‑up when she developed breathlessness in the 
second trimester. 2D echocardiography revealed 
a mitral valve area of 1.2 cm2. She was started on 
digoxin 0.25 mg OD and tablet metoprolol 25 mg twice 
daily (BD) by the cardiologist. Tablet frusemide 20 mg 
BD was added during her third trimester.

Case 4
A 24‑year‑old female diagnosed as RHD with severe 
mitral stenosis, severe tricuspid regurgitation, and 
trivial mitral regurgitation with moderate pulmonary 
artery hypertension was posted for elective caesarean 
section with an indication of cephalopelvic 
disproportion with oligohydramnios. She developed 
breathlessness at 7  months of pregnancy and was 
diagnosed as a case of RHD with mitral stenosis with a 
mitral valve area of 1 cm2. She had sinus tachycardia 
on electrocardiogram. She was started on treatment for 
right heart failure with injectable furosemide 20  mg 
BD and ivabradine 5 mg OD.

Case 5
A 25‑year‑old primigravida diagnosed with Takayasu’s 
arteritis type  III with involvement of bilateral 
subclavian arteries, thoracic aorta and renal artery 
involvement presented to the obstetric unit for safe 
confinement. She had renovascular and pulmonary 

artery hypertension and dilated cardiomyopathy 
secondary due to Takayasu’s arteritis. She was on 
tablet prednisolone 30 mg OD, tablet digoxin 0.25 mg 
OD, tablet nifedipine 10 mg OD. She was posted for 
elective LSCS.

Anaesthetic plan
Pre‑anaesthetic evaluation was done. Investigations 
were assessed and aspiration prophylaxis was 
administered to all of them. Once the patients 
were shifted inside the operating room, monitors 
like non‑invasive blood pressure, SpO2 and 
electrocardiogram were connected and baseline vital 
parameters were recorded. 18 G peripheral intravenous 
line was secured and ringer lactate infusion was 
started. Radial artery was cannulated for invasive 
arterial blood pressure monitoring. Under aseptic 
precautions, an 18 G epidural catheter was inserted 
into L2‑L3 intervertebral space using an 18 G Tuohy 
needle. The epidural space was identified using the 
loss of resistance to air technique and catheter fixed 
such that 4  cm was inside the epidural space. This 
was followed by subarachnoid block with 1.2  ml of 
0.5% hyperbaric bupivacaine with 25 μg of fentanyl 
injected intrathecally into L3‑L4 intervertebral space 
using a 26 G Quincke Babcock spinal needle. A wedge 
was placed under the right hip joint. The dermatomal 
level achieved was checked 5 min after giving spinal 
anaesthesia. 8 ml of normal saline was injected in the 
epidural catheter 5 min after giving the subarachnoid 
block. The dermatomal level was again assessed at 3, 
5 and 10 min after administration of epidural saline 
by the pin‑prick method  [Table  1]. Motor block was 
assessed using Bromage scale at the end of 5 minutes. 
All the patients were haemodynamically stable 
throughout the surgery [Table 2]. Postoperatively, the 
patients were shifted to the intensive care unit for 
overnight observation and postoperative analgesia 
was maintained by an epidural infusion of 0.1% 
bupivacaine at 5 ml/h.

Table 1: Level of sensory block and grade of motor block 
achieved

Case Height 
(cm)

Weight 
(kg)

Sensory 
block 

level at 
3 min

Sensory 
block 

level at 
5 min

Sensory 
block 

level at 
10 min

Bromage 
Scale 

(Grade)

1 160 78 T‑10 T‑7 T‑5  2
2 156 66 T-9 T‑7 T‑5  3
3 163 64 T‑10 T‑6 T‑5  2
4 155 75 T‑9 T‑6 T‑4  3
5 152 72 T‑9 T‑7 T‑4  3
T‑Thoracic vertebral level
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DISCUSSION

Cardiac patients coming for LSCS can be administered 
regional or general anaesthesia. We opted for EVE 
technique as various reports have shown the benefits 
of this technique. It has significant dose-sparing 
effect, provides an adequate level of anaesthesia and 
analgesia with minimal haemodynamic disturbances 
and faster recovery of motor function. This technique 
is reliable, with the advantage of epidural anaesthesia 
in prolonging the duration of anaesthesia if required 
and it can also be used for postoperative analgesia.[3,4] It 
has advantages over general anaesthesia as the airway 
manipulation and the accompanying stress response, 
which has adverse effect on the patient’s cardiovascular 
status is avoided.[5]

The most common theory for EVE is thecal 
compression due to the volume effect on consequent 
epidural injection of saline. A study done by Blumgart 
et  al.[6] showed higher level of analgesia with EVE 
technique when compared with spinal alone. This 
was secondary to the volume effect in epidural 
space which compresses the subarachnoid space 
and increase the intrathecal spread of the drug. 
Mardirosoff and colleagues noted that EVE performed 
20  min after intrathecal injection failed to produce 
any significant increase in the sensory level. However, 
EVE done 5 min after intrathecal injection produced 
a significantly higher sensory block.[7] This was the 
reason why we opted to inject 8 ml of normal saline 
5 min after intrathecal injection.

Lew et  al.[8] in his study found that CSE using EVE 
technique has faster motor recovery thereby reducing 
the time spent in the post‑anaesthetic care unit. 
Takiguchi et  al.[9] demonstrated thecal compression 
following EVE in a myelographic study conducted in 
healthy volunteers.

Most recently, a meta‑analysis of low‑dose spinal 
anaesthesia concluded a lower risk of hypotension[risk 
ratio  (RR) 0.78, 95% confidence interval  (CI) 0.65 to 
0.93] when low doses of spinal bupivacaine (≤8 mg) 
are used for caesarean section.[10] All the patients in our 
case series were haemodynamically stable throughout 
the procedure. One patient had single episode of 
hypotension which responded to a single bolus dose 
of 100 µg of intravenous phenylephrine.

The main limitation of the EVE method is that it cannot 
be used in emergency LSCS as it is time consuming 
and sometimes there may be accidental migration of 
catheter into the intravascular or intrathecal space 
and a rapid rise of spinal block. Hence, it is essential 
to check the level of block before injecting epidural 
saline.

CONCLUSION

EVE technique can be safely used in high‑risk cardiac 
patients coming for LSCS to achieve the desired 
level of surgical anaesthesia without causing adverse 
haemodynamic disturbances.
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Table 2: Haemodynamic parameters
Time Case 1 Case 2 Case 3 Case 4 Case 5

HR IBP HR IBP HR IBP HR IBP HR IBP
0 min 70 122/78 84 140/100 72 118/78 90 130/86 78 124/78
1 min 78 116/74 87 134/98 70 116/75 85 128/80 72 124/74
3 min 74 120/72 86 135/90 68 110/70 88 124/78 70 120/68
5 min 75 119/74 92 130/88 70 112/66 92 112/68 84 94/60*

10 min 80 115/70 90 131/90 71 110/68 86 118/70 74 119/70
15 min 82 112/74 88 133/88 70 113/70 85 126/72 76 122/70
20 min 78 118/68 84 130/86 69 114/70 84 122/74 75 120/68
30 min 74 120/75 84 132/90 68 110/72 80 125/72 77 118/70
40 min 70 124/78 81 130/90 66 112/72 82 122/70 76 120/70
*responded to single bolus dose of 100 µg intravenous phenylephrine. HR: Heart rate in beats per minute; IBP: Invasive blood pressure in mmHg
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The perioperative anaesthetic 
management and outcomes 
of COVID-19 associated 
mucormycosis patients

INTRODUCTION

During the second wave of the coronavirus 
disease (COVID)‑19 pandemic, many of the delta variant 
cases were associated with rhino‑orbital cerebral 
mucormycosis. Due to the shortage of healthcare 
infrastructure and unavailability of amphotericin B, 
mucormycosis became more fulminant, warranting 
emergency radical surgical debridement, orbital 
‘exenteration’, and maxillectomies.

Post‑COVID‑19 systemic sequelae like residual 
respiratory insufficiency, adrenocortical suppression, 
cardiac dysfunction, and difficult airway complicated 
by mucormycosis, adverse effects of amphotericin B 
treatment, dysregulated innate immune response, 
microvascular coagulation can affect the general 
anaesthetic management and the outcomes.[1]

We conducted a study to analyse the perioperative 
anaesthetic management of COVID‑19 associated 
mucormycosis  (CAM) patients and to describe their 
pre‑anesthetic evaluation and risk stratification for 
emergency surgical debridement.

METHODS

This retrospective study was approved by the 
hospital ethics committee  (RMHEC/AL/06/2022). 
Medical records of all patients admitted with CAM at 
a single tertiary care centre between April 2021 and 
August 2021 were analysed for patient demographic 
data, presenting complaints, COVID‑19 status, all 
investigation reports, vitals monitoring recorded 
throughout the hospital stay, the number and type 
of surgeries performed on each patient, duration of 
anaesthesia, duration of hospital stay, risk scores, 
post‑operative sequelae, and outcomes.

Analytical Statistical Package for the Social 
Sciences  (SPSS) for windows version 25.0 was used 
for data analysis. The mean ± standard deviation (SD) 
and range values were calculated for quantitative 
variables and the percentages were calculated for 
categorical variables.

RESULTS

Eighty‑three individuals were hospitalised with 
COVID‑19 associated mucormycosis. Out of these, 
records of 67  patients could be obtained. The 
American Society of Anesthesiologists (ASA) physical 
status was grade I in one patient, II in 55 patients, III 
in 6 patients, and IV in 5 patients, with a median age 
of 48.3 ± 14.1 (range, 23‑84) years.

Out of six patients with ASA grade III, five had Quick 
Sequential Organ Failure Assessment  (qSOFA) score 
of 1 and Quick Systemic Inflammatory Response 
Syndrome  (qSIRS) score of 2, while one had qSOFA 
score of 2 and qSIRS score of 4. For five patients of 
ASA grade  IV, the qSOFA score was  >2 and qSIRS 
score was >4 [Figure 1].

Six (8.9%) patients had COVID‑19 complications, out 
of whom, one patient had severe COVID‑19 illness 
with septic shock. Another patient had bilateral 
cortical venous thrombosis, while one more patient 
was admitted with ischaemic stroke and altered 
sensorium. Furthermore, in one patient, acute 
superior cerebellar artery infarct, and in one patient 
post COVID‑19 bilateral axonal neuropathy and 
upper trunk plexopathy was diagnosed. One patient 
with myocardial infarction was also admitted to the 
intensive care unit (ICU) in a gasping state and had a 
cardiac arrest for which cardiopulmonary resuscitation 
was administered, after which spontaneous circulation 
was restored. This patient was planned for surgical 
debridement but died pre‑operatively.

Ten patients  (14.9%) had COVID‑19 associated 
pneumonia and required oxygen therapy at the time of 
admission [Figure 2]. At admission, the mean peripheral 
oxygen saturation (SpO2) was 96% (66%‑100%) among 
the patients in the study. The mean random blood 

Figure  1: Pre-operative risk assessment scores. ASA - American 
Society of Anesthesiologists physical status.  qSOFA - Quick Sequential 
Organ Failure Assessment score. qSIRS - Combined qSOFA and 
systemic inflammatory response syndrome (SIRS) score. No.-Number
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glucose value of the patients was 258 ± 96.5 mg/dl and 
the mean glycosylated haemoglobin  (HbA1c) value 
was 10.1 ± 1.76%.

Among 67 patients, 15 patients were newly detected with 
diabetes during COVID‑19 illness, 41 patients were known 
cases of diabetes (pre‑COVID‑19), and 11 patients were 
non‑diabetic. 25 patients had a history of hospitalisation 
with COVID‑19 and had received steroids as a part of 
treatment, 12 patients had been home quarantined  (no 
steroids received), and the rest of the 30 patients’ files did 
not contain data regarding the same.

The most common clinical presentation was orbital 
cellulitis 37.31% (25/67), followed by facial cellulitis 
31.34%  (21/67), epistaxis 11.94%  (8/67), headache 
7.46%  (5/67), and toothache 4.47%  (3/67). Other 
symptoms included loss of vision, breathlessness, and 
seizures.

Sixty‑five patients were operated upon. Two patients 
consented to non‑surgical management due to advanced 
COVID-19 rhino‑orbital cerebral mucormycosis. 
The computerised tomography of the paranasal 
sinus  (CT‑PNS) was done in 51  (76.11%) patients, 
magnetic resonance imaging  (MRI) was done in 
16 (23.88%) patients pre‑operatively, and a repeat MRI 
was required in 8 (11.94%) patients post‑operatively.

The most common surgery done was endoscopic sinus 
debridement (92.53%) [Table 1].

Thirty  (44.77%) patients had high mean blood 
pressure  >100  mmHg, 16  (23.88%) patients had 
a heart rate  (HR) >100 beats/min, pre‑operatively 
before induction of anaesthesia. Three patients out of 
sixty‑five (4.61%) were shifted to the ICU for elective 
ventilation after surgery. The mean duration of surgery 
was 2.2 ± 0.8 hours (1.5‑6 hours) [Table 2].

Thirty‑two patients received various forms of 
amphotericin B, 10  patients received liposomal 
amphotericin B, 4 patients received lipid emulsification, 
and the remaining 18 received amphotericin B 
deoxycholate. Sixty‑five (97.01%) patients received a 
parental/oral form of posaconazole. All patients who 
received amphotericin B had alternate day renal profile 
monitoring. Twenty‑five patients received potassium 
correction for hypokalaemia perioperatively.

Three patients had thromboembolic events in our study, 
one patient had multiple cerebral infarcts, one patient 

developed middle cerebral artery infarct, hemiplegia, 
and aphasia post‑operatively, and one patient was 
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Figure 2: Pre-operative risk stratification. ASA PS - American Society of 
Anesthesiologists physical status, IHD - Ischaemic heart disease, CVA - 
Cerebral vascular accident; No. - Number; COVID-coronavirus disease

Table 1: Types of surgeries
Type of surgery Number of 

subjects 
Percentage

Surgery not done 2 2.9
Endoscopic sinus debridement [ESD] 62 92.5
ESD + orbital decompression 8 11.9
ESD + orbit exenteration 14 20.89
ESD + Caldwell Luc 16 23.88
ESD + partial/complete maxillectomy 8  11.9
Transfacial frontal abscess drainage 1 1.49
As many patients had repetitive surgeries, the total number of subjects was 
more than 67

Table 2: Post‑operative outcomes
Outcomes Results
Number of patients 
(percentages) shifted 
to ICU from OT

5 (7.69%) to ICU, 60 (92.30%) patients 
to ward out of 65 operated,

Number of patients 
(percentages) shifted 
to ICU from ward 

3 (4.61%)

Duration of ICU stay 
for a total of 8 patients

8.5±4.56 (4‑17 days)*

Number of patients 
(percentages) not 
extubated/extubated

3 (4.61%)/62 (95.38%)

Post‑operative 
sequelae

Total 13, (20%), Among them Pneumonia/
ARDS/pneumothorax (6 patients), 
UTI/Cystitis (3 patients), MCA 
infarct (1 patient), Bleeding from 
operative site (1 patient), MRSA and 
Septic shock (2 patients)

Reoperated patients 15 out of 65; 23.07%
Duration of surgery 2.2±0.8 (1-6.5 hours)*
Duration of hospital 
stay

10.7±6.3 (1-30 days)*

ICU ‑ Intensive care unit, ARDS ‑ Acute respiratory distress 
syndrome, MCA ‑ Middle cerebral artery, UTI ‑ Urinary tract infection, 
MRSA ‑ Methicillin‑resistant Staphylococcus aureus infection, OT ‑Operation 
theatre. *Mean±standard deviation (Range)
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admitted with acute cerebral infarct with a Glasgow 
coma scale  (GCS) score of 7/15.29  patients received 
both injection enoxaparin 40 mg subcutaneously once 
daily (OD) and tablet aspirin 150 mg OD. Twenty‑five 
patients received tablet aspirin 150 mg OD. Thirteen 
patients did not receive tablet aspirin.

Fifteen  (23.01%) patients underwent repeat 
surgeries  (orbital exenteration/maxillectomy) due to 
further spread of infection after the initial surgical 
debridement. Twelve  (17.9%) patients had an 
intracranial extension. Fourteen  (20.89%) patients 
underwent orbital exenterations. Ten patients had 
post‑operative infections (14.9%) during their hospital 
stay.

With the combined treatment of emergency radical 
surgical resection and rapid initiation of high‑dose 
antifungal therapy treatment, the mortality rate was 
reduced to 8.9% and also it decreased the duration of 
hospital stay. The mean duration of hospital stay was 
10.7 ± 6.3 (1–30 days). The mean duration of ICU stay 
was 8.5+/‑4.56 (4‑17 days).

DISCUSSION

Literature review shows that rhino‑orbital cerebral 
mucormycosis, mainly associated with COVID‑19, 
has a poor prognosis.[2,3] Historically, mucormycosis 
is associated with high mortality rates of 25%.[3] 
However, our study showed a better outcome with a 
mortality rate of 8.9%. The post‑operative outcome 
and improved survival rates in the mucormycosis 
patients in our study were influenced by aggressive 
pre‑operative risk stratification, correction of 
predisposing factors, radical surgical resection, and 
rapid initiation of high‑dose antifungal therapy.

Coronavirus has been linked to stress‑induced 
cardiomyopathy and myocardial damage; according 
to conventional protocols, a comprehensive 
cardiac examination, including echocardiography, 
is recommended before surgery.[4] Post‑COVID‑19 
individuals have been shown to have abnormal 
pulmonary function tests and symptoms of restrictive 
lung disease.[5] The risk of thromboembolic events 
linked with COVID‑19 may impact all the systems 
including the central nervous system, warranting the 
patient’s complete coagulation profile and a brain CT 
scan. Hence, the protocols and methods mentioned[6] 
needed revision and customisation as these may not 
always be feasible for COVID‑19 positive patients 

and may delay the emergency surgical debridement. 
We hastened pre‑operative optimisation and risk 
stratification for emergency surgeries by use of 
the room air saturation, arterial blood gas  (ABG) 
analysis, previous chest radiogram or high‑resolution 
computed tomography scans done during the 
patient’s past COVID‑19 illness, and simple bedside 
breath‑holding tests to assess the patient’s pulmonary 
condition. The echocardiogram was not available for 
emergency surgeries 24/7, so we used the 12‑lead 
electrocardiogram, and other clinical signs like raised 
jugular venous pressure, and pedal oedema to stratify 
the cardiac condition.

qSOFA score containing alertness  (GCS 
score  <15), respiratory rate  >20 breaths/min, 
systolic blood pressure  <90  mm of Hg; and 
SIRS score ‑   temperature  >38.30 C or  <360C, HR 
>90 beats/min, and white blood cell count  >12,000 
or  <4,000/mm3 were taken into consideration for 
pre‑operative risk assessment and admission into 
the ICU by the attending anaesthesiologists. qSIRS 
(the combined qSOFA and SIRS) can improve the 
accuracy of the individual scores in the prediction 
of mortality.[7] ASA physical status grades III and IV 
patients with qSOFA >2, and qSIRS scores >2 with 
fever, and persistent hypotension in our study were 
pre‑operatively optimised in the ICU to treat the sepsis 
and related multiple organ dysfunction syndrome. 
Arterial blood gas analysis and biochemical studies 
were performed at the appropriate juncture, depending 
upon which treatment of acidosis, electrolyte 
imbalances, and coagulation abnormalities was done 
in these patients.

Under standard anaesthetic monitoring, general 
anaesthesia was administered for all types of surgeries 
as per the post‑COVID‑19 mucormycosis guidelines.[8] 
Personal protective equipment and an intubation box 
were used for 23  patients within 14  days of being 
diagnosed as COVID‑19 positive. The intubation box 
was devised by anaesthesiologists of our institute. 
Whenever intubation of a difficult airway was 
anticipated, C‑Arm machine cover  (sterile plastic 
cover) was used to cover the head, and neck up to the 
chest of the patient. Oral intubations were performed 
as per detailed protocols to minimise the dissemination 
of respiratory droplets and aerosols.[9]

Patients who achieved spontaneous ventilation  (tidal 
volume >5 ml/kg, inspiratory pressure ≥25  cm H2O, 
vital capacity  >10  ml/kg) and maintained oxygen 
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saturation were extubated. Patients who demonstrated 
post‑anaesthetic Aldrete recovery score <9 were shifted 
to the ICU with an endotracheal tube for elective 
post‑operative ventilation.[10] They were ventilated 
according to the National Institutes of Health, National 
Heart, Lung, and Blood Institute (NIH NHLBI) therapy for 
acute respiratory distress syndrome (ARDS) mechanical 
ventilation protocol. For patients with post‑COVID‑19 
ARDS changes, lung‑protective ventilation was given 
with a tidal volume of 4‑6 ml/kg, and P plat <35 cm H20. 
Patients received ABG analysis‑guided spontaneous 
breathing trials followed by weaning and extubation. For 
patients who had the partial pressure of oxygen (PaO2), 
divided by the fraction of inspired oxygen  (FiO2)  (P/F 
Ratio) <150, prone ventilation was done according to 
the ICU protocols.

A stress dosage of corticosteroids was given to all our 
patients intraoperatively, irrespective of the history 
of corticosteroid therapy. Blood and blood product 
transfusions and intraoperative inotropes were used 
as required depending upon the extent of surgery and 
pre‑operative abnormalities in ASA physical status 
class  III and IV patients to maintain intraoperative 
haemodynamic stability.

Perioperative hyperglycaemia management was done 
according to the latest updated protocols.[11] Antifungal 
treatment was initiated early with a high dose regimen 
as per the guidelines.[12] All patients had mandatory 
renal function tests conducted on admission and 
post‑operatively on alternate days. Patients with 
amphotericin B‑related side effects like nephrotoxicity, 
hypokalaemia, uncontrolled random blood glucose 
levels, and diabetic ketoacidosis were medically managed 
stringently throughout the perioperative period.

Patients who underwent maxillectomy and orbital 
exenteration were provided with prostheses and a 
palatal obturator. Continuous follow‑up for better 
aesthetic, functional rehabilitation, and further 
psychological counselling was provided.

CONCLUSION

Superior outcomes in terms of reduced mortality in CAM 
patients can be achieved by aggressive pre‑operative 
optimisation, organised anaesthetic management, 
and careful post‑operative planning with the help of a 
dedicated CAM care group involving anaesthesiologists, 
surgeons, and intensivists. A detailed clinical examination 
with quick basic investigations, bedside tests, ABG 

analysis, and scores like qSIRS and qSOFA in those 
COVID‑19 patients in whom conventional protocolised 
tests are not possible can help for emergency CAM 
surgeries. This can reduce the time interval between the 
patient’s hospital admission and proceeding for surgery 
which can significantly improve patient recovery and 
survival rates. However, these results deserve validation 
in the context of a prospective study.
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Bilateral video-assisted 
thoracoscopic surgery in 
tracheotomised patients: E-Z 
blocker, a promising alternative
Sir,

One‑lung ventilation (OLV) in a tracheotomised patient 
is very challenging to the anaesthesiologists, especially 
if surgery is performed bilaterally. EZ‑blocker 
(Teleflex Life Sciences Ltd.; Ireland) provides an easy 
solution for OLV in sequential bilateral video‑assisted 
thoracoscopic surgery (VATS). Informed consent from 
the patient was obtained for possible publication.

A 78‑year‑old, post‑coronavirus disease 2019 
(COVID‑19), tracheotomised patient was admitted 
to the intensive care unit  (ICU) for 7  months. He 
was also a known case of CKD  (chronic kidney 
disease), DM  (diabetic mellitus) and IHD  (ischaemic 
heart disease) with an ejection fraction of 20%. He 
was on mechanical ventilation with high oxygen 
and noradrenaline support. During his ICU course, 
he developed an episode of ventilator‑associated 
pneumonia  (VAP) and acute kidney injury for 
which he underwent dialysis twice. He had two 
episodes of cardiac arrest during the ICU course. 
High‑resolution computed tomography  (HRCT) of 
the chest revealed empyema and collapse on both 
sides of the lung. The patient was posted for bilateral 
VATS for lung decortication. After the application of 
routine American Society of Anesthesiologists  (ASA) 
monitoring, the patient was induced with injections of 
fentanyl 2 µg/kg, etomidate 0.2 mg/kg and rocuronium 
0.8  mg/kg. After induction, a multiport adaptor 
was connected to the tracheostomy tube. With the 
help of a 3.7  mm internal diameter  (ID) fibre‑optic 
bronchoscope  (FOB), the EZ‑blocker was anchored 
at the carina and its extensions into the right and 
left main bronchus  [Figure  1]. Sequential OLV was 
achieved by inflating the left and right cuff. The total 
time taken for EZ‑blocker insertion was 3  min. The 
condition of lung collapse was satisfactory during the 
procedure. The surgery took 210 min. At the end of the 
surgical procedure, the EZ‑blocker was removed and 
the patient was shifted to the ICU.

Devices available for OLV include a double‑lumen 
tube  (DLT), bronchial blocker  (BB) and uninvent 
tube. DLT is the most commonly used device for 

OLV in the normal airway, but it is difficult to place 
in a tracheotomised patient due to rigidness and 
its high probability of causing airway trauma and 
bleeding.[1,2] The use of a shorter version of DLT in 
the tracheotomised patient has been reported in the 
literature.

BB is the most commonly used device for OLV in a 
tracheotomised patient, but it is difficult to position, 
has limited suction ability, and gets frequently 
dislodged during surgical manipulation and patient 
positioning.[3] There is also a need for repositioning to 
the opposite side in case of bilateral procedures.

EZ-Blocker (Teleflex Life Sciences Ltd., Athlone, Ireland) 
(EZB) is a 7 French, 75  cm long, 4‑lumen, Y‑shaped 
semi‑rigid endobronchial catheter, that can be placed 
either via a single‑lumen tube (SLT) or tracheostomy 
tube under the FOB guidance [Figure 2].[4] Its unique 
shape allows it to fit at the carina with two distal ends 
into the left and the right mainstream bronchi, making 
it less prone to dislodgement, especially during surgical 
manipulations and patient positioning. Both  its distal 
ends have colour coded inflatable cuffs which can be 
inflated by two independent pilot balloons,  and by 
inflating the cuff on the selected side, we can block the  
bronchus of that side to achieve OLV.

A study reported that EZ‑blocker is comparable to DLT 
in terms of quality of lung deflation and causes less 
trauma and sore throat than DLT.[5] A retrospective 
analysis of 100 patients undergoing thoracic surgery 
concluded that the EZ‑blocker is an efficient, 
easy‑to‑use and safe airway device for OLV especially 
when DLT insertion is difficult.[6]

Letters to Editor

Figure 1: EZ-blocker anchored at the carina and its extensions into 
the right and left main bronchus
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In our patient, who had a high oxygen requirement, 
removal of the tracheostomy tube and oral insertion 
of DLT would have led to hypoxia. EZ‑blocker is the 
only available adjunct that provides sequential OLV 
for bilateral VATS without the need for repositioning 
during the intraoperative period. EZ‑blocker is a 
simple and easy method of achieving OLV.
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Anaesthetic challenges in 
staged correction of Andy Gump 
deformity in a young girl with 
severe obstructive sleep apnoea

Sir,

Patients with Andy Gump deformity have the 
appearance of absent chin due to an anterior 
mandibular defect with an extremely retrognathic 
mandible.[1,2] No report of congenital Andy Gump 
deformity is available to the best of our knowledge. 
Andy Gump is a famous cartoon character, in a popular 
comic strip, The Gumps, published in the American 
newspapers. He was depicted to be chinless with an 
oversized moustache, prominent nose, bald head and 
his mouth appeared as a small hole in his neck.[1]

A 15‑year‑old girl presented with snoring, difficulty 
in eating and inability to open mouth since she 
was an infant. She was found to have bilateral 
congenital temporomandibular joint (TMJ) ankylosis 
with micrognathia, hypoplastic and retrognathic 
mandible  [Figure  1]. She was labelled as having 
congenital Andy Gump deformity and planned 
for staged reconstruction. Initial stage involved 
mandibular osteotomy and bilateral placement of 
mandibular distractors. Interpositional arthroplasty, 
condylectomy and coronoidectomy, removal of 
distractors was for the second stage.

At her first surgery, she weighed 27 kilograms with nil 
mouth opening and difficulty in speaking. Her heart 
rate was 126/minute with a systolic murmur. She had 
haemoglobin of 10 gm/dl and sinus tachycardia. Mitral 
valve prolapse was observed on echocardiography with 
eccentric mitral regurgitation (MR), mild tricuspid 
regurgitation (TR) and a pulmonary arterial systolic 

pressure (PASP) of 34 mm Hg. On polysomnography, 
apnoea-hypopnoea index was 35.7 [suggestive of 
severe obstructive sleep apnoea (OSA)], and minimum  
peripheral oxygen saturation (SpO2) during sleep was 
78% (for 14 seconds).

In view of nil mouth opening, fibreoptic 
bronchoscope‑guided nasal intubation was performed 
with dexmedetomidine sedation  (1  µg/kg loading 
dose over  10  minutes followed by 0.5  µg/kg/h) and 
spray‑as‑you‑go with 2% lignocaine (3 ml). Thereafter, 
standard induction and maintenance of anaesthesia 
was done. Intraoperative course was uneventful and 
in view of severe OSA and prolonged surgery, she 
was electively ventilated overnight in an intensive 
care unit  (ICU) and extubated the next day. The 
postoperative course was smooth and she was 
discharged after 7 days.

Second surgery was done six months later. Now she 
weighed 33 kilograms and had no mouth opening. Her 
heart rate was 96/minute and PASP was 30 mm  Hg. 
Polysomnography findings had improved drastically 
with an apnoea-hypopnoea index of 2.1  (No OSA), 
minimum SpO2 during sleep was 85%. As before, 
fibreoptic bronchoscope‑guided nasal intubation 
was performed with dexmedetomidine sedation. 
Intraoperative course was uneventful, and a mouth 
opening of one and a half fingers was achieved 
postoperatively. The patient was extubated in the 
operating room at the end of the surgical procedure. 
She was subsequently discharged from the hospital 
after 10  days. On follow‑up, the patient was doing 
well with improved nourishment, had joined school 
and had no snoring while asleep.

Airway management challenges due to TMJ 
ankyloses are further complicated by associated 
co‑morbidities.[3,4] Children who have congenital TMJ 
ankylosis or develop it before the age of 5  years are 
more prone to develop facial deformities.[5] Due to 

Figure 1: (a) Clinical appearance; (b) three-dimensional radiological image; (c) lateral x-ray
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delayed surgery, our patient has severe retrognathia 
and hypoplastic mandible, characteristic of Andy 
Gump deformity.

The two‑staged correction had different set of 
challenges before each surgery. Initially, she was 
malnourished and the airway scenario was difficult 
with severe OSA. Six months later, though she still 
had nil mouth opening, she had gained weight with 
relief in OSA and could be extubated safely after 
surgical procedure.

A proper assessment of patient with due attention 
to the inherent challenges is the key to successful 
management of patients with rare disorders. Andy 
Gump deformity has the classic triad of Pierre‑Robin 
syndrome (PRS). In contrast to Andy Gump, PRS is 
most associated with cleft palate (80%) and shows 
familial association. Also, children with PRS usually 
get better symptomatically with conservative 
management (rarely definitive surgery is required) by 
the age of 2 years, as the structures attain maturity. 
Although facial morphology might remain altered, 
respiratory issues and feeding resolve with time.[6]

In conclusion, we wish to highlight that information 
related to rare disorders like Andy Gump deformity 
should be shared to assist future caregivers in 
planning their actions. Also, for the staged surgical 
procedures, factors pertaining to each stage should be 
appropriately addressed.
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Femoral peripherally inserted 
central catheter in superior vena 
cava syndrome ‑ Challenges of 
tunnelling

Sir,

Peripherally inserted central catheters  (PICCs) are 
long‑term vascular access devices commonly used 
for delivering chemotherapy, antibiotics or parenteral 
nutrition. PICCs are placed under ultrasound guidance 
in deep arm veins and the tip is placed in the lower third 
of the superior vena cava (SVC).[1] In SVC obstruction 
syndrome, the upper extremity is best avoided for 
vascular access due to raised venous pressures.[2] We 
describe the placement technique of femoral tunnelled 
PICC in a patient with SVC syndrome.

An 18‑year‑old female diagnosed with mediastinal 
B‑cell non‑Hodgkin lymphoma with SVC syndrome 
was referred to us for PICC placement to initiate 
chemotherapy. She complained of breathlessness 
at rest and facial swelling. She had a heart rate of 
110/min, blood pressure of 100/60 mmHg, respiratory 
rate around 30/min and oxygen saturation  (SpO2)  
of 94% on room air. Her positron emission 
tomography‑computed tomography  (PET CT) scan 
showed bilateral internal jugular vein and SVC 
thrombosis secondary to her mediastinal tumour. 
A  femoral PICC line with tunnelling superiorly to 
the inferolateral part of the abdomen under local 
anaesthesia was decided. The patient was counselled 
and consent for the same was taken. The patient was 
placed in a 30° propped up position with oxygen 
supplementation. An open‑ended, 60 cm, single 
lumen 5 Fr PICC ( BARD (POLY PER‑Q‑CATH)® (Bard 
Access Systems, Inc., Salt Lake City, UT 84116 USA) 
was selected for a femoral vein size of 9.8 mm. Under 
aseptic precautions, the tentative route for tunnelling 
with an exit point on the inferolateral part of the 
abdomen was marked and local anaesthetic infiltration 
was done. Tunnelling was done in a stepwise 
sequential manner from the exit point till the catheter 
was brought near the femoral vein puncture point. 
The patient was made supine for tunnelling around 
the groin and immediately propped up again. Care 
was taken to avoid the superficial branches of inferior 
epigastric vessels using ultrasound. The stepwise 
tunnelling included passing the puncture needle 

through the desired tract followed by a dilator sheath 
over the guidewire [Figure 1a]. Then the dilator and 
guidewire were removed and the catheter was passed 
through the sheath [Figure 1b]. This was sequentially 
repeated thrice along the desired tunnelling route 
till the catheter reached the desired puncture point 
over the femoral vein. Then, an ultrasound‑guided 
femoral vein puncture was done and PICC was 
inserted using the modified Seldinger technique. 
Fluoroscopy was used to avoid kinking of PICC in the 
groin and confirm correct tip placement just inferior 
to the diaphragm. Figure 2 depicts the final position 
of PICC. There was no cardiorespiratory worsening, 
bleeding or haematoma formation at the PICC site. 
On the fourteenth day post‑procedure, the patient 
succumbed to the disease. There were no delayed 
complications like occlusion or local infection related 
to the PICC.

Femoral venous access is a suitable option in patients 
with SVC syndrome.[3] No specific product is marketed 
for femoral PICC, but there are reports of its off‑label 
use.[4] There is a paucity of literature on tunnelling 
techniques for femoral PICCs. Literature has references 
of lower extremity PICCs placed without tunnelling 
with an exit point in the mid‑thigh area.[4,5] We chose 
tunnelling superiorly towards the abdominal wall, due 
to the cultural and dressing preferences in our country. 
Indian dressing style, e.g.,  saree, pyjama has better 
access to umbilical than mid‑thigh region. A  major 
limitation for tunnelling PICCs is that tunnelling 
equipment is not available with the kit. We have earlier 
used the chemoport tunneller for tunnelling femoral 
PICC line.[6] But such equipment may not be available 

Figure 1: Steps of tunnelling femoral PICC depicting use of dilator 
sheath on guidewire (a) followed by passage of PICC through the 
sheath (b)
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every time and also in non‑oncological set‑ups. Hence, 
we devised this indigenous technique of sequentially 
stepwise tunnelling PICCs for longer distances as in 
this case. The limitation of tunnelling is the need for 
an extra length of PICC that should be verified before 
use.

To conclude, tunnelling of femoral PICC line can be 
safely done with equipment available in the PICC kit 
for patients with SVC syndrome.
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Ogilvie's syndrome as a 
post‑operative complication 
following craniotomy: A case 
report and literature review

Sir,

Acute  colonic pseudo‑obstruction or Ogilvie’s 
syndrome (OS) is a rare condition characterised 
by dilatation of the caecum and colon in absence 
of any mechanical obstruction.[1] It occurs in 
0.22% to 7% of patients undergoing surgery, with 
a mortality of up to 46%.[2] The patients who 
have undergone organ transplant, orthopaedic, 
gynaecologic, and urologic surgeries are prone 
to developing OS.[1,2] Additionally, patients with 
metabolic derangement and those suffering from 
respiratory, neurological, and cardiovascular 
illnesses are also prone to develop OS.[3] Urgent 
colonoscopy/water‑soluble contrast enema or 
non‑contrast computed tomography  (NCCT) 
abdomen are required to confirm the absence of any 
mechanical obstruction.[2,3] On literature search, we 
found a few reports on the occurrence of OS in the 
post‑operative period. However, the occurrence of 
the OS after recovery from craniotomy has not been 
reported yet. Here, we report the first case of OS in 
the post‑craniotomy period.

A 72‑year‑old male with no known comorbidities 
was operated for high‑grade glioma of size 
6.4 × 6.9 × 6.8 cm on computed tomography (CT) 
imaging involving bilateral frontal lobes. The 
patient underwent an uneventful left frontotemporal 
craniotomy under general anaesthesia. Post‑surgery, 
the patient was shifted to intensive care unit (ICU) for 
elective mechanical ventilation and was extubated 
the next morning with no neurological deficit. The 
patient complained of constipation on the  4th day 
and developed abdominal distension on the  7th day 
of  the post‑surgery period. Patient was not receiving 
any drugs like anticholinergics, opioids, steroids 
and calcium channel blocker. On examination, 
the abdomen was soft but tender on palpation; 
bowel sounds were present with no guarding or 
rigidity. On digital rectal examination, semi‑solid 
well‑formed stools were present. Electrolytes 

and urine output were within normal limits. CT 
abdomen was done which showed dilatation of 
caecum and colon with no features suggestive of 
mechanical obstruction  [Figure  1]. As there were 
no features of bowel perforation/peritonitis, the 
diagnosis of OS was made out of exclusion as the 
dilatation was 8 cm (<12 cm). The patient was kept 
nil orally and with  the continuous aspiration of the 
stomach contents by nasogastric tube. Intravenous 
(IV) neostigmine 2.5 mg was given over  3  min 
slowly. The same dose was repeated after 10  min 
due to the absence of improvement. The patient was 
relieved of pain, passed flatus and stool, abdominal 
girth decreased and was comfortable.

Massive abdominal dilatation, nausea, vomiting 
and constipation is the foremost feature of OS. 
These patients present on 2nd  to 5th  day of the 
post‑surgery period. Caecal perforation is a potential 
complication, if the diameter of the colon is >14 cm.[4] 
To our knowledge, OS has not been reported in the 
post‑craniotomy patient. It is postulated that prolonged 
immobilisation may be a contributory factor for the 
development of OS, and the same may prove to be a 
risk factor in neurosurgery patients.

Management is based on available case reports. 
Whenever CT scan is not available for diagnosis, 
ultrasound and X‑ray can be helpful. After excluding 
any identifiable underlying cause, IV neostigmine 
2.5mg is given over 3 min.[4,5] If the first dose fails to give 
relief, a repeat dose is advisable. Close monitoring in 
the ICU is required during neostigmine administration 
because of the potential side effects of bradycardia, 
hypotension and bronchospasm. If the above 
management fails to ease the colonic distention, urgent 
decompression by doing caecostomy or by colonoscopy 

Figure  1: Non-contrast computed tomography image of abdomen 
showing dilatation of caecum and colon
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or right colon resection is advisable to prevent dreaded 
complications like perforation of gut. There have also 
been case reports of neostigmine refractory OS which 
showed dramatic improvement with methylnaltrexone 
within 2 hours of administration.[6] Early recognition 
and treatment may prevent significant morbidity 
and mortality. Preventive blueprints like following 
enhanced recovery after surgery (ERAS) protocol, 
careful surveillance of caecum diameter and early 
post‑operative mobilisation may decrease the 
occurrence.

Even though it is a rare diagnosis, a high index of 
suspicion should be maintained. Reporting such 
cases is important to avoid missing the diagnosis. It 
is therefore important for the intensivist to be aware 
of this condition, to recognise the presenting feature 
following craniotomy.
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Management of robotic partial 
nephrectomy in a patient with 
myasthenia gravis: General 
anaesthesia sans neuromuscular 
blocking agent

Sir,

Administering safe general anaesthesia in patients 
with myasthenia gravis  (MG) continues to remain a 
challenge. Patients with MG are best managed without 
using neuromuscular blocking agents (NMBAs) and 
early resumption of physical activity.[1] Conducting 
robotic surgery in patients with MG is a challenge 
due to the requirement of prolonged anaesthetic to 
carry out the surgeries. Robotic surgeries fast track 
postoperative recovery and patient well‑being.[2] A 
65‑year‑old male with symptomatic MG of grade  IIB 
for the past 2 years presented incidentally with a left 
renal mass requiring partial nephrectomy. He also 
had hypertension and bronchial asthma, which were 
under control. The patient was on tab pyridostigmine 
60  mg twice daily and tab azathioprine 50  mg once 
daily. He weighed 75  kg, and the body mass index 
was 24.9. The anaesthetic plan was to use inhalation 
anaesthesia to facilitate endotracheal intubation and 
allow mechanical ventilation; supplemental thoracic 
epidural anaesthesia to provide intraoperative 
analgesia and muscle relaxation. On arrival of the 
patient in the operating room, standard monitoring 
commenced. A 16 G epidural catheter was inserted at 
T10‑T11 interspace, and epidural block was initiated. 
Bispectral index monitoring was used to monitor the 
anaesthetic depth. The patient was pre‑oxygenated 
with 100% oxygen for 3–5 min. Basal train of four was 
recorded to be 100%. Induction of general anaesthesia 
was done with intravenous fentanyl  (200  µg), 

midazolam 2  mg and propofol. The patient was 
undergoing mechanically assisted ventilation 
with a fractional inspired oxygen concentration 
(FiO2) of 1.0 and sevoflurane 2 to 3%; tracheal 
intubation with 8.5  mm endotracheal tube  (ETT) 
was performed, without administering any NMBA. 
Assisted mechanical ventilation was continued using 
synchronised intermittent mandatory ventilation using 
50% oxygen in air and sevoflurane. End‑tidal CO2 was 
maintained between 30 and 40 mmHg. Normothermia 
was maintained. Intra‑operatively anaesthesia was 
maintained using sevoflurane and fentanyl. Epidural 
infusion of 8 mL of ropivacaine 0.2% was continued. 
Intra‑operatively patient parameters were well 
maintained [Table  1]. The surgery lasted 140  min. 
The patient was extubated 30  min after awakening. 
Post‑operatively, patient did well and was discharged 
on the third day.

Robotic‑assisted surgeries pose challenges to the 
anaesthesiologists: longer duration of surgery, 
requirement of absolute immobilisation, remote 
access to the patient, possible intraoperative fluid and 
temperature imbalance. Advancements in the depth 
of anaesthesia monitoring and immaculately assisted 
ventilation on modern anaesthesia workstations have 
made it possible to practice such difficult anaesthesia. 
Several modalities such as regional blocks, general 
anaesthesia without NMBAs and general anaesthesia 
with minimal/no NMBAs have been successfully 
used.[3,4] In the literature, anaesthesia for robotic 
surgery in patients with MG is sparse. Our report would 
encourage anaesthesiologists to adopt this technique 
without compromising patient safety and surgical 
comfort. Dexmedetomidine infusion has been shown 
to decrease the anaesthetic use.[5] Total intravenous 
anaesthesia combined with thoracic epidural 
anaesthesia has successfully been used in patients 
with MG undergoing thymectomy.[6] Supraglottic 
airway device has been used to administer minimal 
invasive anaesthesia.[7] We present here the anaesthetic 

Table 1: Parameters measured during surgery
Time in minutes Basal 5 10 15 30 45 60 90 120 160
Hear rate (beats per minute) 68 80 70 71 69 68 67 70 69 85
Blood pressure (mmHg) 130/80 126/78 120/74 116/70 110/66 122/70 118/76 119/75 125/80 134/86
End-tidal carbon dioxide (mm Hg) NA 35 37 39 40 41 39 38 39 36
Central venous pressure (cm H2O) 6 10 9 11 10 12 11 10 10 11
Urine output NA 90 100 75 80 75 90 100 120 100
Temperature (°C) NA 36.5 36.3 36.3 36.2 36.1 36.0 35.9 35.9 36.1
Intraabdominal pressure (cm H2O) NA 13 12 12 12 13 12 13 12 12
Bispectral index NA 50 46 45 48 45 45 47 48 47
Train of four  100% 100% 98% 97% 99% 97% 96% 98% 99% 00%
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management without NMBA of a patient with MG, 
who additionally had comorbidities requiring robotic 
nephrectomy. This report is to highlight the feasibility 
of robotic surgeries in patients with MG.
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