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A call for anaesthesia from the gastrointestinal (GI) 
endoscopy suite always stirs up anxiety even in the 
most experienced anesthesiologist. This is mainly due to 
the hassles of non‑operating room anaesthesia (NORA) 
including the inadequacy of resuscitation and airway‑related 
equipment, monitoring devices, drugs, trained personnel, 
unfamiliar surroundings and non‑availability of 
immediate help.[1] Secondly, the presence of liver disease 
and its associated features like ascites, coagulopathy, 
bleeding disorders, hypoproteinaemia and anaemia can 
produce huge physiological disturbances of concern to 
the anaesthesiologist. Comorbidities such as diabetes 
mellitus, hypertension, conservatively treated ischaemic 
heart disease on medication, obesity and obstructive 
sleep apnoea are not uncommon in patients undergoing 
endoscope‑guided intragastric balloon insertion. The 
anaesthesiologist also has to share the airway with the 
endoscopist, face the challenges of intubation with 
the gastroscope in situ and the risk of variceal bleeding 
in some patients. Nevertheless, nowadays, the number of 
patients presenting for upper GI endoscopic procedures 
is on the rise and there is a wide variety of procedures 
which range from minor procedures to major procedures 
such as endoscopic‑retrograde cholangiopancreatography 
(ERCP), endoscopic ultrasound (EUS) and spyglass 
cholangioscopy.

AN ASSORTMENT OF TECHNIQUES TO CHOOSE

Studies have shown that general anaesthesia  (GA) 

with endotracheal intubation is associated with both 
advantages and disadvantages. The advantages 
include a better safety profile, lower perforation rates 
and lesser risk of coughing. Nevertheless, most major 
GI endoscopic procedures are performed under deep 
sedation.[2‑4] Deeper sedation, on the one hand, facilitates 
the endoscopist to perform difficult procedures with ease, 
improves patient comfort and decreases the chances of 
awareness; however, on the other hand, it increases 
the risk of airway complications.[5,6] Nonetheless, the 
popularity of propofol‑mediated deep sedation is 
increasing, and deep sedation without intubation is most 
commonly used for upper GI endoscopy.[7]

In a randomised controlled trial, general endotracheal 
anaesthesia was found to be associated with a 
significantly lower incidence of sedation‑related adverse 
events in patients at high risk for sedation‑related adverse 
events undergoing ERCP.[4] In another study, it was 
found that for patients undergoing an ERCP requiring 
GA with intubation, the target‑controlled infusion (TCI) 
technique when compared to the standard volatile 
anaesthesia technique allows better optimisation of GA 
with lesser peri‑operative complications and shorter 
extubation time.[8]

PATIENT POSITION DURING ORAL GASTRIC 
ENDOSCOPY: ADDING FUEL TO THE FIRE !

Procedures such as ERCP, EUS and spyglass 
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cholangioscopy require the semi‑prone or prone 
position, adding to the anaesthesiologist’s woes. 
These positions prevent airway collapse by exerting 
gravitational forces and the inserted gastroscope 
itself acts as a mechanical stent of the airway, thus 
preventing its collapse.

Yet, studies have reported difficult mask ventilation 
in 9–20% of the patients in the semi‑prone/
lateral position.[9,10] Gentle insertion of a standard 
laryngoscope, too, becomes difficult in the lateral/
semi‑prone position due to distortion in the airway 
anatomy. Desaturation during upper GI endoscopy 
can occur, and during such times, simple manoeuvres 
such as neck extension, jaw thrust, chin lift, 
positive‑pressure ventilation using continuous positive 
airway pressure  (CPAP) and newer oxygenation 
devices such as a high‑flow nasal cannula  (HFNC) 
may also be used.[11,12] Face masks like the endoscopy 
mask, gastro‑laryngeal tubes, bite blocks, Hague 
airways, safety guards, and nasopharyngeal airways 
are airway devices that have been tried in relieving 
airway obstruction and maintaining the airway during 
upper GI endoscopy.[7]

Emergency intubation in the prone position may be 
required many a time, especially during spine surgery/
endoscopy, and at such times, many techniques 
have been tried. Fibre‑optic bronchoscopy has been 
used for this purpose in the lateral position in a 
child with temporomandibular joint ankylosis.[10] 
Gastroscope‑guided bougie insertion into the trachea 
followed by endotracheal intubation has also been 
described in the semi‑prone/lateral position.[13]

In an observational study, blind intubation through 
i‑gel was found to have a success rate of 36% 
and not clinically acceptable.[14] In a randomised 
crossover mannequin study that compared the 
airway rescue performance in the prone position 
of three airway devices, the success rates with the 
proseal laryngeal mask airway  (100%) and Pentax 
AWS videolaryngoscope  (100%) were significantly 
greater than that with a McGrath video‑laryngoscope 
(71.4%).[15]

In a randomised controlled study published in this 
issue of the Indian Journal of Anaesthesia  (IJA), 
88 patients with no predicted difficulty in intubation 
and who were undergoing ERCP were intubated in the 
supine or the semi‑prone position. The authors found 
the success rate of endotracheal intubation in the left 

semi‑prone position  (97.7%) to be comparable with 
that in the supine position (95.5%).[16]

LARYNGEAL MASK AIRWAY (LMA) GASTRO: 
THE NEW AIRWAY ANTHEM FOR UPPER GI 
ENDOSCOPY?

LMA®GastroTM, a second‑generation magnetic resonance 
imaging (MRI) safe supraglottic device, is now making 
its mark in anaesthesia and sedation for upper GI 
endoscopy. It has independent channels for both 
standard endoscope insertion and for oxygenation.[17]

Few prospective observational and retrospective 
studies have reported a high success rate for ERCP 
completion (98%) along with a high insertion success 
rate (99%) for this device.[18,19] Some studies have 
reported excellent feasibility of the LMA®GastroTM 
airway for advanced endoscopies in high risk patients, 
an endoscopist satisfaction of 90%, and the occurrence 
of only minor intraoperative complications  with the 
use of this device.[20,21]

In contrast, Paul Zilberman and colleagues encountered 
difficulty in passing the gastroscope through the 
gastro‑channel of the LMA®GastroTM airway due to 
negligible size difference between the internal and outer 
diameter of the LMA and endoscope, respectively.[22] 
They suggested making a U‑shaped cut on the gastric 
channel of the endoscope to resolve this issue. However, 
this arrangement has been questioned in an article in 
a previous issue of the IJA, wherein the authors have 
suggested design modifications of the device such as a 
wider gastro‑channel, reinforcement of the distal end of 
the LMA®GastroTM airway to reduce compression by the 
inflated cuff and making the distal tip more oblong.[23]

In a recently conducted prospective observational 
study, the researchers found that LMA Gastro had a 
higher oropharyngeal leak pressure than the gastro‑ 
laryngeal tube; however, endoscopist satisfaction was 
better with the gastro‑laryngeal tube.[24]

A FERTILE AREA FOR INNOVATION AND RESEARCH

Patient safety during GI endoscopy is of utmost 
importance, and hence, improvement in respiratory 
monitoring during upper GI endoscopy and ERCP is 
another long‑felt clinical need. Nonetheless, in an 
attempt to find a technique superior to pulse oximetry, 
non‑invasive techniques such as EtCO2 monitoring, 
impedance monitoring for breathing patterns, infrared 
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thermography for respiratory rate, oxygen reserve 
index and acoustic respiratory monitoring have been 
tried and researched.[7,25,26]

The steady upcoming of newer airway and monitoring 
devices entails that the journey in search of a 
reliable and safe airway device for optimum airway 
management during upper GI endoscopy and ERCP 
still continues. Will the LMA Gastro become the new 
airway mantra (formula) for upper GI endoscopy? Will 
propofol sedation continue to remain the favourite 
of anaesthesiologists and endoscopists for ERCP? 
Only time can decide this; nonetheless, clinical trials 
including randomised controlled trials on this topic 
are currently being conducted in different parts of the 
world.

Innovations and modifications in existing airway 
devices are taking place, and the battle is now only 
half won. Guidelines by national and international 
bodies on sedation during endoscopy have been 
published from time to time. The recently published 
clinical practice guidelines for endoscopic sedation 
have recommended  (grade  II recommendation) that 
the physician and the assisting healthcare staff who 
administer the sedation should be trained in basic 
life support to deal with fatal sedation‑related adverse 
events. Other recommendations include equipping 
the endoscopy suite with drugs and equipment for 
emergency resuscitation, pre‑procedure assessment of 
the patient’s age, body mass index, Mallampati score, 
American Society of Anesthesiologists physical status 
score and a reduction of drug doses, both initial and 
later doses in the older patient.[27] However, Indian 
guidelines in this context are awaited. Also, there 
is a need to have separate guidelines for minor and 
major upper GI endoscopic procedures, including 
recommendations for airway management. That 
means that research on this topic and the search for 
the right airway device has to go on.
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INTRODUCTION

Oral and intranasal routes for procedural sedation 
in children undergoing diagnostic procedures like 
computed tomography (CT) scan, magnetic resonance 
imaging (MRI),[1] ophthalmic examination,[2] sedated 
auditory brainstem response[3] and transoesophageal 
echocardiography[4] are established and acceptable 
alternatives to injection. These routes are convenient 
for paediatric cancer patients undergoing 
radiation treatment  (RT), as these children have 
poor performance status, are traumatised due to 
diagnostic and therapeutic procedures, and suffer 
from fear of injections. Sedation in these patients 
offers unique challenges as the child has to be 
still for accurate delivery of RT, monitoring of the 

remotely located child is difficult, and sedation is 
repeated over days.

Oral midazolam and ketamine combination is a 
method of procedural sedation used in radiology 
and the radiation suite.[5] It is used in our institute 
for children undergoing fractionated RT courses 
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for cancer. Although oral midazolam has good oral 
bioavailability and excellent anxiolysis, the distinct 
bad taste, associated with post‑procedural delirium, 
restlessness, cognitive impairment and respiratory 
depression, limit its use. Oral ketamine  produces 
a state of sedation, dissociative anaesthesia and 
analgesia, sometimes accompanied by emesis and 
emergence delirium. Combining midazolam with 
ketamine is supposed to increase the efficacy and 
minimise the adverse effects; however, this is not 
without side effects and failures. Other drawbacks 
relevant to the situation include unreliable absorption 
and vomiting, leading to unpredictable responses and 
neurotoxicity due to repeated use of these drugs for 
the course of fractionated RT.[6]

Dexmedetomidine is a sedative and analgesic that 
produces a natural sleep‑like state with smooth 
arousal.[7] Intranasal dexmedetomidine has been 
safely and effectively used in procedural sedation in 
CT scans, MRI with predictable results.[1] It is also 
considered a safe drug in ill patients and is preferred 
due to its neuroprotective effect.[8] There has been 
no study on intranasal dexmedetomidine as a sole 
agent for repetitive sedation in children. Hence, we 
conducted this study to compare the sedation effects 
of dexmedetomidine with midazolam and ketamine 
combinations in oncology patients. We hypothesised 
that intranasal dexmedetomidine will produce 
better sedation than the oral midazolam–ketamine 
combination and will be a safe alternative to the latter 
in paediatric cancer patients during the fractionated 
RT course. The primary outcome was to note the 
incidence of patients who could lie still in the radiation 
suite and successfully undergo RT in successive serial 
radiation exposures. The secondary outcome was to 
determine the sedation score achieved, medication 
acceptance score, time to satisfactory sedation and 
discharge from the hospital, the requirement of rescue 
sedative and any untoward side effects.

METHODS

Children who were planned for RT underwent routine 
physical examinations and investigations once the 
radiation protocol was advised. Children of American 
Society of Anesthesiologists (ASA) physical classes 
I, II and III, aged between 3 and 6  years, planned 
for RT were included in the study. Each RT session 
takes about 5–10 min, and the number of sessions or 
fractionated treatments of each RT varies. In our study, 
we included those who received at least 21 sessions. 

Children with upper respiratory tract infections, 
obstructive airway conditions, congenital heart 
disease, any other systemic disease other than cancer, 
allergy to study drugs and refusal to participate were 
excluded from the study.

The parent or the caretaker of the child was explained 
the procedure in the local language; after they 
understood the purpose, methodology, associated 
risks and benefits of the study, written consent was 
obtained and the study was carried out. A  fasting 
protocol was followed before children were taken up 
for sedation in the radiotherapy holding area.

The study was a prospective randomised controlled 
trial conducted in a tertiary cancer hospital 
between October 2020 and February 2022. After 
obtaining institutional ethics committee permission 
(133‑IEC‑AHRCC dated 02.07.2020), the trial 
was registered in the Clinical Trial Registry of 
India (CTRI/2020/09/027579). Ninety eligible children 
were randomised into two equal groups, group D and 
group MK, using a computer‑generated table of random 
numbers and allocated into the groups through sealed 
opaque envelopes.

Patients in group D received 2 µg/kg of dexmedeto 
midine (dextomid® 100 μg/ml, Neon Lab, India) 
intranasally and oral honey, and those in group  MK 
received intranasal 1  ml of saline and 0.2  mg/kg 
midazolam (Mezolam® 5 mg/ml Neon Lab, India) with 
5 mg/kg ketamine (Aneket® 50 mg/ml Neon Lab, India) 
mixed with honey orally. Intranasal dexmedetomidine 
was prepared as per the calculated dose of the 
individual child by adding normal saline to make the 
volume 1  ml in the tuberculin syringe. Study drug 
preparation was carried out by an anaesthesiologist 
not involved in administration, assessment, data 
collection or the subsequent study. In both groups, 
0.5  ml of the drug was deposited into each nostril 
equally while the child was held on the parent’s 
lap in the preprocedural holding area. The blood 
pressure  (BP), heart rate  (HR), respiratory rate  (RR) 
and oxygen saturation (SpO2) were monitored at 5‑min 
intervals. The child’s acceptance of medication was 
graded using a 4‑point Likert scale; 1: excellent – child 
accepted the premedication easily; 2: good  –  child 
complained but then accepted the medication; 3: 
average  –  child complained, initially uncooperative, 
but eventually accepted medication; 4: poor  –  child 
refused medication. The depth of sedation was assessed 
using the Ramsay Sedation Scale (RSS).[9] A minimum 
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RSS score of 3 was required to ensure motionless 
conditions or acceptable sedation.[10] Assessment 
of sedation was done every 5  min by the observer 
using the RSS score and continuous monitoring by 
parents who reported when the child did not respond 
to command. The parents were allowed to hold their 
child on the RT couch and lay the child on the couch. 
The sedation level was reassessed. Children who lay 
still on the RT couch underwent RT; those who moved 
or were uncooperative, after 5–10 min were allowed to 
achieve a deeper sedation level. Children who could 
not be sedated after 20–30 min of drug administration 
received rescue sedation. This was administered as 
intravenous  (IV) ketamine at 1  mg/kg, and a further 
top‑up of 0.5 mg/kg IV was repeated if the patient 
moved. Physiological monitoring continued every 
5  min till the patient attained an Aldrete score 
of 9 or more to be discharged. All patients were 
supplemented with oxygen via nasal prongs. The HR 
and BP were below 20% of the normal boundary of 
the age‑specific normal range and were planned to be 
treated with atropine or ephedrine and fluids.[11] Other 
side effects like oxygen desaturation, vomiting and 
emergence delirium were noted. Emergence delirium 
was assessed by the 4‑point Watcha behaviour scale; 
1 – calm, 2 – crying, but can be consoled, 3 – crying, 
cannot be consoled and 4  –  agitated and thrashing 
around. Emergence delirium was defined on a scale of 
3 and 4.[12] For intragroup and intergroup comparison, 
the 21 sessions of fractionated RT were divided into 
three subgroups of seven consecutive radiation 
exposures, 1–7, 8–14 and 15–21.

We did an initial pilot study of 30 children, with 
15 in each group who received either intranasal 
dexmedetomidine or oral midazolam–ketamine 
combination. The number of children who could 
complete initial RT was 12  (80%) in group  D and 
7  (46.6%) in the MK group. To keep a significant 
difference between the two groups with an alpha 
error of 5% and power of study of 90%, the estimated 
sample was calculated to be 42 in each group. 
Anticipating drop outs, we took 45 in each group. All 
data were entered and analysed using International 
Business Machines, Statistical Package for the Social 
Sciences (IBM, SPSS) version 21 (IBM Corp; Armonk, 
New  York) for windows 2010. The Shapiro–Wilk 
normality test was used to assess the distribution of 
the continuous variable. Comparison of nonparametric 
data was done by the Mann–Whitney U test, and for 
normally distributed data, the Student’s t‑test was 
employed. The Friedman test was used for intragroup 

repetitive analysis of categorical values, and the 
Kruskal–Wallis test was used for intergroup analysis. 
Categorical values were expressed as frequencies or 
percentages and compared by the Chi‑square test.

RESULTS

The study included 90  patients, and everyone 
completed the study [Figure 1].

The demographic data included age, gender, ASA 
physical status and disease type and were comparable 
between the two groups  [Table  1]. The incidence 
of successful sedation in the three successive RT 
subgroups; sessions: 1–7, 8–14, 15–21 was 82%, 
75.6% and 66.7% in group  D as compared to 40%, 
24.4% and 13.3% in group MK, respectively, and the 
difference was significant (P < 0.001) [Tables 1 and 2]. 
Intragroup comparison of successful sedation did not 
show a significant decrease in the successive sessions 
of RT in group D (P = 0.234), while in group MK it was 
significant (P = 0.015).

Time to successful sedation and discharge was 
significantly less in group  D as compared to 
group MK (P = 0.000) [Table 3].

The number of patients who required ketamine 
and the dose of ketamine was significantly more in 
group MK compared to group D (P = 0.000) [Table 4]. 
The rescue dose of ketamine and the number of 
patients requiring ketamine increased significantly in 
successive RT in group MK (P = 0.015) in comparison 
to group  D, which did not show a significant 
increase (P = 0.234) [Table 5].

Side effects were seen in 12  (26.67%) patients as 
vomiting and emergence delirium in group MK, while 
1 patient in group D had vomiting [Table 1].

DISCUSSION

In the present study, the efficacy of intranasal 
dexmedetomidine was compared with a combination 
of oral midazolam and ketamine to sedate children 
for repeated sessions of RT. It was observed that 
children who received intranasal dexmedetomidine 
achieved better sedation than those who received 
a combination of oral midazolam and ketamine. In 
the initial sessions, the success rate of sedation was 
82% in the dexmedetomidine group. A  review of 
published studies on intranasal dexmedetomidine in 
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children showed that 2 µg/kg of the drug produced 
reliable procedural sedation with a success rate of 
95.2%  (85.9–100%).[13] In another study, 2.5 µg/kg 
intranasal dexmedetomidine used for sedation in 
CT scans resulted in desirable sedation in 67% of 
children. In the present study, the success rate with 

intranasal dexmedetomidine is closer to that described 
in a review of studies on this topic.[13] Our success rate 
of sedation in the oral midazolam–ketamine group 
was initially 40%, similar to the study where adequate 
sedation for CT scanning was achieved in 45.5% of 
children.[5]

Figure 1: Consolidated Standards of Reporting Trials (CONSORT) flow diagram

Table 1: Demographic Data and Clinical Data
Parameter Group D (n=45) Group MK (n=45) P
Age (months)* 50.09±11.48 49.11±11.48 0.674
Body weight (kg)* 16.59±3.31 16.66±3.18 0.889
Gender (Male: Female) 24:21 23:22 0.833
ASA I/II/III (frequency n) 20/22/3 20/21/4 0.673
Disease (frequency n)

Primary CNS tumour/Retinoblastoma/Ewing’s sarcoma/Rhabdomyosarcoma/Others 31/7/5/2/2 29/6/4/3/2 0.95
MAS (frequency n) excellent/good/fair/poor 41/4/0/0 35/6/4/0 0.087
RSS (frequency n) 0/8/28/6/3/0 6/4/17/13/3/2 0.003

1/2/3/4/5/6
Side effects n (%) 1 (2.22%) 12 (26.67%) 0.001
Vomiting/EA/desaturation/bradycardia or tachycardia 1/0/0/0 8/4/0/0  

Data are presented as mean±standard deviation (marked *), n – number of patients, frequency as number (n), and percentage (%), Student’s t test and Chi‑square 
test applied. P<0.05 is significant. ASA – American Society of Anesthesiologists physical status, CNS – Central nervous system, MAS – Patient’s acceptance of 
medication, RSS – Ramsay Sedation Scale score on first exposure, EA – Emergence agitation 

Table 2: Incidence of successful sedation and sedation score in successive serial radiotherapy
RT 
exposures

Incidence of success* Odds ratio 
(95% CI)

P Sedation scoreϮ P
Group D (n=50) Group MK (n=50) Group D (n=50) Group MK

1‑7 37 (82%) 18 (40%) 6.17 (2.4‑15.8) <0.001 03 (2‑5) 3 (1‑6) 0.261
8‑14 34 (75.6%) 11 (24.4%) 9.54 (3.6‑24.9) <0.001 03 (2‑5) 3 (1‑5) 0.638
15‑21 30 (66.7%) 6 (13.3%) 13 (4.5‑37.5) <0.001 03 (2‑4) 2 (1‑4) 0.012
Data marked *are presented as number, percentage, variables marked asϮ are expressed as median with range, Chi‑square test applied, P<0.05 is significant. 
RT – radiation treatment, n – number of patients, CI – confidence interval
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The number of patients responding to the sedation 
effect of dexmedetomidine decreased in consecutive 
sessions of RT, but this was not statistically significant; 
in comparison, the decrease in the success rate of 
sedation in the midazolam–ketamine group was 
significant, showing that the children developed 
quicker tolerance to the drugs with more requiring 
supplemental IV ketamine. Tachyphylaxis has been 
reported with ketamine when used for repeated sessions 
of RT.[14,15] Tolerance to midazolam has been seen 
when used for a prolonged time in cancer patients.[16] 
However, there have been no reports of tolerance to 
the effects of dexmedetomidine. Most of these studies 
have been done with infusions.[17,18] There are a few 
published case reports on IV dexmedetomidine 
sedation for fractionated RT courses in children.[19‑21] In 
these studies, few patients woke up and needed rescue 
sedation such as propofol or midazolam. Similarly, in 
the present study, sudden arousal of patients from 
sedation was seen. The duration of RT was 5–10 min, 
and patients received a single loading dose of the 
drug. Rescue ketamine was required for 17.7%, 24.4% 
and 33.3% of children in the first, second and third 
seven‑day sessions of RT respectively.

Both the medications were well accepted by most 
children in our study cases. Nevertheless, in a study 
on intranasal dexmedetomidine and oral midazolam 
sedation, the acceptance of the medications by the 
children was evaluated, and it was seen that the 
acceptance of both the medications was good; there 
was no episode of vomiting or spitting out of the 
drugs.[1]

In our study, the time to achieve successful sedation 
in the dexmedetomidine group was 16 min and 10 s, 
and the time to discharge was 78 min. A  systematic 
review of 14 randomised controlled trials on intranasal 
dexmedetomidine for sedation in children found that 
the average time for onset of sedation was 15–30 min 
and the duration was 55 min.[14] In yet another study, 
where intranasal dexmedetomidine was administered 
to children below 10  years, the onset time was less 
than 30  min and the discharge time was around 
80  min.[22] These studies show that the intranasal 
route of administration is efficacious and rapid, which 
makes it a suitable agent for procedural sedation. 
However, the concentration‑time profiles showed that 
the plasma levels of dexmedetomidine fell quickly, so 
in procedures that were long, a repeated administration 
or a higher initial dose was necessary.[23] In our study, 
as the duration of the procedure was within 10 min, a 
single bolus was appropriate.

The onset of action of oral midazolam–ketamine 
in our study was 22  min. In a study where oral 
midazolam‑ketamine was administered at a similar 
dose, the onset time to adequate sedation was 32 min[5] 
and 14 min when midazolam was used at a higher dose 
of 0.5 mg/kg for laceration repair.[24] These differences 
in onset time can also be attributed to the metabolism 
of midazolam that is influenced by cytochrome 
P4503A  (CYP3A) isoenzymes. The time to discharge 
in the midazolam–ketamine group in our study was 
98 min 20 s, which was similar to a previous study 
where it was 105  min.[5] In the dexmedetomidine 
group, the onset time and the time to discharge were 
significantly shorter than those in the midazolam–
ketamine group, making it a more suitable drug for 
procedural sedation.

Many studies have been carried out using propofol, 
midazolam and/or ketamine for sedation in RT. Their 
repeated use has been associated with complications 
like sepsis, cardiovascular complications and airway 
complications.[25] In one of the largest reviews 
done on the use of dexmedetomidine in paediatric 

Table 3: Comparison of time to sedation and discharge
Group D Group MK P

Time to 
achieve 
sedation

16 min 10s 22 min 10s 0.000
(14 min 50s‑28 min 

20s)
(20 min‑38 min)

Time to 
discharge

78 min 98 min 20s 0.000
(65 min‑95 min 10s) (78 min 60s‑118 min 10s)

Data are presented as median with range, Mann‑Whitney U test applied, 
P<0.05 is significant

Table 4: Sedation score in successive serial RT
RT 
exposures

Sedation score (median with range) P
Group D (n=50) Group MK (n=50)

1‑7 3 (2‑4) 3 (1‑5) 0.261
8‑14 3 (2‑4) 3 (1‑4) 0.638
15‑21 3 (2‑4) 2 (1-4) 0.012
Data are presented as median with range, Chi‑square test applied, P<0.05 is 
significant, RT – radiation treatment. No – number, n – number of patients

Table 5: Rescue dose of ketamine and number of patients 
requiring ketamine in successive serial RT

RT Rescue dose of 
ketamine (mg/kg)*

Patients requiring ketamineϮ

Group D 
(n=45)

Group MK 
(n=45)

P Group D 
(n=45)

Group MK 
(n=45)

P

1‑7 0 (0‑1.5) 1 (0‑1.5) 0.000 8 (17.7%) 27 (60%) 0.000
8‑14 0 (0‑1.5) 1 (0‑1.5) 0.000 11 (24.4%) 34 (75.5%) 0.000
15‑21 0 (0‑1.5) 1.5 (0‑1.5) 0.000 15 (33.3%) 39 (86.6%) 0.000
Data marked as * are presented as median with range, †as number and 
percentage and compared using Chi‑square test. P<0.05 is significant, 
RT – radiation treatment, n –number of patients
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patients, it was shown that dexmedetomidine has 
a favourable adverse effect profile with minimal 
untoward haemodynamic and respiratory effects, 
is well‑tolerated and efficacious in non‑invasive 
procedures.[26] Contrarily, some side effects due to 
infusions have been pointed out.[27] In our study, we 
witnessed no untoward effects in the dexmedetomidine 
group except in one patient who had vomiting. They 
were haemodynamically stable and maintained 
oxygen saturation. Nevertheless, dexmedetomidine 
is now occupying a special place in the perioperative 
management of children.[28]

There have been case reports where dexmedetomidine 
is used for sedation in less than 3 years old children 
receiving more than 20 sessions of RT. Nevertheless, 
we included children between 3 and 6 years of age in 
this study and plan to undertake a subsequent study in 
the lower age group.

CONCLUSION

Intranasal dexmedetomidine provides satisfactory 
sedation in paediatric patients receiving repeated 
RT. Compared to the oral midazolam–ketamine 
combination, the success rate of sedation in the 
repeated sessions is better. It is also safer, with a 
quicker onset of action and recovery. Although the 
increased need for rescue sedation in the repeated RT 
sessions was not significant, it cannot be overlooked. 
Considering its safety profile in paediatric patients, 
more studies may be undertaken with higher doses for 
more successful application in these patients.
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INTRODUCTION

Mask ventilation is one of the necessary abilities 
required for successful airway management. 
Maintenance of airway patency and oxygenation 
are the major goals of mask ventilation.[1] Difficult 
mask ventilation could happen in four out of 1,000 
patients.[2] When the conventional mask ventilation 
is difficult, several alternative techniques have been 
described. One such technique is the conventional 
thenar eminence. In this technique, downward 
pressure is applied with thenar eminences of both 
hands while the four fingers of each hand pull the jaw 

towards the mask.[3‑5] Since the jaw is pulled upward 
towards the mask, it leads to closure of the mouth 
resulting in airway obstruction at the oropharynx. 
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However, this obstruction could possibly be overcome 
by the use of an appropriately sized oro‑pharyngeal 
airway. This may not be successful in all patients.[6] 
The combination of upward force at the chin with a 
forward and downward movement of the mandible 
would open the mouth and also the oropharynx.[7,8] We 
hypothesised that this proposed modified technique of 
mask ventilation would result in increased ventilation 
in terms of expired tidal volume (VTE). In this 
technique, downward and forward force is given by 
the thumb at the chin to facilitate mouth opening apart 
from the jaw thrust and thenar eminence pressure. This 
randomised crossover trial was designed to evaluate 
the efficacy of modified thenar eminence technique 
of mask ventilation. The primary objective of the 
study was to compare the efficacy of modified thenar 
eminence technique of mask ventilation in improving 
VTE over the conventional thenar eminence technique. 
The secondary objective was to compare peak airway 
pressure (PMAX) and ease of mask ventilation between 
the two techniques.

METHODS

This study was conducted in a tertiary care referral 
institute from September 2017 to December 2018. The 
study was approved by the university’s institute ethics 
committee  (Human Studies)  [JIP/IEC/2016/1080] 
and written informed consent was obtained from all 
subjects who participated in the trial. The trial was 
registered prior to patient enrolment at the Clinical 
Trial Registry of India  (CTRI/2017/08/009373) and 
was done in accordance with the principles of 
the declaration of Helsinki. The sample size was 
calculated with an alpha error of 5%, power of 80%, 
mean  [standard deviation  (SD)] of the expired tidal 
volume of conventional two‑handed thenar eminence 
technique of 8.6 (2.3) ml/kg and a mean difference of 
10% using stata version 13 [Stata Corp LLC, California]. 
The estimated sample size in each group was 38 and 
the total sample size was 76.

Patients aged between 18 and 70 years scheduled for 
elective surgery under general anaesthesia were enroled 
in the study. Patients who had maxillo‑mandibular 
deformities (e.g. micrognathia, retrognathia), full 
stomach, and known gastro‑oesophageal disorder, 
emergency surgery and pregnant patients were excluded 
from the study. All patients were premedicated with 
famotidine 20 mg and diazepam 5  mg orally on the 
forenight and on the day of surgery.

On the day of surgery, simple randomisation was 
done based on computer generated random numbers. 
Allocation concealment was done using sequentially 
numbered opaque sealed envelope technique. Patients 
were randomised into group C and group M. In Group C, 
conventional thenar eminence technique  [Figure  1a] 
was performed first followed by modified thenar 
eminence technique [Figure 1b]. In group M, modified 
thenar eminence technique was performed first 
followed by conventional thenar eminence technique.

Modified thenar eminence technique is performed 
by placing the patient’s head and neck similar to the 
conventional thenar eminence technique which is a 
sniffing position. The anaesthesiologist extends the 
patient’s head. The jaw thrust is then applied using 
the fingers of both hands and the mouth is opened 
using both the thumbs by placing it in the lower jaw. 
While maintaining the mouth in the open position, 
the assistant keeps the mask over the face. Then 
the anaesthesiologist keeps the thenar eminence of 
both hands over the mask and pressure is applied 
to obtain the tight seal. During mask ventilation, the 
anaesthesiologist maintains this technique by three 
manoeuvres. First, the firm downward pressure is 
applied over the mask by both thenar eminences to 
have a tight seal. Second, downward and forward 
pressure is applied in the lower jaw by both thumbs 
to keep the mouth open and also to have a good 
seal between the mask and lower jaw. Finally, firm 
pressure is applied over the angle of the mandible 
to provide adequate jaw thrust. Thus, the chin lift is 
avoided in the modified thenar eminence technique to 
provide adequate mouth opening thereby improving 
the ventilation.

In the operation theatre, pulse oximetry, 
electrocardiogram, end‑tidal carbon dioxide (ETCO2) 
and non‑invasive blood pressure monitors were 

Figure  1: (a)  Conventional thenar eminence technique, where the 
downward force is provided by thenar eminence and upward force at 
jaw by other fingers. (b) Modified thenar eminence technique, where 
the downward force is provided by the thumb (big arrow) in addition 
to the downward force by the thenar eminence and upward force at 
jaw by other fingers

ba
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established. Patient was preoxygenated for three 
minutes. General anaesthesia was induced with 
1–2 μg/kg of fentanyl and 3–6 mg/kg of thiopentone 
sodium. Muscle paralysis was achieved with 
vecuronium 80–100 μg/kg. A  clear transparent 
disposable plastic face mask of size 3 or 4 with a 
high‑volume and low‑pressure cuff was used in the 
study. The patient was mask ventilated for three 
minutes by the attending anaesthesiologist who was not 
participating in the study. Meanwhile, the ventilator 
was preset in volume control mode to deliver 8 ml/kg 
of tidal volume at the rate of 12 breaths/min with no 
additional positive end‑expiratory pressure. During 
the study period, the initial few breaths were allowed 
for the VTE to stabilise and the study parameters 
were noted for five consecutive breaths. The average 
of five breaths was used in the statistical analysis. 
An anaesthesiology resident  (experience of more 
than one year) mask ventilated the patient using 
the first technique according to randomisation 
for five consecutive breaths. Then the attending 
anaesthesiologist mask ventilated  (their comfortable 
technique) the patient for one minute to maintain 
ETCO2 between 35 mmHg and 45 mmHg. The same 
anaesthesiology resident then mask ventilated the 
patient using the second technique for five consecutive 
breaths. Another resident who was not involved in 
the study auscultated over the patient’s epigastrium 
to detect gastric insufflations during the study period. 
Audible leak around the mask was assessed as either 
present or absent and recorded as such. The attending 
anaesthesiologist recorded all data manually from the 
ventilator readout. The VTE, PMAX and ETCO2 for each 
breath were noted for all the five consecutive breaths. 
Ease of ventilation score was also assessed between 
the two techniques using the Likert scale  (easy  –  1, 
moderate – 2 and difficult – 3) at the end of the study.

Statistical analysis was done by using Statistical Package 
for the Social Sciences software version 19 [SPSS Inc., 
Chicago, USA]. Categorical variables included gender, 
American Society of Anesthesiologists physical status 
class and modified Mallampati score which were 
expressed as proportion. Continuous variables such as 
age, height, weight, body mass index (BMI), VTE, PMAX, 
ETCO2 were expressed as mean + standard deviation. 
Normality testing was done using Kolmogorov Smirnov 
test, and all parameters except ease of ventilation 
score were normally distributed. VTE and PMAX were 
analysed using paired t‑test. The ease of ventilation 
score was analysed using Wilcoxon signed rank test 
expressed in mean rank with interquartile range (IQR). 

P  value  <  0.05 was considered as statistically 
significant in all tests.

RESULTS

A total of 78  patients were assessed for eligibility 
among which two were excluded (one patient did not 
give consent and other patient did not meet inclusion 
criteria). A total of 76 patients were randomised into 
two groups. Data from all 76 patients was collected and 
analysed [Figure 2]. Among 76 patients, 34 (44.7%) were 
male and 42 (55.3%) were female [Table 1]. The mean 
age was 38 years with an average BMI of 21.6 kg/m2. 
The VTE was significantly more in the modified thenar 
eminence technique than in the conventional thenar 
eminence technique [370 ± 55 ml versus 313 ± 50 ml, 
P  = 0.01]  [Tables  2 and 3]. The VTE was correlated 
with ETCO2 which was 33 ± 3 in the modified thenar 
eminence technique and 31 ± 3 in the conventional 
thenar eminence technique [P = 0.01] [Tables 2 and 3]. 
The PMAX was 15.2 ± 2.2 cm H2O in the modified thenar 
eminence technique and 15.1  ±  2.1  cm H2O in the 
conventional thenar eminence technique which was 
comparable [P = 0.39] [Tables 2 and 3]. Based on the 
ease of ventilation for operator score using Likert scale, 
we found that the modified thenar eminence technique 
was easier for mask ventilation compared to the 
conventional thenar eminence technique  [1.70  (1–2) 
versus 2.3  (2–3)]  [Table 4]. None of the patients had 
audible leak around the mask or gastric leak.

Table 2: Outcome parameters
Outcome 
Parameters

Modified thenar 
eminence 

technique (n=76)

Conventional 
thenar eminence 
technique (n=76)

 P

Expired tidal 
volume (ml)

370±55 313±50 0.01

Peak airway 
pressure (cm H20)

15.2±2.2 15.1±2.1 0.39

ETCO2 (mmHg) 33±3 31±3 0.01
All values expressed as terms of mean±standard deviation; ETCO2 – end‑tidal 
carbon dioxide, n – number; P<0.05 was considered as statistically significant

Table 1: Demographics and other characteristics
Parameter Value
Age (years) 38.49±12.71
Height (cm) 161.13±6.19
Weight (kg) 56.33±9.39
BMI (kg/m2) 21.62±2.74
Gender (M/F) (%) 34 (44.7%)/42 (55.3%)
ASA (1/2) (%) physical status 56 (73.6%)/20 (26.3%)
MMP (1/2/3) (%) class 37 (48.6%)/36 (47.3%)/3 (3.9%)
Age, height, weight and BMI were represented in mean (standard deviation) 
and Gender, ASA, MMP were expressed in frequency and percentage (%). 
ASA – American Society of Anesthesiologists ; MMP – Modified Mallampati ; 
BMI – Body mass index; M/F – Male/Female
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DISCUSSION

Our results demonstrated that the modified thenar 
eminence technique had statistically significant VTE 
than the conventional thenar eminence technique. 
The PMAX was comparable between the modified 
thenar eminence technique and the conventional 
thenar eminence technique. The secondary outcome 
in our study was the ease of ventilation score assessed 
using Likert scale which showed that modified thenar 
eminence technique was easier compared to the 
conventional thenar eminence technique.

Several studies have reported that in the supine 
position, after the induction of general anaesthesia, 
the tongue falls posteriorly leading to airway 

obstruction.[6,7,9,10] Hillman et  al.[10] found that the 
site of upper airway obstruction was at the level 
of the velopharynx Extension of the neck, forward 
displacement of the mandible and keeping the mouth 
open are the ways in which the airway patency can be 
maintained.[9,10] The mouth opening was an important 
component in mouth to mouth breathing while 
resuscitating cardiac arrest patients as demonstrated 
by Safar et  al.[11] Soleimanpour et  al.[12,13] compared 

Table 3: Comparison of outcome parameters between groups
Outcome 
Parameter

GROUP‑ M (n=38) P GROUP‑ C (n=38) P 
Modified thenar 

eminence technique
Conventional thenar 
eminence technique

Conventional thenar 
eminence technique

Modified thenar 
eminence technique

Expired tidal 
volume (ml)

374.54±61.49 309.79±58.21  0.001 316.32±40.13 366.80±48.85 0.001

Peak airway 
pressure (cmH20)

15.44±2.68 15.24±2.59 0.298 14.96±1.71 15.02±1.76 0.807

 ETCO2 (mmHg) 32.81±3.08 30.95±3.39  0.001 30.76±2.80 32.41±3.27 0.001
All values are expressed as mean±standard deviation; ETCO2 – end‑tidal carbon dioxide, n –number; P<0.05 was considered as statistically significant

Table 4: Subgroup analysis of ease of ventilation
Ease of 
ventilation

Modified thenar 
eminence technique

Conventional thenar 
eminence technique

P

BMI >25 (n=10) 1.70 (1-2) 2.3 (2-3) 0.01
BMI <25 (n=66) 1.3 (1-2) 1.6 (1-2) 0.01
Expressed as mean rank and interquartile range; P<0.05 considered as 
statistically significant; BMI – body mass index

Figure 2: Consolidated Standards of Reporting Trials (CONSORT) flow diagram
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three techniques of mask ventilation between novice 
and experienced operators in a mannequin. The novice 
group did ‘E‑O’ grip better than other techniques. It 
was the operator who makes the two‑handed mask 
ventilation difficult in normal airway patients by 
not getting an adequate seal leading to difficult mask 
ventilation. In our study, to measure the efficacy of 
mask ventilation between the two techniques, we 
used the VTE. Joffe et al.[14] compared the two‑handed 
technique of mask ventilation with the one‑handed 
technique using mean VTE.

In our study, the PMAX values between the two techniques 
were not statistically significant. In a study conducted 
by Gerstein et  al.,[5] to study the effectiveness of 
various mask ventilation techniques among healthcare 
professionals, a no statistical significance of PMAX was 
found between the “C‑E” grip  [placing the middle, 
ring, and little fingers (the letter “E”) under the 
mandible and pulling the mandible upward, while the 
thumbs and index fingers create a “C” and then press 
down against the mask] and the thenar eminence (V‑E) 
technique. We do not have any possible explanation 
for the comparable PMAX.

We had used randomised crossover design in our 
study to evaluate the efficacy of mask ventilation 
of both techniques in the same patient. Few other 
studies have also used the randomised crossover 
design to compare the efficacy of one technique 
over another technique of mask ventilation.[14,15] The 
modified thenar eminence technique delivered greater 
VTE (370 ± 55 mL versus 313 ± 50 mL, P = 0.01) than 
the conventional thenar eminence technique in our 
study. The greater VTE obtained with the modified 
thenar eminence technique was due to better airway 
patency with the modified technique compared to 
the conventional technique. Due to the forward and 
downward movement of mandible with mouth open, 
there will be increase in both retro lingual and retro 
palatal cross‑sectional area which results in lesser 
airway resistance.[15,16] Our results are substantiated by 
a study conducted by Fei et al.[15] where two‑handed 
mask ventilation in apnoeic obese individuals was 
compared using VTE as a primary outcome.

Though this study was conducted in a randomised 
crossover design in a well‑controlled setting, it also has 
few limitations. First, we had included only normal 
patients and excluded those with an anticipated 
difficult airway. It is well known that obesity is a 
risk factor for difficult mask ventilation. Hence, the 

efficacy of the modified thenar eminence technique 
over conventional thenar eminence technique might 
be overestimated in an obese population. Second, the 
modified thenar eminence technique was not the most 
commonly used hand grip among anaesthesiologists. 
Although ventilation with modified technique was 
much easier than the conventional technique in our 
study in the normal airway population, future studies 
are needed in other populations to substantiate it. 
Third, though VTE was statistically significant, we do 
not have any possible explanation for comparable PMAX 
between the two techniques

CONCLUSION

Modified thenar eminence technique is superior to 
conventional thenar eminence technique in terms 
of  VTE and ease of ventilation for mask ventilation 
during the induction of anaesthesia in unanticipated 
difficult airway patients. Hence, we suggest the use of 
the modified thenar eminence technique to achieve 
a higher success rate in maintaining upper airway 
patency and ventilation during unanticipated difficult 
mask ventilation.
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INTRODUCTION

Endoscopic retrograde cholangiopancreatography 
(ERCP) is performed to illustrate the pancreatic 
duct and biliary tree to diagnose pathology in the 
biliopancreatic system. ERCP is mainly done with 
the patient in the left semi‑prone position. This 
position facilitates the easy passing of the scope, a 
clear fluoroscopic image and a comfortable posture for 
endoscopists.[1] In our institute, patients undergoing 
ERCP are generally intubated in the supine position 
followed by a decubitus shift from the supine to the left 

semi‑prone position. However, the risk of perioperative 
cervical nerve injury is increased because of rotation 
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Background and Aims: Endoscopic retrograde cholangiopancreatography (ERCP) is generally 
performed with the patient in the left semi‑prone position. The patients are usually intubated 
in the supine position and subsequently turned to the left semi‑prone position. This turning 
procedure may cause the injuries to the patient or unstable haemodynamics. Previous studies 
show that the success rates of intubation in the lateral position are comparable to that of intubation 
in the supine position, even so, there are some difficulties. Therefore, this study is aimed to 
investigate the effect of the semi‑prone position on the success rate of intubation. Methods: This 
randomised controlled trial included 88 patients aged 18 to 80 years with an American Society of 
Anesthesiologists physical status (ASA PS) of I–III with no predicted difficult intubation, and who 
were undergoing ERCP. The subjects were randomly assigned to be intubated in the supine or 
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The other 44 patients were intubated in the semi‑prone position. The primary outcome was the 
success rate of the first intubation attempt. Results: There were no differences between the two 
groups in age, ASA PS and preoperative airway characteristics. Endotracheal intubation was 
successful in all patients with the first intubation attempt successful in 43 patients (97.7%) in the 
supine group and 42 (95.5%) in the semi‑prone group (P = 0.556). Conclusion: For patients 
undergoing ERCP, the success rate of endotracheal intubation in the left semi‑prone position 
was comparable to that in the supine position.
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and placement of head and neck positions after the 
induction of anaesthesia.[2,3]

Most anaesthesiologists do not routinely perform 
endotracheal intubation with patients in the 
semi‑prone or lateral position because this 
procedure is more complex and time‑consuming than 
in the supine position.[4‑6] These complexities are 
related to the distorted airway anatomy, unfamiliarity 
with the patient’s intraoral structures and challenging 
head and neck positioning that can lead to a 
compromised laryngeal view.[7,8] Our pilot study in 
semi‑prone airway management found obstacles 
involving patients’ alignment and limited working 
space in airway management. We, moreover, found 
beneficial methods to improve airway management in 
the semi‑prone position. The present study aimed to 
compare the success rate of intubation, ease of mask 
ventilation and laryngoscopic view with the patient in 
the semi‑prone position versus the supine position.

METHODS
This single‑centre, prospective, randomised controlled 
study was conducted from November 2018 to October 
2019 at a tertiary care teaching hospital. The study 
was approved by the institutional ethics committee 
for human research and was registered in the Thai 
Clinical Trials Registry (identifier TCTR20200528001). 
Informed consent was obtained from all the patients 
before study enrolment and the study was conducted 
in accordance with the principles of declaration of 
Helsinki.

This study population included all patients 
aged 18–80  years with an American Society of 
Anesthesiologists (ASA) physical status grade of I–III 
who were scheduled to undergo elective ERCP. The 
exclusion criteria were predicted difficult intubation 
based on the combination of a short thyromental 
distance and limited cervical spine movement, body 
mass index  (BMI) greater than 30  kg/m2; severe 
abdominal pain when lying in a semi‑prone position, 
end‑stage renal or hepatic disease, history of stroke 
and requirement for invasive monitoring.

After preoperative evaluation, 88  patients were 
randomly allocated in a 1:1 ratio to either the 
supine group or the semi‑prone group using 
computer‑generated randomisation with permuted 
blocks of 4, 6 patients. The research coordinator who 
maintained the random allocation numbers and sealed 
envelopes was otherwise not involved in the study. 

After the preoperative assessment, the anaesthesiology 
residents called the research coordinator to open the 
envelope. However, the attending anaesthesiologist 
and anaesthesiology residents could not be 
blinded [Figure 1].

In the supine position group, the patients were 
supine for anaesthetic induction, mask ventilation 
and endotracheal intubation. After the endotracheal 
tube was secured, the patients were moved to the 
left semi‑prone position and reverse Trendelenburg 
position. On the morning of the operation, the patients 
in the semi‑prone position group were given verbal 
instructions and shown a picture demonstrating the 
preinduction position  [Figure  2a]. The attending 
anaesthesiologist verbally explained the step‑by‑step 
process of semi‑prone intubation to the participating 
residents and did not give any help for manipulation 
during the intubation except for leaning against the 
patient’s back and pulling the patient’s right shoulder. 
In the operating room, the patients were requested to 
lie in a left semi‑prone position. The patient’s head 
was laid on a stack of sheets that was high enough 
to support the neck in the neutral position. The edge 
of the sheets was on the patients’ cheek  [Figure 2a]. 
Both arms were tucked into the patient’s sides. Before 
the induction of anaesthesia, the surgical table was 
positioned slightly to the reverse Trendelenburg 
position with the patient axis aimed toward the 
operator’s eyes. Before intubation, the attending 
anaesthesiologist pulled and held the patient’s right 
shoulder towards himself/herself to create sufficient 
space for the operator to apply a laryngoscopic blade 
and perform intubation  [Figure 2b]. In case of failed 
mask ventilation or intubation, a stretcher was kept 
inside the room for emergency turning of the patient to 
the supine position for airway management.

In both groups, the patients were intubated by 
residents who had each performed more than 
300 endotracheal intubations. If the first intubation 
attempt failed, the mask ventilation was reapplied 
and a stylet was inserted into the endotracheal tube. 
If the second intubation attempt failed, the attending 
anaesthesiologist managed the subsequent mask 
ventilation and intubation.

Every patient was monitored with standard monitoring 
equipment including non‑invasive blood pressure 
monitoring, electrocardiography, pulse oximetry and 
end‑tidal capnography. The patients’ blood pressures 
were measured on their left arm. Before induction, all 
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patients were preoxygenated with 6 litres of 100% oxygen 
until the end‑tidal oxygen was 90%. Anaesthesia was 
induced via the administration of propofol (1.5–2 mg/
kg), fentanyl (1 µ/kg), and atracurium (0.6 mg/kg). The 
operators held the facemask with their left hand and 
applied the chin lift manoeuvre. Mask ventilation was 
administered for 4 minutes to allow sufficient time for 
maximal muscle relaxation. Intubation was performed 
with a tracheal tube  (7.5  mm internal diameter  (ID) 
for females and 8.0 mm ID for males) using a number 
3 Macintosh laryngoscope blade. The endotracheal 

tube was inserted after applying external laryngeal 
manipulation to obtain the best laryngoscopic 
view. After successful intubation, anaesthesia was 
maintained with one minimum alveolar concentration 
of sevoflurane.

The patients’ demographic data and airway 
characteristics included the Mallampati grade 
and thyromental distance. The mean arterial 
pressure  (MAP) and heart rate  (HR) were recorded 
at baseline, immediately after intubation, and 5 and 
10 minutes after intubation in the semi‑prone group, 
and at baseline, immediately after intubation, and 
5 and 10 minutes after changing from the supine to 
the semi‑prone position in the supine group. The 
ease of mask ventilation was graded as easy (adequate 
ventilation by one person and no need for increased fresh 
gas flow or use of the oral airway), difficult (adequate 
ventilation but needed increase fresh gas flow or 
use of the oral airway), and inadequate  (inadequate 
ventilation with any procedure). The adequacy 
of ventilation was confirmed by observing chest 
movement and achieving a good capnographic 
trace. The laryngoscopic view was graded using 
the Cormack‑Lehane scoring system during direct 

Figure 1: Consolidated Standards of Reporting Trials (CONSORT) flow diagram of patient enrolment

Figure 2: Photographs showing a patient being prepared for induction 
and endotracheal intubation in the left semi‑prone position.  (a) The 
patient lays down on the stack of sheets.  (b) The surgical table is 
positioned in the slightly reverse Trendelenburg position, aiming the 
patient axis toward the operator’s eyes. The attending anaesthesiologist 
pulls and holds the patient’s shoulder

ba
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laryngoscopy with and without external laryngeal 
manipulation. Failure of the intubation attempt was 
defined as inadvertent oesophageal intubation or a 
decrease of  ≥3% in the patient’s oxygen saturation 
from when the laryngoscope was applied. Successful 
intubation was defined as three consecutive waves 
of acceptable end‑tidal carbon dioxide readings. The 
total procedural time was measured from the time of 
anaesthesia induction until the patient was placed in 
the appropriate position for the ERCP procedure in 
the supine group and from the time that the patient 
took to self‑position himself/herself until the airway 
was secured and ready for the ERCP procedure in 
the semi‑prone group. The primary outcome was 
the success rate of the first intubation attempt. The 
secondary outcomes were the laryngoscopic view 
grade, ease of mask ventilation and haemodynamic 
changes  (immediately after intubation and 5 and 
10 minutes after intubation or repositioning).

Based on our pilot study in ERCP, the first‑attempt 
success rate of intubation in the supine position 
was 98%. The maximal acceptable difference for the 
success rate of semi‑prone intubation to be considered 
clinically non‑inferior is 15%. With a statistical power 
of 80%, an alpha error of 5% and an expected 20% 
withdrawal rate, a sample size of 44 patients per group 
was needed.

Statistical analysis was performed using Statistical 
Package for Social Sciences Statistics for Windows, 
Version  20.0.  (International Business Machines 
Corp, Armonk, New York, United States of America). 
Categorical data were presented as percentages 
and compared using the Chi‑square test or Fisher’s 
exact test. Continuous data were presented as 
mean  ±  standard deviation  (SD) and compared 
using the Student’s t‑test or Mann‑Whitney U test. 
The haemodynamic values at immediately 5 and 
10  minutes after intubation were compared with 
the baseline values using the paired t‑test. A  value 
of P  lesser than 0.05 was considered statistically 
significant for all the tests.

RESULTS

The 88  patients who were scheduled for elective 
ERCP were randomised into two groups. The 
intubations were performed by 29 Anaesthesiology 
residents including 14 residents with no experience 
in semi‑prone intubation and 15 residents who had 
performed semi‑prone intubation once.

There was no significant difference between the two 
groups in demographic data and preoperative airway 
characteristics including age, gender, body weight, 
height, diagnosis, ASA physical status, comorbidities, 
Mallampati grade and thyromental distance [Table 1].

Mask ventilation was more manageable in the 
semi‑prone group than in the supine group; an oral 
airway was needed for adequate ventilation in six 
patients in the supine group. No patient had inadequate 
ventilation.

The laryngoscopic view without external laryngeal 
manipulation was worse in the semi‑prone group than 
in the supine group. However, the external laryngeal 
manipulation improved the laryngoscopic view 
in both groups  [Figure  3]. The laryngoscopic view 
improved after the external laryngeal manipulation in 
15 of 20 patients (75%) in the supine group and 24 of 
27 patients (89%) in the semi‑prone group (P = 0.210).

All patients were successfully intubated within 
two attempts. The first intubation attempt was 
successful in 43  patients  (97.7%) in the supine 

Table 1: Demographic data
Supine 

group (n=44)
Semi‑prone 

group (n=44)
P

Age, years 62.3±19.9 60.9±14.7 0.125
Gender (male/female) 18/26 15/29 0.508
Body weight, kg 63.3±13.4 64.8±13.1 0.376
Height, cm 162.6±8.63 163.8±9.31 0.059
Diagnosis 0.850

Common bile duct stone 21 (47.7) 24 (54.5)
Cholangiocarcinoma 7 (15.9) 5 (11.3)
Pancreatic cancer 4 (9.1) 3 (6.8)
Cholangitis 6 (13.6) 8 (18.2)
Other 6 (13.6) 4 (9.1)

ASA physical status 0.788
I 6 (13.6) 6 (13.6)
II 18 (40.9) 21 (47.7)
III 20 (45.4) 17 (38.6)

Comorbidity 
Diabetes mellitus 7 (15.9) 6 (13.6) 0.763
Hypertension 27 (61.4) 21 (47.7) 0.198
Chronic kidney disease 4 (9.1) 4 (9.1) 1.000

Airway assessment
Mallampati grade 0.382

1 16 (36.4) 15 (34.1)
2 20 (45.4) 25 (56.8)
3 8 (18.2) 4 (9.1)

Thyromental distance 0.693
>6 cm 41 (93.2) 40 (90.9)
≤6 cm 3 (6.8) 4 (9.1)

Values are presented as mean±standard deviation, number of patients (%); 
ASA – American Society of Anesthesiologists, n – number
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group and 42  patients  (95.5%) in the semi‑prone 
group (P = 0.556). For patients in the semi‑prone group, 
the first intubation attempt was successful in 28 of 29 
intubations conducted by first‑time operators and in 14 
of 15 intubations conducted by second‑time operators. 
The procedural time did not significantly differ 
between the supine group  (16.7  ±  5.2  minutes) and 
the semi‑prone group (14.5 ± 6.3 minutes) [Table 2].

The baseline MAP and HR did not significantly differ 
between the two groups  [Figure  4]. Compared with 
the baseline value, the HR was significantly increased 
immediately after intubation in both the supine 
and semi‑prone groups  (P  =  0.023 and P  =  0.001, 
respectively). The HR at 5 and 10  minutes did not 
significantly differ from the baseline value in either of 
the two groups.

DISCUSSION

The success rate of intubation in the semi‑prone 
position performed by residents under the supervision 
of the experienced anaesthesiologist was comparable to 
that of intubation in the supine position. Furthermore, 
the incidence of difficult mask ventilation was 
significantly lower in the semi‑prone group than in 
the supine group.

No patient in the semi‑prone group had difficult 
mask ventilation in this study. However, previous 
studies have reported difficult mask ventilation in 
9%–20% of patients in the lateral position.[4,5] Mask 
ventilation is more accessible to perform with the 
patient in the lateral position than in the supine 
position, presumably, because of the effect of gravity 
on the soft tissues in the oral cavity. According to a 
study by Hui Li et al.,[8] the time needed for intubation 
with a flexible fibreoptic bronchoscope is shorter with 
the patient in the lateral position than in the supine 

position because the tongue and soft tissues of the 
throat move downward with gravity; this prevents the 
soft tissue in the oral cavity from causing the airway 
obstruction that occurs in the supine position. Our 
pilot study revealed that it is difficult for the operator 
to hold the mask with the left‑hand during mask 
ventilation; the operator’s hand cannot properly fit the 
mask to the patient’s face because the pillow or sheets 
underneath the patient’s head impede the operator’s 
hand and mask attachment. In the present study, we 
improved the management of mask ventilation by 
positioning the sheets approximately underneath the 
patient’s cheek to create more available space and 
achieve a proper seal between the patient’s face and 
the mask.

Previous studies have reported that the airway 
anatomy in the lateral position might become distorted 

Figure 3: Changes in the grading of the laryngoscopic view (LV) after 
applying external laryngeal manipulation

Figure 4: Changes in the mean arterial pressure (MAP) after intubation. 
*P < 0.05, statistically significant differences compared with baseline 
MAP

Table 2: Study outcomes
Supine 
group 
(n=44)

Semi‑prone 
group 
(n=44)

P

Mask ventilation 0.026
Easy 38 (86.4) 44 (100)
Difficult 6 (13.6) 0 (0)

Laryngoscopic view (%) 0.273
1 24 (54.5) 17 (38.6)
2 14 (31.8) 21 (47.7)
3 6 (13.6) 6 (13.6)

Laryngoscopic view with ELM (%) 0.358
1 35 (79.5) 37 (84.1)
2 7 (15.9) 7 (15.9)
3 2 (4.5) 0 (0)

Success rate of intubation (%) 0.556
1st attempt 43 (97.7) 42 (95.5)
2nd attempt 1 (2.3) 2 (4.5)

Procedural time (minutes) 16.7±5.2 14.5±6.3 0.161
Values are presented as mean±standard deviation, number of patients (%); 
ELM – external laryngeal manipulation, n – number
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and force the operator to apply the laryngoscope 
blade in an uncomfortable posture. As a result, the 
laryngoscopic views were more difficult to obtain than 
in the supine position.[4,8,9] The present study showed 
that the proportion of laryngoscopic view classified as 
grade 2 in the semi‑prone group was higher than in the 
supine group. However, applying external laryngeal 
manipulation was still useful to improve the laryngeal 
views in the semi‑prone position.

To our knowledge, the only prior study that evaluated 
intubation with a direct laryngoscopic blade in the 
patient in the semi‑prone position was a paediatric 
simulation study.[6] From our pilot study, we optimised 
the methods including the patient’s position, operation 
table and the role of an assistant in improving the 
success rate of semi‑prone intubation. Therefore, the 
success rate of the first intubation attempt in this 
study was 95.5% which is higher than the success 
rates of 79.4% and 93.1% reported for intubation in 
the lateral position in previous studies.[10,11] The level 
of the surgical table was adjusted approximately to the 
level of the operator’s waist and was then set to the 
reverse Trendelenburg position to align the patient 
axis toward the operator’s eyes. Several studies have 
demonstrated that the laryngoscopic view with direct 
laryngoscopic blade improves when the patient is in 
the back‑up position.[12‑15] This is because, applying the 
blade in this position moves the laryngeal view closer 
to the alignment of the laryngeal axis and gives the 
operator a better laryngoscopic view.[12] We speculated 
that simultaneous reverse Trendelenburg position 
with semi‑prone intubation would improve the 
ergonomic posture of the operators and the intubation 
conditions, resulting in a better laryngoscopic 
view and easier intubation. Another problem with 
endotracheal intubation in the semi‑prone position 
was that the patient’s right shoulder was wrapped on 
lying down, especially under anaesthesia, resulting 
in limited space for applying the laryngoscope blade 
and endotracheal tube. We found that these problems 
were alleviated by applying traction and pulling back 
the patient’s right shoulder. Our results suggest that 
our airway management methods provided efficient 
outcomes. However, inexperienced operators should 
be cautious in the implementation of our technique, 
especially in patients who have predictors of difficult 
facemask ventilation and intubation.

In our institute, the ERCP procedure is performed with 
the patient in a combined semi‑prone with reverse 
Trendelenburg position. Our study showed that the 

MAP in the supine group was significantly decreased 
from baseline after the patient was turned to ERCP 
position. This finding is consistent with previous 
studies that showed that an abrupt change in the 
patient’s position after the induction of anaesthesia 
might cause haemodynamic instability.[16‑19] After 
intubation, the MAP was fairly stable in the 
semi‑prone group. The possible explanation maybe 
that the patients in the semi‑prone group who 
initially lay in the ERCP position had adequate time 
for haemodynamic adjustment.

Additionally, the results of our study suggest that 
these methods can be more broadly applied in a 
situation requiring emergency airway management 
for procedures which usually are performed in 
semi‑prone or lateral position as in non‑intubated 
video‑assisted thoracic surgery, hip surgery and 
oesophagogastroduodenoscopy.[20,21] Our technique 
can be performed immediately with basic airway 
equipment or adjuncts.

Our study has several limitations. First, the experience 
of operators in the semi‑prone group was an important 
factor that affected the success rate of intubation. 
Therefore, the success rate of inexperienced operators 
may differ from the success rate achieved in this 
study. Second, the patients with anticipated airway 
difficulties were excluded. Finally, the degree of the 
reverse Trendelenburg position was individually 
adjusted for each patient which might have contribute 
to the success rate of intubation.

CONCLUSION

In patients undergoing ERCP, endotracheal intubation 
in the left semi‑prone position by supervised 
anaesthetic trainees showed a high success rate. The 
success rate was comparable to that in the supine 
position. Moreover, mask ventilation in the semi‑prone 
position was easier than in the supine position.
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INTRODUCTION

Residual neuromuscular block continues to be a 
significant postoperative complication with an 
incidence of 10–40%.[1] Recovery of train‑of‑four (TOF) 
ratio greater than 0.9 is recommended to 
restore airway protection.[2,3] However, there 
is a possibility of post‑operative respiratory 
dysfunction even after adequate recovery 
of the TOF ratio.[4] Some researchers have 
observed that partial neuromuscular block, even 
to a degree that does not evoke stridor or oxygen 
desaturation, can cause partial inspiratory airway 

collapse.[5] Therefore, an objective assessment of 
motor power recovery in the post‑operative period is 
important.
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Background and Aims: Residual neuromuscular block continues to be a significant postoperative 
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of a hand‑held forced dynamometer for hand grip strength assessment as an objective measure 
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the postoperative period.
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The present study aimed to evaluate the role of objective 
assessment of hand grip strength in residual muscle 
weakness. The primary objective was to determine the 
residual muscle weakness using a forced dynamometer 
by comparing the immediate post‑operative muscle 
strength to the pre‑operative baseline value. The 
secondary objectives were to determine the time to 
recover to baseline muscle strength and to correlate 
the changes in the muscle strength with respiratory 
function using peak expiratory flow rate (PEFR).

METHODS

This was a prospective observational study conducted 
from November 2021 to March 2022 after approval 
from the institutional ethics committee  (EC/
NIMS/2860/2021) and registration in the Clinical Trial 
Registry of India  (CTRI/2021/11/038127). Informed 
written consent was obtained from all the patients. 
Patients of age 18 to 60 years undergoing surgery 
under general anaesthesia and  belonging to American 
Society of Anesthesiologists (ASA) classes I and II were 
included in the study. Patients undergoing surgery 
involving the upper limb or having a deformity or 
fracture of the upper limb and those with a pre‑existing 
neuromuscular disease or pulmonary diseases were 
excluded from the study.  They were kept nil per oral 
for six hours for solids and two hours for clear fluids 
before the surgery. Standard ASA monitoring was used 
for all the patients during the intraoperative period. An 
intravenous cannula was placed in the non‑dominant 
hand. A  demonstration was given on the method 
of using a dynamometer  (Camry Electronic hand 
dynamometer model: EH101) for handgrip strength and 
peak expiratory flow meter (Cipla Breath O Meter) for 
PEFR. Handgrip was assessed by instructing patients 
to exert maximum grip three times at intervals of one 
minute and the highest value of the three readings was 
noted. PEFR was measured by asking the patient to 
take a deep inspiration followed by breathing out into 
the mouthpiece of the peak expiratory flow meter as 
quickly and as forcibly as possible. The highest value 
of three readings taken one minute apart was noted. 
Just before anaesthesia induction, baseline values for 
handgrip strength from the dominant hand and PEFR 
were acquired. Standard anaesthesia practice for general 
anaesthesia was followed. Neuromuscular function was 
monitored by assessing the contraction of the adductor 
pollicis muscle using acceleromyography  (Train of 
four  (TOF)‑Watch Sx). Intravenous anaesthesia was 
administered with fentanyl  (2 µg/kg), and propofol 
(2.0 mg/kg). Atracurium (0.5 mg/kg) was administered 

for muscle relaxation after the loss of verbal response 
and tracheal intubation was performed after 3 minutes. 
Depth of anaesthesia was maintained using sevoflurane 
to a minimum alveolar concentration (MAC) of 0.8 to 
1.2, fentanyl 1 µg/kg/hour. Repeat doses of atracurium 
(0.1  mg/kg) were administered when TOF count 
increased to two. Ventilation was assisted to maintain 
end‑tidal CO2 levels between 35 and 45 mmHg. Body 
temperature was monitored using a nasopharyngeal 
probe. Forced air warmer was used in all patients and 
temperature was maintained at 35°C or higher. At the 
end of the surgery, patients were given neostigmine 
(0.05 mg/kg) with glycopyrrolate (5 µg/kg) for reversal 
of neuromuscular block when TOF count was four 
and were extubated when the TOF ratio was greater 
than 0.9 and clinical criteria for motor power recovery 
such as sustained head lift for 5  seconds, hand grip 
and tidal volume of 5  ml/kg were satisfied. After 
tracheal extubation, the patients were admitted to the 
post‑anaesthesia care unit  (PACU) and the modified 
Aldrete score was used to exclude anaesthetic drugs 
induced residual sedation before taking the study 
measurements. Patients with altered sensorium and high 
pain scores despite multimodal analgesia (intravenous 
paracetamol, opioids and epidural local anaesthetics) 
were excluded under the post‑inclusion‑exclusion 
criteria. Hand grip strength and PEFR were monitored 
at 15 minutes post‑extubation and again at intervals of 
15 minutes until one hour, intervals of 30 minutes until 
four hours, and hourly until six hours post‑operatively. 
Monitoring was terminated earlier if the baseline value 
was achieved. Each value at any particular time was 
the highest of three readings taken at intervals of one 
minute. At every point of time, patients were also 
assessed for subjective signs of muscle weakness which 
included eye opening, sustained head lift, ability to 
cough, ability to swallow and tongue protrusion. After 
complete recovery of hand grip strength to baseline, 
patients were discharged from the PACU. All the 
patients were monitored for postoperative respiratory 
problems such as hypoxia or aspiration during the 
study period.

Statistical Package for the Social Sciences  (SPSS) 
version 21 (SPSS Inc., Chicago) was used for Statistical 
analysis. Data were expressed as mean and standard 
deviation  (SD) for continuous variables  (muscle 
strength and PEFR). Paired t‑test was used for 
comparison of baseline muscle strength and PEFR 
with the parameters at different time points. Pearson 
correlation test was applied to assess an association 
between muscle strength and PEFR. Skewness and 
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kurtosis of data were evaluated for accepting the 
normality of distribution. Applying the SD of 17 from 
a pilot study with 95% confidence interval, alpha error 
of 5%, 5% precision, and dropout percentage of 10%, 
the sample size was taken as 50.

RESULTS

We screened 58  patients who fulfilled our study 
criteria, out of which eight were excluded due to high 
pain scores, to finally include 50 patients. The mean 
age of our study population was 25.9  years and the 
male‑to‑female ratio was 31:19 [Table 1]. All baseline 
parameters were normally distributed. Muscle 
strength remained 50 to 60% of baseline at 15 minutes, 
75% at 45 minutes, and reached 100% of baseline at 
210  minutes after extubation [Table  2]. None of the 
patients had a return to baseline muscle strength until 
60 minutes. Only 2% of the study population returned 
to baseline muscle strength at 60 minutes [Figure 1]. 
PEFR remained around 50 to 60 percent of baseline at 
15 minutes, 75% of baseline at 60 minutes, and reached 
100% of baseline at 180  minutes after extubation 
[Table 3]. None of the patients had a return to baseline 
PEFR until 120 minutes. Only 6% of patients gained 
baseline PEFR at 120  minutes [Figure  1]. None 
of our study population experienced respiratory 
complications such as hypoxia. Pearson correlation 
test established a positive correlation between muscle 
strength using a handheld dynamometer and PEFR 
with a correlation coefficient of 0.86, the scatter 
diagram showing a linear pattern [Figure 2].

DISCUSSION

The muscle strength and PEFR in our study remained 
lower than the baseline values for a significant 
duration of 210 and 180  minutes, respectively, in 

the postoperative period after complete recovery of 
TOF, with a strong positive correlation though there 
was no subjective detection of any signs of weakness. 
The superiority of objective measures of residual 
muscle weakness over subjective assessment has 
been established in the literature.[6] Our study has 
emphasised the importance of a dynamometer as 
an objective measurement for residual muscular 
weakness. Hooda et al. have concluded the superiority 
of objective measurements of muscle strength over 
subjective assessment in predicting postoperative 
residual paralysis.[7]

In a study by Wardhana et  al., quantitative TOF 
monitoring based reversal was found to be superior to 
reversal without monitoring with respect to residual 
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Table 1: Demographic data
Parameter Value (mean±Standard deviation)
Age (years) 25.9±7.9
Gender (male/female) 31/19
BMI (kg/m2) 23.6±4.6
Duration of anaesthesia (min) 240±55
BMI=Body mass index

Table 2: Comparison of muscle strength
Time Muscle strength (kg) 

(mean±Standard deviation
Percentage 
of baseline

P

Baseline 23.46±13.43 100
15 min 13.43±5.6 57.2 0.00
30 min 16.23±6.4 69.2 0.00
45 min 17.53±6.3 74.7 0.00
60 min 19.1±6.4 81.4 0.00
90 min 19.76±5.8 84.2 0.00
120 min 21.27±6.2 90.6 0.001
150 min 22.45±6.7 95.6 0.037
180 min 22.9±5.65 97.6 0.397
210 min 23.8±6.5 101.4 0.926
240 min 24.2±6.5 103.1 0.9
300 min 24±6.6 102.3 0.91
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weakness; however, there was residual weakness in 
one of the cases where TOF was used for monitoring.[8] 
Debaene et al., found that neither clinical tests such as 
head lift or tongue depressor test nor visual estimation 
of TOF or double burst stimulation could detect 
residual paralysis accurately.[9]

It was noted in our study that the handgrip strength 
remained below the baseline values even after 
the complete recovery of the TOF ratio. A  similar 
observation was made in a study by Kopman AF et al. 
where the hand grip strength was only 83% of baseline 
at a TOF ratio of 0.9.[10] In a study by Capron et al., a 
TOF ratio of 0.9 and 1 had a negative predictive value 
for residual muscle paralysis of only 40% and 77%, 
respectively, implying that residual muscle paralysis 
cannot be excluded even after the TOF ratio reaches 
unity.[11] The results of a study by Goyal et al. showed 
an equal incidence of post operative complications 
such as the need for supplemental oxygen with or 
without the use of TOF monitoring for extubation, 
pointing towards the possibility of residual weakness 
even with TOF reaching 0.9.[12] Pei et  al. found a 
correlation coefficient of 0.88 between the TOF ratio 
and hand grip strength and concluded that this could 
be used as an additional measure of postoperative 
residual weakness.[13] However, this study did not 
assess hand grip strength after the TOF ratio had 
returned to one which was the main objective of 
our study. Our study has proven hand grip strength 
to be more sensitive compared to TOF in detecting 
residual muscle weakness. Though minor residual 
muscle weakness may not have a significant clinical 
effect in many patients, it does cause some degree of 
discomfort such as diplopia, generalised weakness, 
and inability to sit up which can be avoided using 
a simple measurement with a dynamometer and 

intervening with an extra dose of neuromuscular 
block reversal agents. Assessment of muscle strength 
using a dynamometer may help plan interventions to 
support respiration and thereby prevent postoperative 
respiratory complications, especially in the high‑risk 
population.

Dynamometer‑based hand grip strength as a measure 
of muscle strength has certain advantages over TOF 
monitoring. Nerve stimulation for TOF monitoring is 
associated with discomfort and is not well suited for 
awake patients in the postoperative ward. In a study 
by Nemes et  al., pain scores were assessed during 
neuromuscular monitoring in awake volunteers and 
the scores were five on a scale of zero to ten for currents 
ranging from 20 mA to 50 mA.[14] Dynamometer use is not 
associated with any discomfort and can be easily used 
by patients who are awake. It is less cumbersome and 
more economical compared with the TOF-Watch. All 
our study population was able to perform the test after 
a simple demonstration and none of them complained 
of any discomfort while using the dynamometer. 
However, hand grip strength assessment is associated 
with certain limitations. It requires a completely awake 
patient who can obey commands. It may be difficult 
to use the instrument in children and the elderly with 
poor cognition. The effect of non‑modifiable factors 
such as gender on grip strength has been established 
in a study by Amin et al.;[15] however, this could not 
have affected our results as all our parameters were 
compared with baseline parameters of the same patient 
to avoid confounding.

In our study, PEFR remained below baseline for 
180  minutes in the post‑operative period though 
the TOF ratio returned to unity at extubation which 
correlated with muscle weakness measured using 
a dynamometer thereby establishing the impact of 
residual muscle weakness on respiratory function. In a 
study conducted by Fu et al., it was concluded that the 
pulmonary function measured as forced vital capacity 
and peak expiratory flow did not return to baseline even 
after the return of TOF ratio to 0.9.[16] These findings 
are similar to our study results concerning PEFR. We 
have chosen PEFR as a measure of respiratory function 
as it is less cumbersome compared to spirometry.

None of our study population developed respiratory 
complications or needed respiratory intervention. 
This can be explained by the fact that patients with 
pre‑existing respiratory compromise were  excluded in 
our study and only ASA grade I and II patients were 

Table 3: Comparison of Peak expiratory flow rate (PEFR) 
with time

Time PEFR (l/min) 
(mean±standard deviation)

Percentage 
of baseline

P

Baseline 336.73±60.532 100
15 min 199.68±40.988 59.3 0.00
30 min 216.18±44.600 64.2 0.00
45 min 234.02±46.428 69.5 0.00
60 min 250.86±49.849 74.5 0.00
90 min 270.05±53.111 80.2 0.00
120 min 299±52.944 88.8 0.00
150 min 318.2±63.194 94.5 0.00
180 min 334.37±58.360 99.3 0.003
210 min 353.56±55.610 105 0.043
240 min 340±49.646 101 0.07
300 min 367.03±91 109 0.4
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included. In a study conducted by Eikermann et  al. 
on healthy volunteers, it was concluded that residual 
muscle weakness even to a degree insufficient to evoke 
respiratory symptoms can markedly increase the risk 
of susceptible patients to develop severe pulmonary 
complications such as aspiration.[5] Murphy et  al. 
concluded that elderly patients experienced a 
greater incidence of postoperative residual muscle 
weakness‑related complications compared to the 
younger population.[17]

The limitation of this study is that high‑risk patients 
with pre‑existing respiratory illness or neuromuscular 
weakness were not included in it. The residual muscle 
weakness and low PEFR may cause significant clinical 
impact in such patients unlike our study population 
which did not show any clinical signs of respiratory 
compromise.

In the future, studies to evaluate residual muscle 
weakness measured using an objective forced 
dynamometer in patients with pre‑existing respiratory 
compromise and correlating with its impact on 
postoperative respiratory compromise can contribute 
to decreasing postoperative respiratory complications. 
Assessment of muscle strength using a dynamometer 
may help plan interventions to support respiration 
and thereby prevent postoperative respiratory 
complications, especially in the high‑risk population. 
In the present era of enhanced recovery after surgery 
(ERAS), regular application of a dynamometer to 
assess muscle strength can become an important tool 
to plan patient discharge.

CONCLUSION

A significant reduction in the postoperative muscle 
strength can be detected using an objective forced 
dynamometer to measure hand grip strength even 
when TOF has returned to unity and even when there 
are no clinical signs of muscle weakness. Objective 
assessment of muscle grip strength using a forced 
dynamometer has the potential to be a new metric to 
monitor post‑operative muscle weakness. The residual 
muscle weakness is significant enough to affect the 
PEFR in the postoperative period.
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INTRODUCTION

Tracheal intubation via direct laryngoscopy 
is a difficult skill and with a definite learning 
curve.[1] Instructors are often at a disadvantage due to 
limitations in sharing the glottis view during direct 
laryngoscopy.[2] Improvising the traditional teaching 
methods by advanced technology might provide 
suitable solutions.[3] Sharing of laryngoscopic view is 
possible with the use of video laryngoscopes  (VLs), 
as compared to conventional means.[4] Due to the 
availability of live video image for guidance, an 
enhanced interaction between the instructor and 
trainee has been observed.[5] The C‑MAC® VL  (Karl 

Storz, Germany) as an aid for teaching tracheal 
intubation procedure can be used either as a VL, where 
the trainee and instructor view the monitor or the 
scope can be used as Macintosh’s direct laryngoscope 
with recording features.[6]
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There exists limited literature on the impact of 
video replay of one’s own attempt on learning. We 
hypothesised that video replay of tracheal intubation 
may benefit the novices and help them achieve better 
competency than traditional learning. The primary 
objective of the study was to determine the influence of 
video‑assisted guidance and video replay during initial 
learning on the competence for tracheal intubation 
skill, measured in terms of “first attempt intubation 
success rate” and time required to intubate  (TTI). 
The secondary objectives included comparing the 
self‑assessed “intubation difficulty score”, confidence 
scores and complications of direct laryngoscopy.

METHODS

This randomised clinical study was approved by 
the Institutional Review Board  (Project no  3040, 
approved on 4/05/2018) and was prospectively 
registered with the Clinical Trials Registry of 
India  (CTRI/2018/05/013801). It was conducted in 
a stand‑alone post graduate training institute from 
28 May, 2018 to 21 August, 2018 in accordance with 
the principles of the declaration of Helsinki.

Adult patients belonging to American Society of 
Anesthesiologists  (ASA) physical status grade  I–II 
scheduled to undergo elective surgical procedures 
requiring general anaesthesia  (GA), and orotracheal 
intubation were included after obtaining their informed 
consent. Patients with history of or with an anticipated 
difficult airway on clinical examination [Mallampati 
class III and IV, thyromental distance <6.5  cm, 
sternomental distance  <12.5  cm, inter‑incisor gap 
<3 cm, and restricted neck extension] were excluded. 
Patients planned for rapid sequence induction of 
anaesthesia or with body mass index (BMI) over 30 kg/
m2 were not included.

All 20 trainee anaesthesiologists of the 2018 batch 
were offered participation in the trial. Based on the 
willingness and eligibility, 10 consenting trainees, with 
no prior experience of performing tracheal intubation 
in patients, were enroled. The airway training included 
a lecture and demonstration in direct laryngoscopy, 
tracheal intubation, and optimisation manoeuvres (use 
of external laryngeal manipulation, need of change in 
blade size, intubating aids like stylet and bougie etc.) 
followed by hands‑on training on the Laerdal Airway 
Management Trainer  (Laerdal Medical, Stavanger, 
Norway). Each trainee had to perform five successful 
tracheal intubations with a Macintosh laryngoscope 

on the trainer to complete their mannequin training. 
The ten novices then received a trial code and were 
randomised equally to either group STD or VL using 
sealed chits.

Patients after consenting and satisfying inclusion 
criteria were allocated to intubators as per 
computer‑generated random sequence charts, by an 
independent group to ensure allocation concealment. 
In the operating room, baseline vital parameters 
including heart rate, blood pressure, and oxygen 
saturation were recorded. After pre‑oxygenation for 
3 minutes using 6–8 L of oxygen through a closed circuit, 
the patient was administered GA. The steps for GA 
were standardised for the study and included injection 
propofol (1.5–2 mg/kg), injection fentanyl (1–1.5 µg/kg), 
and injection vecuronium (0.15 mg/kg) intravenously 
for muscle relaxation. The patient’s lungs were then 
ventilated for 4  min to achieve adequate muscle 
relaxation, using 100% oxygen with appropriate dial 
setting of isoflurane/sevoflurane  [to achieve 0.7–
1 minimum alveolar concentration (MAC)]. The initial 
training on patients  (first seven tracheal intubations 
by novices) was in accordance to the group. During 
this period, C blade of C‑MAC VL was used as a direct 
laryngoscope for either groups, and patients were 
intubated using the “sniffing the morning air” position. 
For group  STD  (traditional learning), the trainees 
received instructions based on standard cues, which 
included guidance on body and hand positioning, 
laryngoscope placement, and anatomic landmarks. 
The instructor was expected to peer over the trainee’s 
shoulder to check on the laryngoscope view prior 
to tracheal intubation and as per need. To avoid 
variability in the instructor’s feedback, two experts 
supervised the training sessions for both the groups. 
In Group VL (video‑assisted learning), in addition to 
standard cues mentioned above, the trainees received 
cues based from the video images during tracheal 
intubation. Only the instructor could visualise and 
provide additional cues of the live video images from 
the VL. The recording facility of the C‑MAC scope 
was used to record the entire intubation process. Post 
tracheal intubation, the trainee and instructor had a 
session of video replay with the aim to enhance the 
trainees’ understanding of the intubation process and 
suggest areas for improvement.

Literature shows that 22–29 intubation attempts are 
required to achieve an 80% orotracheal intubation 
success rate using the Macintosh laryngoscope by 
non‑experienced personnel.[7,8] At least 50 endotracheal 

Page no. 41



Bakshi, et al.: Video‑based learning of laryngoscopy

714 Indian Journal of Anaesthesia | Volume 66 | Issue 10 | October 2022

intubations are needed to achieve 90% competency at 
intubations suggesting a flattening of the learning curve 
between the two benchmarks.[9] To study the maximum 
impact on learning, we restricted to the steep part of 
the learning curve i.e., the initial 22 intubations. The 
supervised attempts at intubations during clinical 
training for each intubator were standardised and 
restricted to the first seven intubations in this study. 
In our previous study, we did not encounter high 
failure rates in the novice group at tracheal intubation 
with direct laryngoscopy. But there was a substantial 
difference in the time needed to intubate between 
experts and novices; hence TTI was set as primary 
endpoint and intubation attempts were limited to 15 
independent attempts post clinical training for each 
trainee. With the inclusion of 10 trainees, the total 
sample size was 220 intubation attempts.

After the initial seven supervised tracheal intubations, 
each trainee had to perform 15 independent tracheal 
intubations in patients. Tracheal intubation was 
attempted by the trainee anaesthesiologist with a 
Macintosh direct laryngoscope, and the visualisation 
of the glottis as per the Cormack Lehane  (CL) 
grading was noted. No guidance or aid was given to 
the intubator during tracheal intubation, with the 
exception of external manipulation of the larynx or 
providing a stylet/bougie when asked by the intubator. 
TTI was defined as the time elapsed from the insertion 
of the blade between the dental arches to the passage 
of tracheal tube into the trachea. The endotracheal 
tube placement was confirmed by capnography. All 
data was recorded by an independent observer.

Success at first attempt was recorded as “Successful 
first pass attempt”. In case of second attempt, TTI was 
cumulative of the two attempts. Failed attempt meant 
failure of the trainee to intubate after two attempts; 
each attempt permitted maximum up to 90 seconds or 
fall of oxygen saturation to 90% whichever was earlier. 
The attending consultant then performed the tracheal 
intubation with any laryngoscope of his/her choice, 
the event was recorded and the data was not included 
in the analysis for TTI, but was considered for all 
secondary outcomes. Cause of failure was recorded 
under three categories, Anatomical (unanticipated 
difficult airway), Procedural  (related to skill of the 
trainee), and Technical (scope malfunction).

Other secondary outcome measures included the 
need of optimisation manoeuvres like external 
laryngeal pressure and airway aids like stylet/bougie. 

Airway trauma was assessed in terms of blood on 
laryngoscope blade and visible trauma to the lips, or 
teeth. In all cases of blood on the laryngoscope blade, 
check laryngoscopy was performed by the attending 
Anaesthesiology consultant, after the airway was 
secured. The operating room anaesthesiologist was 
permitted to administer additional doses of opioids 
and anaesthetic drugs pre‑  and during intubation. 
Haemodynamic responses during intubation were not 
considered for any analysis.

Following each intubation, the trainees had to rate 
their difficulty at intubation  –  “intubation difficult 
score”, on a 5‑point Likert scale (very easy, easy, 
moderate, difficult, and very difficult).[6,8] In addition, 
confidence of successful intubation self‑assessed by 
the trainee  –  “confidence score”, was captured on a 
Numeric Rating Scale  (NRS) from 1–10  (10‑  most 
confident).[6,10]

Following surgery,  (12‑24 hours post‑surgery) the 
patients were evaluated for subjective symptoms of 
sore throat and hoarseness on the NRS, which were 
then grouped as: none (0), mild (1–3), moderate (4–6), 
severe (7–10).[11]

Parametric data like age, BMI, were compared 
using independent t‑test. As TTI was not normally 
distributed, it was compared using Mann–Whitney, 
non‑parametric test. The same test was used for 
comparing self‑assessed confidence levels. Categorical 
data were compared using Chi‑square test. P  value 
of  <  0.05 was considered significant. Statistical 
Package for Social Sciences version 25.0 (International 
Business Machines, New  York, USA) statistical 
software was used to perform statistical analysis.

RESULTS

Five hundred and forty‑two patients were screened, 
and 221 were randomised in the study  [Figure  1]. 
The first 71  patients participated in the clinical 
training of both groups. In one patient, there was 
bradycardia at the time of the trainee’s initial 
attempt at tracheal intubation and the attempt had 
to be terminated. The patient was intubated by the 
attending consultant anaesthesiologist after the 
administration of a vagolytic  (injection atropine 
0.6  mg) intravenously. The tracheal intubation 
attempt was considered null and void. For the 
initial teaching session  (first 70 intubations), TTI 
for group STD was 95.5 seconds versus 82 seconds 
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for VL group. The incidence of failure was higher in 
group STD (12/35) as compared to group VL (6/35).

Data from 150  patients, independently intubated by 
the trainees were analysed and compared. Patients 
in the two groups were comparable with respect to 
the baseline demographic characteristics  [Table  1]. 
Cormack‑Lehane grades in both the groups were 
comparable, P = 0.44 [Table 2].

In group STD, median TTI was 52 s  (IQR: 38.5–75.5 
s), whereas in VL group it was 40 s  (IQR: 32.3–49.9 
s), P  =  0.002  [Figure  2]. The first pass success rate 
was 64/75 in group  VL versus 54/75 in group  STD, 
P  =  0.046  [Table  2]. The number of failures due to 

various reasons were comparable in both groups: 
group  VL  (07/75) versus group  STD  (10/75), 
P  =  0.60  [Figure  1]. With respect to median 
confidence for successful intubation, the two groups 
were comparable: group  VL 8  (IQR: 7‑9) versus 
group STD ‑7 (IQR: 6‑8), P = 0.06.

The incidence of airway trauma was similar in 
both the groups  [Table  2]. Check laryngoscopy was 
performed in all the patients with trauma. No further 
intervention was needed for any of the cases. No 
incidence of moderate/severe sore throat or hoarseness 
was reported. Eighteen patients  (12%) reported mild 
sore throat, 12 in the group  STD and 6  patients in 
group VL, P = 0.13. Incidence of mild hoarseness was 

Figure 1: Consolidated Standards of Reporting Trials (CONSORT) flow diagram. Group STD‑ trainees with traditional teaching (control group). 
Group VL‑ trainees with video‑assisted guidance and video replay (intervention group)
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6.6%, 6  patients in group  STD, and 4 in group  VL, 
P = 0.51.

DISCUSSION

Trainees in group  VL achieved greater competency 
that is reflected by the difference in TTI and superior 
first pass success rate.

Previous studies have shown the benefits of improved 
visibility of the glottis by VLs during the time of 
tracheal intubation when compared with conventional 
Macintosh laryngoscope in terms of successful 

intubations by novices, even in difficult airway 
scenarios.[4,12,13] Video‑laryngoscopic monitoring in a 
teaching scenario enables the instructor to immediately 
recognise and correct problems related to direct 
laryngoscopy, tracheal tube insertion and placement, 
as well as to give early and precise guidance to the 
trainee based on the live video findings.[14‑17] Studies 
using VL as a teaching tool for novices performing 
tracheal intubation in neonates and infants, showed 
a greater success rate of tracheal intubation.[18‑21] 
The influence of video‑based learning is also seen 
in our study. The first seven intubations by each 
trainee  (training period), revealed that the VL group 
did better than the trainees with traditional learning. 
However, since suggestions by the supervising 
instructor were permissible, the data was not formally 
analysed for failure rates or time to intubate. To be 
sure that the difference in TTI was not influenced 
by an unanticipated difficult airway, the CL gradings 
were compared for in both the groups and were found 
to be similar which were comparable. (CL I/II/III/IV for 
group STD 21/11/1/2 and group VL26/7/2/0) P = 0.289.

There remains limited literature on the impact of this 
learning on competency. Our trial aimed to evaluate 
the subsequent independent tracheal intubations that 
followed the initial learning. In a previous study that 
used instructional video to teach tracheal intubation, 
novice intubators were required to watch a 26‑minutes 
videotape made with a direct laryngoscope imaging 

Table 1: Demographic details of patients included in the 
trial

Group STD n=75 Group VL n=75 P
Male 39 (52%) 30 (40%) 0.2
Female 36 (48%) 45 (60%)
Age (years) Mean (±SD) 45.6 (±15) 46.3 (±14) 0.7
BMI (kg/m2) Mean (±SD) 22.8 (±3.8) 23.7 (±3.3) 0.1
MPC ‑ I 71 (94.67%) 65 (86.67%) 0.1
MPC ‑II 4 (5.33%) 10 (13.33%)
ASA physical status
Grade I 42 (56%) 45 (60%) 0.6
ASA physical status
Grade II

33 (44%) 30 (40%)

MPC‑ Mallampati classification. ASA‑ American Society of Anesthesiologists. 
SD‑ standard deviation. BMI ‑ body mass index. Group STD‑ trainees with 
traditional teaching (control group). Group VL‑ trainees with video‑assisted 
guidance and video replay (intervention group)

Table 2: Results of different intubation parameters 
between the groups

Group STD 
n=75

Group VL 
n=75

P

First pass success 54 64 0.046
Failure rate 10 7 0.6 
Cormack‑Lehane grading

I
II
III
IV

59 (79%)
13 (17%)

2 (3%)
1 (1%)

60 (80%)
10 (13%)

5 (7%)
0 (0%)

0.44

Need for external laryngeal 
pressure

38 43 0.67

Need for airway aid 
( i.e., stylet/bougie)

2 1 0.34

Intubation related trauma 2 3 0.6
Median confidence scores * 7 (IQR: 6‑8) 8 (IQR: 7‑9) 0.06
Intubation difficulty score

Very easy
Easy
Moderate
Difficult
Very difficult

0
32
33
9
1

4
42
22
5
2

0.06

* On a ten‑point scale (1‑10 scale, 10‑ most confident). IQR – interquartile 
range. Group STD‑ trainees with traditional teaching (control group) Group 
VL‑ trainees with video‑assisted guidance and video replay (intervention 
group)

Figure 2: Comparison of intubation time in seconds. Group STD ‑ trainees 
with traditional teaching  (control group). Group  VL‑  trainees with 
video‑assisted guidance and video replay  (intervention group). 
(P = 0.002, using Mann–Whitney non‑parametric test) °Mild outliers 
*Extreme outliers
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system  (video group) as a part of the initial training 
process.[2] When compared with the traditional group, 
in an operating room setting, it was found that the 
instructional videotape helped improve the initial 
success rates of novice intubators. A  previous study 
showed that the videotape feedback of one’s own 
tracheal intubation attempt, changed the students’ 
perception of how they performed laryngoscopy, 
especially with respect to patient positioning.[22] 
However, in their study, they were unable to record 
the intraoral steps of the orotracheal intubation 
process, as VLs were not available then. In our study, 
we used C‑MAC VL  (during the training period) to 
record the intraoral steps of passing the endotracheal 
tube into the glottis. The post intubation video‑replay 
session of the trainee’s own attempt at intubation with 
the instructor, helped the trainee to review each step 
of the intubation procedure. This session helped the 
trainees to understand their errors and introspect on 
the same. The results of our study strongly suggest 
that this process of debriefing and reviewing one’s 
own attempt helps in faster learning.

With regards to the secondary end points, we did not 
find any significant difference in terms of difficulty at 
intubation, confidence of successful intubation and 
intubation related trauma. A previous study reported 
higher level of confidence, when trainees intubated 
successfully.[23] In our study, though group  VL 
participants rated their confidence score higher 
than group  STD, this was not statistically different. 
The difference in failure rate was not statistically 
significant between both groups, and this could have 
influenced the confidence level and self‑assessed 
difficulty scores.

This study is not without limitations. Though we 
used TTI as the primary endpoint, we were looking 
at competency and hence the sample size had to be 
limited by the number of attempts per intubator and 
was not powered for a change in TTI. Literature on 
competency at intubation reveals varied results.[7,24] 
To target the steep part of the competency curve, the 
sample size was calculated considering 22 intubations 
as a fair mark of achieving competency. This number 
could be an underestimation. A  positive impact 
so early in the curve, as seen in our results, further 
defends the effectiveness of our intervention.

We were limited by the number of trainees based on the 
inclusion criteria  (trainees with no prior experience 
in intubation in patients). In this study, all seventy 

intubations  (training period) were performed using 
the C blade of C‑MAC VL and not the conventional 
Macintosh laryngoscope. However, the blades are 
similar in design with additional video recording 
features, which was essential for our study.

CONCLUSION

Video‑assisted guidance followed by video replay of 
the tracheal intubation process has a positive impact 
on learning of direct laryngoscopy by decreasing the 
time to intubation and first attempt success rate. Thus, 
we propose the use of this technique for training 
novice anaesthesiologists in direct laryngoscopy.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is common in men 
above 60 years of age, and the incidental rate is around 
60%. The incidence further increases to 90% when the 
age is 80  years and above.[1] Transurethral resection 
of the prostate  (TURP) is a surgical procedure most 
commonly done for BPH. The perioperative morbidity 
and mortality after this procedure is often high due 
to the high rate of comorbidities in the patients.[2] 
Regional anaesthesia with subarachnoid block is the 
optimal choice of anaesthesia for these patients. The 
advantage of subarachnoid block over general 
anaesthesia is that transurethral resection syndrome 
can be identified earlier as the patient is conscious.

The bladder is innervated by sympathetic and 
parasympathetic fibres. Sympathetic fibres from T11 to 
L2 carry pain from bladder distension. Parasympathetic 
fibres from S2 to S4 carry stretch sensation. So, a 
regional block up to T10 level is sufficient for TURP. 
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An increase in level of block above T10 may mask 
capsular perforation.

The most common risk factor after subarachnoid 
block is hypotension which may affect the functions 
of critical organs. As the systemic vascular resistance 
decreases by 25% in elderly patients, it is important 
to optimise the dosage of local anaesthetic for 
subarachnoid block.[3] The concentration and volume 
of the drug used for subarachnoid block are major 
factors which affect the spread of local anaesthetic.[4]

Previous studies have shown that dural sac cross 
sectional area  (DSCSA) is a sensitive measurement 
parameter for lumbar canal stenosis, which is more 
common in the elderly. A 30% decrease in DSCSA is 
seen in patients with lumbar canal stenosis.[5] DSCSA 
can be accurately measured by ultrasound imaging. 
The degree of lumbar canal stenosis can be evaluated 
by measuring sagittal antero‑posterior diameter.

We decided to evaluate the effect of DSCSA based 
dosing of local anaesthetic in elderly patients 
undergoing TURP surgery with subarachnoid block.

METHODS

This was a prospective, double blind, randomised 
controlled study conducted in a tertiary care hospital 
from December 2020 to December 2021, after 
obtaining institutional ethics committee approval 
(ESCIMC/SNR/IEC/‑F0241/12‑2020). A  total of 
60  patients were enroled for the study after taking 
informed consent. Inclusion criteria for the study 
were patients of age more than 60 years and American 
Society of Anesthesiologists  (ASA) physical status I–
III undergoing TURP with subarachnoid block. The 
exclusion criteria were patient refusal for enrolment, 
infection at the site of injection, patients on 
anticoagulant therapy, patients with raised intracranial 
pressure. The study was conducted in accordance 
with the principles of the Declaration of Helsinki.

All the patients enroled for the study were randomised 
and divided into two groups: ultrasound group 
(group  U) and control group  (group  C) using a 
computer‑generated random number table. G*Power 
software  (ver.  3.1.9.7; Heinrich‑Heine‑Universität 
Düsseldorf, Düsseldorf, Germany; http://www.gpower.
hhu.de/) was used to estimate the sample size. Based 
on the dosage of hyperbaric bupivacaine and sensory 
level in a previous study,[6] and with an alpha error 

of 0.05 plus a power of 0.8, we got a sample size of 
30 patients in each group. The patients were monitored 
using electrocardiogram, pulse oximeter (SpO2) ad 
non‑invasive blood pressure once they were shifted 
into the operation theatre. A single anaesthesiologist 
performed all the intrathecal procedures. Subarachnoid 
block was performed at L3‑L4 space in sitting position 
using 27‑gauge Quincke‑Babcock needle. In group U, 
sagittal antero‑posterior diameter of the dural sac 
was measured at L3‑L4 space in sitting position by 
ultrasound (Mindray M7 Premium curvilinear probe 
2‑5 MHz, Shenzhen Mindray Bio‑Medical Electronics 
Co., Ltd, P.R. China). The dosage of hyperbaric 
bupivacaine was optimised in group  U according to 
DSCSA measured using the formula A = π  (D/2)2, 
where diameter (D) is the distance between anterior 
complexes and posterior complexes. A baseline dose 
of 10  mg of hyperbaric bupivacaine was chosen for 
DSCSA of 150 mm2. Based on the proportionate 
reduction in area, a decrease in the dose of hyperbaric 
bupivacaine was mathematically calculated. In 
group C, 2 ml (10 mg) of 0.5% hyperbaric bupivacaine 
was given (DSCA was considered as 150 mm2). Mean 
arterial pressure (MAP) and heart rate (HR) were 
measured every 2.5 min for up to 20 min, then every 
5 min till 30 min, and were measured every 15 min 
until the end of surgery. Sensory blockade levels 
for the patients were measured every 2.5  min up 
to 30  min and every 15  min till the end of surgery, 
with a cotton swab soaked in alcohol. At the end of 
20 min, if the level regressed below T10, patients were 
injected with fentanyl 1 µg/kg intravenously. Modified 
Bromage scale was used at every 2.5 min after spinal 
anaesthesia to measure the motor block.

The study aimed to modify the drug dosage of local 
anaesthetic in spinal anaesthesia was based on DSCSA 
to achieve a T10 blockade. The primary objective was 
to compare sensory level, motor level and two segment 
regression time between ultrasound  (U) group and 
control  (C) group. The secondary objective was to 
compare intraoperative MAP and HR between and the 
groups.

Graphpad InStat version  3.0  (GraphPad Software, 
San Diego, CA) was used for statistical analysis. 
Demographic characteristics, ASA physical status, 
duration of surgery, dose of anaesthetics and DSCSA 
(mean ± standard deviation (SD)) were analysed using 
independent samples t‑test. Sensory blockade level was 
assessed using Mann Whitney U test. P value < 0.05 
was considered as statistically significant.
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RESULTS

A total of 72  patients were eligible for the study. 
About 6 among them refused to participate and other 
patients did not meet the ASA grade of inclusion 
criteria [Figure 1]. Demographic data, ASA status and 
duration of surgery were comparable between both the 
groups [Table 1]. DSCSA and bupivacaine dosage was 
decreased significantly in group U when compared to 
group C (P = 0.001).

The maximal level of sensory blockade was 
significantly lower in ultrasound group [median 
(interquartile range), T8 (T8–T10)], when compared 
to control group [T6  (T4–T10) (P  =  0.002)]. Onset 
time to maximal sensory block was lower in 
group  U  [8.50  ±  2.97  min] compared to group C 
[10.25  ±  4.13  min], but the data did not show any 
statistical significance between the two groups. The 
two segments regression time of sensory block was 
delayed in group U than group C (P = 0.001). The total 
motor recovery time was also less in ultrasound group 
than control group [Table 2 and Figure 2].

MAP and HR were analysed for the first 30  min 
during surgery. There was no significant difference 
in the HR between the groups. A  slightly higher 
MAP with statistical significance  (P  =  0.007) was 
noted in ultrasound group when compared to control 
group [Table 3, Figure 3a, b]. Maximal decrease in MAP 
after subarachnoid block i.e., percentage decrease from 
baseline value was high in group  C  (16.34  ±  10.07) 
than group U (14.15 ± 7.55; P = 0.041).

DISCUSSION

The study results showed that in the control group, 
cephalad spread of the drug reached a maximum level 
of T6, whereas in the ultrasound group, the cephalad 
spread reached a maximum level of T8  [Table  2]. 
A study conducted by Ipsita C et al. found that 7.5 mg of 
0.5% bupivacaine was sufficient for a sensory block for 
TURP surgeries in elderly patients.[7] As the same dose 
would be more in patients with lumbar spinal canal 
stenosis, and may lead to higher level of anaesthesia 
than required for the TURP, we followed the formula 
A = π  (D/2) 2 to measure DSCSA and subsequently 
modified the dosage of hyperbaric bupivacaine.

In the study done by Wang WB et al., DSCSA in geriatric 
patients undergoing TURP was measured.[6] They 
used isobaric bupivacaine for subarachnoid block 
and concluded that estimating DSCSA can reduce 
the dosage of the local anaesthetic agent required. In 

Table 1: Comparison of demographics and other 
parameters between the groups

Parameters Group C 
(n=30)

Group U 
(n=30)

P

Age (years) 67.2±5.48 65.95±4.42 0.432
Weight (kg) 69.0±8.73 70.2±7.40 0.642
Height (cm) 160.25±7.54 163.35±8.47 0.229
ASA physical status 2.1±0.64 2.05±0.69 0.814
Duration of the surgery (min) 50.85±6.38 50.9±7.65 0.982
DSCSA (mm2) 150.0±0.0 110.45±23.09 0.0001*
Dose of the drug (mg) 10.0±0.72 7.1±1.42 0.0001*
Values expressed as Mean±SD. SD=Standard deviation, DSCSA=Dural sac 
cross‑sectional area, ASA=American Society of Anesthesiologists, n=number, 
*P<0.05 considered as statistically significant

Analysis

Estimation of
volume of local

anaesthetic

Allocation(inclusion) 

Enrolment Total recruited
patients( N:60)

Randomised 

Group U(USG)
N:30

DSCSA measured 
using USG

Estimated hyperbaric
bupivacaine based on

DSCSA

Results were tabulated and statistically analysed in all
patients. There were no dropouts.

Group C
N:30

Fixed DSCSA 150mm 

Fixed dose hyperbaric 
bupivacaine 10mg

None were excluded

Subarachnoid block
given at L3-L4 space

Subarachnoid block
given at L3-L4 space

Figure 1: Consolidated Standards of Reporting Trials (CONSORT) flowchart. N: Number, USG: ultrasonography, DSCSA-dural sac cross sectional area
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the present study, we used hyperbaric bupivacaine 
instead of isobaric bupivacaine. By measuring 
DSCSA, we have reduced the dose of hyperbaric 
bupivacaine required for TURP surgeries without any 
complications. Helill SE et  al. compared hyperbaric 
bupivacaine versus isobaric bupivacaine for the level 
of anaesthesia.[8] They concluded that hyperbaric 
bupivacaine can achieve higher level of blockade 
in comparison to isobaric bupivacaine with similar 
volume and dose. In the present study, we used 
hyperbaric bupivacaine at a lower dose to achieve the 
desired level for TURP surgery.

Young Su L et al. used DSCSA to predict lumbar canal 
stenosis and further concluded that DSCSA is a more 
sensitive measurement parameter to evaluate lumbar 
canal stenosis.[9] Similarly, in the present study, we have 
estimated the DSCSA anticipating that with increasing 
age, the spinal canal narrows and in turn influences 
the dosage of the local anaesthetic administered. In 
the present study, in Group  U, there is a clear‑cut 
reduction in the dosage of the local anaesthetic given, 
which in turn reflected in the level of anaesthesia. 
Higher cephalad spread of anaesthesia increases 
the incidence of complications like bradycardia 
and hypotension and prevents detection of capsular 
rupture in TURP surgery. It is very important for the 
anaesthesiologist to consider the age of the patient to 
give a modified dose of drug to achieve an adequate 
level without complications.

It is observed that the DSCSA size is decreased 
by 30% in elderly patients when compared to a 
younger population. In group U patients, DSCSA was 
110.45 ± 23.09 mm2 [Table 1]. Therefore, we suggest 
that DSCSA size can be measured before giving 
anaesthesia, and the dose can be adjusted based on its 
size to achieve optimal blockade and haemodynamic 
stability in elderly patients. Also, we suggest that 

a higher cephalad blockade level above T10 is not 
necessary for patients undergoing TURP surgery. 
A study has shown that a sensory block from T12–L1 
was adequate for TURP patients.[7]

In the present study, the change in MAP from baseline 
was lower in the ultrasound group than in the control 

Figure 2: Evolution of sensory level over time in the two groups

Table 2: Comparison of sensory and motor block
Group C 
(n=30)

Group U 
(n=30)

P

Maximal sensory level 
[median (interquartile range)]

T6 (T6–T10) T8 (T8–T10) 0.002*

Onset time to maximal sensory 
block (min) (mean±SD).

10.25±4.13 8.50±2.97 0.132

Regression of sensory block by 
2 segments (min) (mean±SD).

55.5±10.99 46.0±12.63 0.001*

Total motor recovery (min) 
(mean±SD).

175.3±41.07 142.0±34.78 0.0087*

SD=Standard deviation, n=number, *P<0.05 considered as statistically 
significant

Table 3: Haemodynamic characteristics
Group C 
(n=30)

Group U 
(n=30)

P

Baseline MAP (mmHg) 97.8±8.08 105.8±9.66 0.007*
Baseline HR (beats/min) 86.05±9.40 86.15±15.09 0.980
Maximal decrease in MAP 
(% of baseline value)

16.34±10.07 14.15±7.55 0.041*

Values in the table are expressed as Mean±SD. MAP=mean arterial pressure, 
n=number, SD=standard deviation, HR=Heart rate. *statistically significant
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group. The higher change in MAP from baseline in 
control group could be due to the higher bupivacaine 
dose and an increase in the cephalic spread of 
sensory block which further required phenylephrine 
to increase the MAP.[10] The regression time was 
significantly lower in group  U when compared to 
group C [Table 2].

TURP is commonly done in elderly patients aged above 
60 years, and they often have other comorbidities. 
Therefore, it is important to control the level of blockade 
in these patients to maintain haemodynamic stability 
after subarachnoid block. Anaesthesiologists often 
face a dilemma in deciding the appropriate dose, as a 
lower dose of anaesthetic may produce an insufficient 
spinal block. However, this can be overcome by 
co‑administering additive drugs like opioids to achieve 
the desired level of block. Nevertheless, some studies 
have shown complications like nausea, vomiting, 
excessive sedation, etc., with the co‑administration of 
additive drugs.[11‑14]

The present study has limitations such as a lower 
sample size and inclusion of patients with moderate 
build. Nonetheless, the DSCSA in obese individuals 
can be analysed in further studies.

CONCLUSION

Ultrasound guided DSCSA measurement is an effective 
parameter for modifying the dosage of hyperbaric 
bupivacaine for subarachnoid block in elderly patients 
undergoing TURP surgery to achieve a sensory level of 
T10.
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INTRODUCTION

The coronavirus disease  (COVID)‑19 pandemic had 
its initial outbreak in China in December 2019 where 
Wuhan was the epicentre.[1] In India, the first case 
was seen in January 2020. COVID‑19 disease was 
similar to viral pneumonia characterised by type  I 
respiratory failure with acute respiratory distress 
syndrome (ARDS).[2,3]

Evidence was constantly evolving amidst the pandemic. 
The response of the patient to disease, population 
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mortality could be the severity of illness as suggested by day 1 PF ratio and APACHE II score.
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demographics and case fatalities were variable in 
different countries.[4‑7] Effective management and 
treatment of these patients was a significant challenge 
for a nation like ours with a high population and 
limited resources.

The initial study from India describing 24 hours 
intensive care unit (ICU) mortality of 8.5%  and the 
study reporting in‑hospital mortality of 60% in patients 
requiring early intubation were single centre studies.[8,9] 
There are limited data from India that describe the 
profile of severe COVID‑19  cases admitted in ICUs. 
Patients with multiple comorbidities are still at risk 
of developing severe illness due to different COVID 
variants requiring ICU care. Therefore, this multicentre 
study aimed at describing ventilation characteristics, 
complications and outcome of severe COVID-19 
patients.

METHODS

The study was conducted from 15  June 2020 to 
31 December 2020 after institutional ethics committee 
(IEC) approval (IEC131/2020) and trial registration in the 
Clinical Trial Registry of India (CTRI/2020/06/025858). 
Critical care units across the country (government/
public hospitals) were invited by email to participate 
in the study. It was an investigator‑initiated study and 
no funding was involved. Four centres were included. 
Each centre obtained approval from local IECs of the 
respective hospitals. A  waiver of consent was given 
except for one centre. The Strengthening the Reporting 
of Observational Studies in Epidemiology  (STROBE) 
guidelines were followed.

The principal investigator provided online training to 
each centre’s investigators about data collection. Data 
were entered in standardised excel spreadsheet shared 
with all the centres. Data validation and correctness 
were checked to ensure uniform units of measurement of 
parameters across the centres. Baseline characteristics 
were collected. Acute physiology, age and chronic 
health evaluation score (APACHE II), sequential organ 
failure assessment  (SOFA) score, and biomarkers 
were collected. Parameters such as the type of oxygen 
devices  (face mask, non‑rebreathing mask, high flow 
nasal cannula [HFNC]), mode of ventilation (invasive 
or non‑invasive ventilation) and ventilator parameters 
such as PF ratio  (partial pressure of arterial oxygen/
fraction of inspired oxygen), positive end‑expiratory 
pressure  (PEEP), plateau pressure  (Pplat), peak 
inspiratory pressure (Ppeak), tidal volume (TV), partial 

pressure of oxygen  (PaO2) and partial pressure of 
carbon dioxide (PaCO2)] were collected. The setting of 
PEEP across various ICUs was based on using the PEEP: 
fraction of inspired oxygen (FiO2) table as a reference 
with PEEP titration based on the individual patient’s 
lung mechanics. Driving pressure (Pplat‑PEEP), static 
compliance (TV/Pplat‑PEEP) and dynamic compliance 
(TV/Ppeak‑PEEP) were calculated. Ventilatory ratio was 
calculated on day 1 of ICU using the formula (minute 
ventilation in ml/min) × PaCO2 (mmHg)/(predicted 
body weight [PBW] × 100 × 37.5).[10] Echocardiography 
and ultrasonography findings on admission, if 
available, were collected. The ultrasound scan was 
captured from 6 areas instead of 12. The areas included 
were anterior, lateral and posterolateral alveolar and/
or pleural syndrome  (PLAPS) point on right and left 
side. The abnormalities seen were given numbers such 
as A lines = 0, B lines = 2, shreds = 2, B lines with 
shreds = 4 and presence of tissue sign = 5. Each area 
with worst associated finding was captured. The score 
ranged from 0 to 30. The admission chest X ray (CXR) 
data was collected from 6 zones, upper, midzone and 
basal on right and left side.[11] Each zone involved given 
a score of 2. The score ranged from 0 to 12. Rescue 
therapies used for improving oxygenation  (proning 
and extracorporeal membrane oxygenation  [ECMO]) 
were captured. Treatment and complications details 
were collected. The seven days ICU data was collected 
based on the previous ARDS studies and to monitor 
the trend in ventilator parameters in response to 
therapy or proning.[12,13] Day 1 of ICU refers to the day 
on which patient was admitted to the ICU irrespective 
of the mode of ventilation  (invasive/non‑invasive) or 
oxygen device used  (HFNC) previously. Duration of 
mechanical ventilation was defined as the number 
of days on invasive ventilator support. The initial 
hurdle in prospective data collection was overcome 
by manual retrieval of the prospectively collected data 
from the health records. The sample size for estimating 
mortality of 50% with the margin of error as 5% and 
95% confidence interval (CI) was 385. Compensating 
for 10% of missing data, the sample size was 400, 
and the method used was continuous sampling. 
The primary outcome of interest was ICU mortality, 
defined as condition of the patient at the time of ICU 
discharge. Secondary outcome included the length 
of ICU stay, duration of mechanical ventilation and 
hospital mortality.

Patients with positive reverse transcriptase-polymerase 
chain reaction  (RT‑PCR) or rapid antigen test were 
included in the study. Patients with negative RT‑PCR 
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were excluded. Six hundred sixty‑seven patients were 
included from four centres.

All statistical analyses were performed using 
STATA v16 (StataCorp.  2019, College Station, 
Texas: StataCorp LLC). The parameters were 
reported as mean (standard deviation  [SD]) or 
median (interquartile range [IQR]) as applicable for 
continuous variables and number (%) for categorical 
variables. Factors associated with ICU mortality were 
identified initially by univariate logistic regression 
and those which were associated at 0.2% level of 
significance and not collinear with the rest of the 
variables were included in a multivariable logistic 
regression. Adjusted odds ratio (OR)  (95% CI) was 
reported from the multivariable logistic regression. 
The trend of ventilator parameters was analysed 
using the mixed logistic model. The Kaplan‑Meier 
survival curve was used to estimate the seven‑day 
survival probabilities in the ICU. The factors 
associated with 7‑day mortality were identified using 
the Cox‑proportional hazards model and hazard 
ratios (HR) with 95% CI were reported. All P values 
less than 5% were considered statistically significant.

RESULTS

Nine centres agreed to participate. Due to the increased 
caseload and delay in IEC approval, only 4 centres 
participated. Overall, 1273 patients were screened, 563 
were COVID negative and 40 patients whose records 
were missing were excluded. The study comprised of 
667 patients from four centres with 540, 50, 40 and 
37 patients from the respective centres. The patients 
were predominantly male  (70.46%), and the mean 
age was 57 years (SD = 15). The mortality across the 
centres ranged from 37.84% to 62.59%. The mortality 
in patients aged less than 65  years was 56.11% and 
greater than or equal to 65  years was 68.18%. The 
mortality was similar in males and females  (59% 
versus 61%, respectively, P = 0.504) [Table 1].

Among the comorbidities, diabetes mellitus, 
hypertension, ischaemic heart disease (IHD) and 
cerebral vascular accident (CVA) were seen in higher 
proportions in non‑survivors [Table 1]. The mean 
APACHE II score was 29.8 (SD = 6.1) and the median 
SOFA score was 7 (IQR 4‑11) [Table 2].

The predominant symptom was shortness of 
breath  (67%)  [Table  2]. The most common atypical 
symptom was generalised weakness  (10%) followed 

by altered sensorium  (5.9%). The number of direct 
admissions to the ICU was 348 (52.17%).

Among echocardiographic parameters, presence 
of severe systolic dysfunction assessed by visual 
gestalt method and presence of regional wall motion 
abnormalities (P < 0.01) were associated with worse 
outcome. Transmitral flow velocity [early diastolic 
wave E/late diastolic wave A  (E/A)] ratio was lower 
in non‑survivors than survivors (0.91 versus 1.13, 
P ≤ 0.001). The early diastolic wave (e’) at the lateral 
mitral leaflet was measured using tissue doppler 
imaging. E/e’ ratio indicative of left ventricular filling 
pressure was similar among survivors 8.03  (2.59) 
and non‑survivors 8.09  (2.66), P  =  0.87. The 
ultrasonographic lung score and CXR score were 
similar in both the groups [Table 2].

Use of non‑invasive ventilation prior to ICU (ward 
or high dependency unit) (36.14% versus 21.37%, 
P = 0.006) admission was higher among non‑survivors 
than survivors [Table 2]. Invasive ventilation was used 
in 445 (66.7%) patients during hospitalisation and 
the mortality was 59.8%. The most common mode 
of ventilation was pressure regulated volume control 
(42.88%). The median PF ratio was 109.31 (77.79–
187.26) [Table 3]. The TV was 6.24 (1.36)–7.45 (2.28) 
ml/kg of PBW. Mortality in mild, moderate and severe 
ARDS was 52.70%, 62.89% and 67.86%, respectively. 
One hundred and thirty‑two (43.4%) of intubated (299) 
patients had severe ARDS on day 1 [Table 3].

The trend of ventilator parameters showed higher 
PaCO2 in the non‑survivors. The driving pressure was 
higher in the non‑survivors on days 5 and 6. Although 
static compliance was comparable between the groups, 
mean dynamic compliance was higher in the survivors 
on days 3 and 4. However, there was no difference 
in the change in any of these ventilator parameters 
over time  (day 1 to day 7) between survivors and 
non‑survivors [Figure 1].

Prone positioning was used in 67 (22.41%) intubated 
patients and awake proning was used in 44 (11.96%) 
patients on day1 of ICU admission. Awake proning 
was used in 134 (23.1%) patients at least once during 
ICU stay. The duration of proning was similar in 
survivors and non‑survivors  [Table  3]. ECMO was 
used for 1 patient (0.14%).

Sedation was used in 44.2% patients on day1 and 
the predominant medications were fentanyl (42.27%) 
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Table 1: Socio‑demographic characteristics and epidemiological details
Parameters All (n=667) Survivors (n=267) Non‑survivors (n=400) P
Age¥ 57 (15.28) 54.10 (15.10) 58.95 (15.10) <0.001
Age groups (years)

18-35  68 (10.19) 36 (13.48) 32 (8) 0.010
36-50  141 (21.14) 64 (23.97) 77 (19.25)
51-65  260 (38.98) 104 (38.95)  15 6 (39)
66-80  167 (25.04) 56 (20.97) 111 (27.75)
>81  31 (4.65) 7 (2.62) 24 (6)

Gender M/F 470/197
(70.46/29.54)

M/F (192/75)
(70.77/29.23)

M/F (278/122)
(69.90/30.10)

0.504

Diabetes mellitus 375 (56.22) 134 (50.19) 241 (60.25) 0.010
Hypertension 377 (57.21) 138 (52.27) 245 (60.90) 0.028 
ACE inhibitors 49 (17.25) 22 (18.97) 27 (16.07) 0.526
ARB 73 (25.70) 30 (26.55) 43 (25.15) 0.791
CLD 15 (2.25) 4 (1.50) 11 (2.75) 0.285
CKD 90 (13.49) 29 (10.86) 61 (15.25) 0.104
CVA 46 (6.9) 10 (3.75) 36 (9) 0.009
IHD 98 (14.69) 25 (9.36) 73 (18.25) 0.001
COPD 27 (4.05) 9 (3.37) 18 (4.5) 0.468
Bronchial asthma 25 (3.75) 8 (3) 17 (4.25) 0.404
Interstitial lung disease 5 (0.75) 1 (0.37) 4 (1) 0.359
Retroviral disease 2 (0.30) 0 (0) 2 (0.50) 0.247
Tuberculosis 15 (2.25) 5 (1.87) 10 (2.50) 0.592
Immunosuppressants 26 (3.9) 6 (2.25) 20 (5) 0.072
Malignancy 12 (1.8) 2 (0.75) 10 (2.5) 0.096
Occupation

Frontline workers 1 (0.15) 1 (0.37) 0 (0) 0.466
Healthcare workers 7 (1.05) 3 (1.12) 4 (1)
Others 659 (98.8) 263 (98.5) 396 (99)

Transfer from other hospital 232 (34.78) 93 (34.83) 139 (34.75) 0.983
History of travel 30 days 19 (2.85) 9 (3.37) 10 (2.5) 0.508
History of travel 14 days 16 (2.4) 9 (3.37) 7 (1.75) 0.180
History of attending mass gathering 31 (4.65) 15 (5.62) 16 (4) 0.331
Taken HCQ Prophylaxis 13 (1.95) 5 (1.87) 8 (2) 0.907
Patients home quarantined 36 (5.40) 19 (7.12) 17 (4.25) 0.108
Similar complaints in close contacts 24 (3.6) 9 (3.37) 15 (3.75) 0.797
History of contact with COVID positive patient 28 (4.20) 9 (3.37) 19 (4.75) 0.384
History of contact with COVID suspect patient 21 (3.15) 13 (4.87) 8 (2) 0.038
Values are number (%), P value from Chi‑Square test of association. ¥Mean (standard deviation), independent sample t‑test was used for comparison. 
ACE – Angiotensin converting enzymes, ARB – Angiotensin receptor blocker, CLD – chronic liver disease, CKD – Chronic kidney disease, CVA – Cerebrovascular 
accident, IHD – ischaemic heart disease, COPD – Chronic obstructive pulmonary disease, HCQ –Hydroxychloroquine, M – male, F – female, n – number, 
COVID – Coronavirus disease

followed by fentanyl + midazolam, midazolam, 
morphine and dexmedetomidine. Paralytics were used 
in 186 (27.88%) patients.

The most common complication was pneumothorax 
66  (9.9%) followed by subcutaneous emphysema 28 
(4%). Both were associated with higher mortality 
[Table 3].

Among 667  patients, 400  patients died and the 
ICU mortality was 60%. The hospital mortality 
was 63%. The secondary outcomes were similar in 
the survivors and non‑survivors. In multivariable 
analysis, CVA and APACHE II score, the need 

for invasive ventilator support on day 1 for ICU, 
minimum PaO2, fluid balance, and development 
of pneumothorax and arrhythmia during ICU stay 
were associated with ICU mortality  [Table  4]. The 
requirement of invasive ventilator support on day 
1 (OR  =  3.11  [1.91–5.08]), and the development 
of arrhythmia during ICU admission (OR  =  3.85 
[1.69‑8.77]) had higher odds of mortality.

Survival analysis showed 7  days ICU mortality of 
208 (31.18%) and the estimated mean survival time was 
5.9  days  (95% CI: 5.8–6.1). Cox proportional hazard 
model showed IHD (HR = 1.64 [95% CI: 1.13, 2.38]) 
and higher APACHE II score (HR = 1.03 [95% CI: 1.00, 
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1.07]) had significantly higher mortality  [Table  5]. 
Patients who received therapeutic anticoagulation 
were 58% less likely to be non‑survivors at day 7 of 
ICU stay [Table 5].

DISCUSSION

This is one of the largest multicentre studies from 
India that showed a 7  days trend of ventilation 
parameters. The ICU mortality observed was 60%, 
and the hospital mortality was 63%. The average 
age was 57  years (SD  =  15). The mortality in 
intubated patients was 59.8%, similar to a study 
from India on the timing of intubation.[9] The 
possible reason for higher mortality was the severity 
of illness as shown by the mean APACHE II score 
of 29.8  (6.11)  (27.89 survivors versus 31.05 in 
non‑survivors).

A study from Italy including 1591 patients, with 88% 
receiving invasive ventilation, showed a mean age of 
63 (56–70) years and ICU mortality of 26%.[4] The (Pro 
vent COVID) study from the Netherlands showed a 
median TV of 6.3 ml/kg of PBW (IQR 5.7–7.1), PEEP 
of 14 cm H2O (IQR 11.0–15.0), and driving pressure of 
14 cm H2O (11.2–16.0) with ICU mortality of 35%.[5] A 
Spanish study of 742 intubated patients showed 32% 
of all‑cause ICU mortality at 28  days.[14] Ventilator 
parameters reported were PEEP of 12  (11–14) cm 
of H20, TV of 6.9  (6.3–7.8) ml/kg and the driving 
pressure was 12  (10–16) cm H2O. In our study, TV 
ranged from 6.24  (1.36) ml/kg to 7.45  (2.28) ml/kg, 
maximum PEEP was 10.29 (3.5) cm of H2O, dynamic 
compliance was 17.55 (5.18) ml/cm of H2O and static 
compliance was 24.20 (8.57) ml/cm of H2O. The higher 
driving pressure of 18.22  (6.16) cmH2O correlates 
with the higher mortality.[15] Day 1 median PF ratio 

Table 2: Presenting symptoms, day1 characteristics and outcomes
Parameters n All Survivors (n=267) Non‑survivors (n=400) P
History of fever 667 424 (63.57) 174 (65.17) 250 (62.50) 0.483
Cough 667 364 (54.57) 154 (57.68) 210 (52.5) 0.188
Shortness of breath 667 447 (67.02) 179 (67.04) 268 (67) 0.991
Sore throat 667 23 (3.45) 13 (4.87) 10 (2.5) 0.100
Running nose 667 10 (1.50) 5 (1.87) 5 (1.25) 0.517
SOFA score 522 7 (4-11) 5 (3‑7) 8 (5-12) <0.001 
APACHE II score 599 29.80 (6.11) 27.89 (6.10) 31.05 (5.79) <0.001 
ABG pH day1 630 7.33 (0.13) 7.37 (0.10) 7.29 (0.14) <0.001
NL ratio§ 628 14.22 (8.3-25.32) 11.25 (6.67-21.14) 15.33 (9.37-30.32) <0.001
Ferritin§ 440 630.20 (259.10-1399) 445.45 (222-1195.50) 729.10 (339.9-1650) <0.001
Procalcitonin§ 374 0.59 (0.18-3.09) 0.30 (0.12-1.50) 0.83 (0.21-4.82) <0.001
D‑dimer§ 281 972 (566-1424) 1059.50 (690-2323) 933 (552-1398) 0.080
LDH§ 349 580 (383-740) 496.5 (344-679) 612 (425-822) <0.001
CRP§ 504 18.22 (7.36-32) 18.23 (7.10-32) 18.15 (7.96-32) 0.930
Troponin I§ 306 0.05 (0.01-0.39) 0.04 (0.01-0.22) 0.06 (0.01-0.50) 0.045
USG lung score 508 12 (10-16) 12 (8-16) 12 (10-16) 0.230
Number of quadrants involved CXR 455 6 (2-6) 6 (2-6) 6 (3-6) 0.544
Use of NIV Prior to ICU  319  98 (30.72) 25 (21.37) 73 (36.14) 0.006
Use of HFNC Prior to ICU  319  30 (9.40) 9 (7.69)  21 (10.40) 0.425
From Hospital admission to ICU admission§ 667 1 (1-4) 1 (1-3) 2 (1-5) 0.004
ICU admission to intubation timing§ 667 2 (1-5) 2 (1-5) 2 (1-5) 0.54
Day1 use of invasive ventilation 667 299 (44.83) 73 (27.34) 226 (56.50) <0.001 
Need for RRT 667 84 (12.59) 23 (8.61) 61 (15.25) 0.011
Need for vasopressors 667 174 (26.09) 54 (20.22) 120 (30) 0.006
Need for blood transfusion 667 45 (6.75) 14 (5.24) 31 (7.75) 0.206
Outcomes 
Primary Outcome  667
ICU Mortality 667 267 (40.03%) 400 (59.97%)
Secondary outcomes
Hospital mortality 667 248 (37.18%) 419 (62.82%)
 ICU length of Stay  667 7 (4-13)  6 (4-11) 7 (4-14) 0.303
Days on mechanical ventilation 667  6 (3-11) 7 (5-10) 6 (3-12) 0.120
Values are number (%), P value from Chi‑square test of association. §Median (inter‑quartile range), P value from Mann‑Whitney U test. Units of measurement: 
D – dimer, Ferritin, Procalcitonin and Troponin I (ng/ml), CRP – C reactive protein (mg/dl), LDH (U/L) APACHE II – acute physiology, age and chronic health 
evaluation, SOFA – sequential organ failure assessment, ABG – arterial blood gas, NL ratio – neutrophil: lymphocyte ratio, LDH – lactate dehydrogenase, 
CRP – C reactive protein, ICU – intensive care unit, RRT – renal replacement therapy, n – number, NIV – non‑invasive ventilation, CXR – chest X ray, 
USG – ultrasonography
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of 109.31  (77.79–187.26) was lower, as compared to 
Italian, Netherland, Spanish‑ICU network, US and 
REVA network group studies where PF ratios were 
160  (114–220),158.8  (128.6–200.5), 120  (83–177), 
124 (86–188) and 154 (106–223), respectively.[4,5,14,16,17]

The PaCO2 was higher in non‑survivors than survivors 
[46.15 (18.30) versus 39.64 (11.36) mmHg] suggesting 
impaired oxygenation as well as ventilation in 
ARDS patients possibly due to the intrapulmonary 
shunt caused by micro‑thrombi and presence of 
dead space. Ventilatory ratio on day 1 in intubated 
patients was higher in non‑survivors 3.03 (2.05–3.97) 
than survivors 2.50  (1.80–3.39), P  =  0.042.[10] Trend 
of ventilator parameters showed higher dynamic 
compliance on day 3 and 4 in survivors  [Figure  1]. 
This highlights that the pathophysiology of COVID‑19 
is not due to impaired static compliance alone but 
also due to dynamic compliance.[18] It also indicates 
the presence of different phenotypes of ARDS.[19] As 
dynamic compliance is easy to measure, its role needs 
to be further evaluated in prospective studies.

A retrospective study of 733  patients from China 
showed a median age of 65 years and higher mortality 
(53.8%) due to associated organ failure.[20] Two 
small studies from Seattle region and Washington 
state showed a higher mortality of 50% and 67%, 

respectively.[21,22] A single centre study from Wuhan, 
China with 52 critically ill patients showed a 28‑day 
mortality of 61.5%, with a lower PF ratio similar to 
our study. The lower incidence of barotrauma  (2%) 
was possibly due to the timely use of ECMO in 
their study (11.7%).[23] In our study, only one patient 
received ECMO. Pneumothorax  (9.9%) was the most 
common complication that we observed suggesting a 
lower lung compliance and higher driving pressure 
leading to ventilator induced barotrauma.[24] Among 
the medications, steroid was used in 84.6% survivors 
versus 92.5% non‑survivors (P = 0.001) indicating the 
presence of severe disease in non‑survivors. Steroid 
was already included in the treatment protocol 
based on the results of the RECOVERY trial.[25] The 
lung ultrasonography score among survivors and 
non‑ survivors was similar. This finding was different 
from a previously published single centre study 
from Brazil.[26] We suggest that the use of serial 
ultrasonography will be more useful to assess the 
effect of therapeutic interventions and in predicting 
outcomes.

We calculated the standardised mortality ratio (SMR), 
based on the available APACHE II score (599 patients). 
The predicted mortality was 0.73 and observed 
mortality was 0.6, with SMR of 0.80 (0.70–0.92). The 
SMR value less than 1, seen in our study indicates 

Figure 1: Trend of ventilator parameters over 7 days. (a) Mean PCO2, (b) Mean driving pressure, (c) Mean static compliance, (d) Mean dynamic 
compliance. Solid squares indicate trend of parameters for survivors and Solid triangles indicate trend for nonsusurvivors. ICU – Intensive care 
unit, PaCO2 (Max) – Maximum partial pressure of carbon dioxide
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Table 3: Oxygen therapy and ventilator parameters
Day1 parameters n All Survived (n=267) Non‑survived (n=400) P
Type of oxygen therapy 667

Invasive ventilation 299 299 (44.83) 73 (27.34) 226 (56.50) <0.001
HFNC 15 15 (2.25) 7 (2.62) 8 (2)
Face mask 65 65 (9.75) 51 (19.10) 14 (3.5)
NIV 166 166 (24.89) 64 (23.97) 102 (25.5)
NRBM 74 74 (11.09) 46 (17.23) 28 (7)
Other devices 27 27 (4.05) 15 (5.62) 12 (3)
Room air* 21 21 (3.15) 11 (4.12) 10 (2.5)

PF Ratio 572 109.31 (77.79-187.26) 117.50 (82.33-208) 104 (75.78-168.75) 0.006
Worst FiO2 on day1 of ICU 649 78.36 (23.63) 71.99 (24.12) 82.38 (22.44) <0.001
Mode of Ventilation 667

PRVC 286 286 (42.88) 71 (26.59) 215 (53.75) <0.001
PCV 2 2 (0.30) 1 (0.37) 1 (0.25)
VCV 9 9 (1.36) 0 (0) 9 (2.26)
PS‑PEEP 1 1 (0.15) 0 (0) 1 (0.25)
SIMV 1 1 (0.15) 1 (0.37) 0 (0)
Spontaneous 368 368 (55.17) 194 (72.66) 174 (43.50)

PaO2 min§ 587 76(61.70-99.20) 78.5(62.95-105.7) 74.6(60-97.80) 0.013
PaO2 Max§ 589 106 (78.6-148.30) 106 (77-146) 106 (80.15-149) 0.784
PaCO2 min¥ 600 35.73 (10.93) 34.39 (8.91) 36.59 (11.98) 0.016
PaCO2 max¥ 598 43.63 (16.27) 39.64 (11.36) 46.15 (18.30) <0.001
PEEP max¥ 451 10.29 (3.5) 9.35 (3.26) 10.68 (3.52) <0.001
PEEP (mean)¥ 451 9.55 (3.1) 8.80 (2.99) 9.86 (3.10) <0.001
Ppeak max¥ 421 29.06 (10.94) 25.30 (9.82) 30.67 (11.02) <0.001
Ppeak mean¥ 421 25.99 (9.46) 22.78 (8.64) 27.36 (9.49) <0.001
Pplat max¥ 193 30.60 (6.78) 29 (5.63) 31.04 (7.02) 0.084
Pplat mean¥ 193 29.26 (6.30) 27.73 (5.32) 29.69 (6.49) 0.075
Dynamic compliance¥ 194 17.55 (5.18) 19.74 (5.52) 16.94 (4.93) 0.002
Static compliance¥ 193 24.20 (8.57) 26.16 (9.52) 23.66 (8.23) 0.093
Driving pressure¥ 193 18.22 (6.16) 16.66 (4.50) 18.65 (6.49) 0.064
Tidal volume min¥ 112 383.83 (59.87) 384.38 (64.15) 383.39 (56.83) 0.931
Tidal volume max¥ 433 472.08 (147.32) 491.25 (144.01) 464.12 (148.18) 0.081
Tidal volume based on PBW (minimum) ml/kg¥ 240 6.24 (1.36) 6.45 (1.72) 6.14 (1.14) 0.097
Tidal volume based on PBW (maximum) ml/kg¥ 240 7.45 (2.28) 8.01 (2.48) 7.20 (2.15) 0.011
Use of paralytics infusion 667 186 (28.48) 41 (15.95) 145 (36.62) <0.001
Fluid balance§ 667 286 (−77.80-854.5) 80 (−192-550) 480 (−0.30-1060) <0.001
Prone positioning¥ 667 111 (17.18) 33 (12.79)  78 (20.10) 0.016
Duration of awake proning 41 6 (4-10) 7 (5-12)  6 (4-8) 0.208
Duration of proning in intubated patients 66 21.58 (6.25) 22.92 (8.79) 21.28 (5.61) 0.802
Treatment Received

Steroid 667 596 (89.36) 226 (84.64) 370 (92.5) 0.001
Remedesivir 667 393 (58.92) 160 (59.93) 233 (58.25) 0.667
Tocilizumab 667 16 (2.4) 4 (1.5) 12 (3) 0.214
Plasma 667 50 (7.5) 29 (10.86) 21 (5.25) 0.007
HCQ 667 77 (11.54) 27 (10.11) 50 (12.5) 0.344
Favipiravir 667 17 (2.55) 8 (3) 9 (2.25) 0.549
Therapeutic anticoagulation used 667 522 (78.26) 201 (75.28) 321 (80.25) 0.127

Complications observed
Pneumothorax 667 66 (9.9) 17 (6.37) 49 (12.25) 0.013
Subcutaneous emphysema 667 28 (4.2) 1 (0.38) 27 (6.73) <0.001
Pulmonary embolism 667 8 (1.2) 3 (1.12) 5 (1.25) 0.883
DVT 667 8 (1.2) 6 (2.25) 2 (0.5) 0.042
Pneumomediastinum 667 6 (0.9) 2 (0.75) 4 (1) 0.737
Arrhythmia 667 67 (10.04) 10 (3.75) 57 (14.25) <0.001

Values are n (%), P value from Chi‑Square test of association. ¥Mean (SD), independent sample t‑test was used for comparison; §Median (IQR). Mann Whitney 
U test was for comparison. Units of measurements – PaO2, PaCO2 (mmHg) Driving pressure, PEEP, P Peak, Pplat (cm H2O); static and dynamic compliance (ml/
cmH2O); tidal volume (ml); fluid balance (ml). PaO2 – partial pressure of arterial oxygen, PaCO2 – partial pressure of arterial carbon dioxide, HFNC – high 
flow nasal cannula, NIV– non‑invasive ventilation, NRBM – nonrebreathing mask, Other devices-Nasal prongs, venturi mask, PF Ratio – PaO2/FiO2 ratio, 
PRVC – pressure regulated volume control, PCV – pressure control ventilation, VCV – volume control ventilation, PS‑PEEP – pressure support‑positive 
end expiratory pressure, PEEP – Positive end expiratory pressure, SIMV – synchronised intermittent mandatory ventilation, HCQ – hydroxychloroquine, 
max – maximum, min – minimum, DVT – deep venous thrombosis, PBW – predicted body weight, P plat – plateau pressure, P peak – peak airway pressure, 
n – number, SD – standard deviation, IQR – interquartile range. *As anticipated possible worsening by the treating team/ associated other organ failure
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Table 5: Survival analysis for 7 days by Cox proportional hazard model
Parameter Univariate Multivariate

Hazard Ratio (95% CI) P Hazard Ratio (95% CI) P
History of fever 0.75 (0.57, 0.99) 0.044 1.04 (0.74, 1.44) 0.829
History of cough 0.60 (0.45, 0.78) <0.001 0.72 (0.52, 1.00) 0.051
Diabetes Mellitus 1.25 (0.95,1.65) 0.115 1.08 (0.79, 1.49) 0.603
CLD 2.48 (1.27, 4.83) 0.008 1.88 (0.81, 4.34) 0.137
CKD 1.59 (1.12, 2.26) 0.01 0.82 (0.52, 1.30) 0.411
IHD 1.91 (1.38, 2.63) <0.001 1.64 (1.13, 2.38) 0.009
Invasive mechanical ventilation 1.42 (1.08, 1.87) 0.012 0.80 (0.54, 1.18) 0.268
APACHE II score 1.07 (1.05, 1.10) <0.001 1.03 (1.00, 1.07) 0.019
ABG pH day1 0.06 (0.02, 0.14) <0.001 0.14 (0.03, 0.56) 0.006
Fluid balance 1.00 (1.00, 1.00) <0.001 1.00 (0.99, 1.00) 0.055
Worst FiO2value 1.01 (1.00, 1.01) 0.026 1.00 (0.99, 1.01) 0.114
Therapeutic anticoagulation 0.45 (0.34, 0.61) <0.001 0.42 (0.29, 0.61) <0.001
Arrhythmia 1.52 (1.03, 2.23) 0.035 1.14 (0.74, 1.75) 0.549
Need for RRT 2.00 (1.42, 2.82) <0.001 1.24 (0.80, 1.94) 0.323
Need for blood transfusion 2.17 (1.42, 3.33) <0.001 0.93 (0.55, 1.58) 0.925
CI – confidence interval, CLD – chronic liver disease, CKD – chronic kidney disease, IHD – ischemic heart disease, APACHE II – acute physiology and chronic 
health evaluation, ABG – arterial blood gas, RRT – renal replacement therapy, FiO2 – fraction of inspired oxygen

Table 4: Multivariable logistic regression
Parameters Crude Odds ratio (95% CI) P Adjusted Odds ratio (95% CI) P
History of CVA 2.54 (1.24, 5.21) 0.011 2.45 (1.02, 5.88) 0.044
History of IHD 2.16 (1.33, 3.51) 0.002 1.41 (0.76, 2.60) 0.271
Arrhythmia 4.27 (2.14, 8.52) <0.001 3.85 (1.69, 8.77) 0.001
Pneumothorax 2.05 (1.16, 3.65) 0.014 2.49 (1.24, 5.01) 0.010
Day1 invasive ventilation 3.45 (2.47, 4.82) <0.001 3.11 (1.91, 5.08) <0.001
NL Ratio 1.01 (1.00, 1.02) 0.007 1.00 (0.99, 1.01) 0.494
Age 1.02 (1.01, 1.03) <0.001 1.01 (0.99, 1.02) 0.116
APACHE II 1.10 (1.06, 1.13) <0.001 1.06 (1.02, 1.10)  <0.001
PaO2 min 1.00 (0.99, 1.00) 0.038 0.99 (0.99, 1.00) 0.040
Fluid Balance 1.00 (1.00, 1.00) <0.001 1.00 (1.00, 1.00) 0.001
PaCO2 max 1.03 (1.02, 1.04) <0.001 1.00 (0.98, 1.01) 0.948
CI – Confidence interval, PaO2 – partial pressure of arterial oxygen, PaCO2 – partial pressure of arterial carbon dioxide, CVA – cerebrovascular accident, 
IHD – ischaemic heart disease, NL ratio – neutrophil: lymphocyte ratio, APACHE II – acute physiology and chronic health evaluation

lower mortality than expected when APACHE score 
was used.[27]

The strengths of our study were that the patients 
admitted to the ICU were having severe disease, and 
echocardiographic parameters suggested low left 
ventricular filling pressure  (E/e’ ratio) indicating 
a true representation of the critically ill ARDS 
population. This is one of the few studies from 
India which describes baseline characteristics, 
echocardiographic findings and ventilator 
characteristics requiring invasive as well as 
non‑invasive ventilator support.

The study has some limitations. Although, the study 
was designed as a multicentre project, only 4 ICUs 
participated in it. The ventilation management 
(invasive/non‑invasive) was as per the protocol by 
ministry of health and family welfare and further 
tailored to the individual patient’s lung mechanics as 

per the treating physician. Hence, the generalisability 
of the results will be limited. The participation 
from centres at varied times, resulted in maximum 
enrolment from one centre and a higher sample size of 
667 in the study period. There were 9.74% discharges 
against medical advice or transfers to another 
healthcare facility. The outcome of these patients was 
captured as non‑survivors due to the lack of follow-
up data. Finally, we did not collect information 
regarding the use of recruitment manoeuvre as it was 
not a routine practice across these ICUs.

This study describes the practice patterns of managing 
ARDS with interventions like use of low tidal volume 
strategy and prone positioning.[28,29] It also highlights 
the challenges for healthcare workers and interventions 
required while taking care of these sick patients such 
as use of prone positioning, ECMO and complications 
observed.[30]
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CONCLUSION

This study showed ICU mortality of 60%. The risk 
factors associated with mortality were presence 
of comorbid illness, severe COVID‑19 disease as 
suggested by APACHE II and PF ratio and development 
of complications during ICU stay such as arrhythmias 
and pneumothorax. The role of dynamic compliance 
needs to be evaluated in future studies.
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Teleconsultation in the event of 
an acute complication after a 
brachial plexus block

INTRODUCTION

Immediate help to a novice or a professional practising 
anaesthesiologist in fine tuning techniques as well as 
guidance during complications are the hallmarks of 
good anaesthesiologists. Anaesthesiologists performing 
regional nerve blocks in remote and rural areas are 
devoid of modern gadgets, and are dependent on 
anatomical landmarks. The supraclavicular brachial 
plexus blocks have been associated with catastrophic 
complications. Split second decisions are made to 
normalise these situations. A mind block might set in, 
if it is a single‑working anaesthesiologist with limited 
or untrained staff.

This  article describes how the first author, with the 
help of his colleagues, could normalise the situation 
in four patients after blocks above the clavicle led to 
catastrophes. All complications were discussed over 
the cell phone to normalise the situation.

CASE PRESENTATION

From 2010 to 2021, a total of four patients [C1, C2, C3, 
and C4] were tele‑consulted for various complications 
immediately after a block above the clavicle. 
Information regarding the patient demographics, tier 
of place, type of surgery and proposed block details, 
immediate complications, intervention, and the 
outcomes was recorded [Table 1].

Immediately after the block, C1 became unresponsive 
to verbal commands, oxygen saturation dropped, and 
bradycardia ensued. In C2 and C3, after multiple 
attempts of anatomical landmark‑guided block failed, 
a neurostimulation‑guided interscalene block was 
administered, following which, the patient developed 
bradycardia and apnoea ensued. In C4, after a 
left‑sided interscalene block  (22  mL) and surgery, 
right‑sided 10 mL injection for interscalene block led 
to hypopnoea.

In C1, the call was placed after intubation, whereas in 
C2, C3, and C4, the calls were placed during bag and 
mask ventilation. The calls were answered within 5 min 
after the last call. The time elapsed between last call and 

dialled call was 3, 2, 4, and 5 min, in C1, C2, C3, and C4, 
respectively. Brief discussion included immediate shift 
to anaesthesia machine, intubation and ventilation with 
air/nitrous‑oxide in oxygen, intravenous [iv]atropine and 
mephentermine to mitigate haemodynamic instability, 
iv midazolam to decrease awareness, maintaining 
haemodynamic stability, discussing with the surgeon 
the possibility of completing the surgical procedure, 
informing and counselling the patient’s relatives, and a 
thorough neurological assessment in the postoperative 
period until discharge from hospital [Figure 1].

After teleconsultation (with the surgeon and concerned 
anaesthesiologist), it was decided to perform surgical 
procedures in C1 and C2 patients. The surgeon, in C3 
and C4 patients (left surgery was performed, right side 
was postponed) declined to operate, and preferred a 
later date. The surgical procedure in C1 and C2 patients 
was uneventful under light general anaesthesia.

Postoperatively, the trachea was extubated after an 
hour with the patient fully conscious, oriented with 
adequate return of muscle tone and airway reflexes, 
and haemodynamically stable without vasopressors/
inotropes. Patients  (C1 and C4) did not exhibit pain 
on the operated side. Examination of the peripheral 
nervous system on the operated side exhibited a 
sensory loss in the distribution of C4, 5, 6, 7, 8, and 
T1. Bilateral decreased sensations were noted on the 
chest at the T1, T2, and T3 levels in all patients. On 
the contralateral side, hand grip was weak and so was 
elbow flexion, though sensations were preserved in 
the entire upper limb  [C5, C6, C7, and C8]. Though 
unoperated, a similar pattern was noted in C3 and 
C4. The following day, a detailed examination by a 
neurologist did not divulge neurological dysfunction. 
Patients were discharged on the fifth postoperative day 
without any residual neurological adverse effects.

DISCUSSION

Teleconsultations are defined under the broader term 
“telemedicine”, which offers medical knowledge 
over a distance using telecommunication technology 
provided that an adequate telecommunication network 
exists. This aims to improve medical services in the 
rural and remote areas and provide an immediate 
access to medical colleagues.[1]

Tele‑pre‑anaesthesia evaluation and consultation, 
especially in the pain clinic and intensive care units 
during the coronavirus disease-19 pandemic times, 
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have been found to provide a reliable assessment.[2‑4] 
They have been found to prevent the cancellation 
of cases[2] and video teleconferencing with realistic 
simulation in anaesthesia has been reported to have 
been used for conducting long‑distance clinical 
case discussions for a large audience from different 
areas.[5] Surgical consultations have been performed 
for laparoscopy and open surgeries in very remote 
areas through landline and satellite phones.[6] A case 
report of remote anaesthesia monitoring is mentioned 
in literature.[7,8]

Case counselling is routinely carried out with 
anaesthesiologists from remote areas by the first 

author of this article to deal with challenging cases 
to be performed under regional anaesthesia. Though 
respiratory complications secondary to interscalene 
blocks are mentioned in literature, handling a regional 
anaesthesia catastrophe in a tier II or III environment 
(remote/rural setting) is a very challenging situation, 
with a single anaesthesiologist requiring immediate 
help after a catastrophe. The primary aim is to 
stabilise the patient, assess the need for intubation and 
ventilation, stabilise haemodynamics with or without 
vasopressors/inotropes, and estimate the probable 
brain damage. The secondary aim is to inform the 
surgeon about the complication and to counsel the 

Table 1: Summary of demographics, surgery, block performed, complications and outcome
Demographics ASA‑PS/

Surgery
Block Type 
End‑Point

Volume and Local 
Anaesthetic 

Immediate 
Complications

Intervention Outcome

C1
Age 44 years/Male
Tier 2

I
Left Proximal 
Humerus

AL‑ISB
Shoulder 
paraesthesia

30 ml 0.5% BUP
Boluses of 5‑7 mL

Apnoea
Bradycardia
Hypotension

I and V
Atr/Meph

Left proximal 
humerus done; 
No Neurodeficit. 

C2
Age
35 years/Female
Tier 2

I
Right 
Proximal 
Humerus

NS‑ISB 
DMR 0.4 
mA

Attempted AL – 3 
pricks ‑abandoned – shifted 
to NS‑
15 mL 0.5% BUP
5 mL boluses

Bradycardia
Hypoventilation, Apnoea

Atr/Meph
I and V

Right proximal 
humerus done; 
No Neurodeficit.

C3
Age
67 years/Male
Tier 2

II
Left Proximal 
Humerus

NS‑ISB 
DMR 0.4 
mA

Attempted AL – 4 
pricks ‑abandoned – shifted 
to NS‑
15 mL 0.5% BUP
5 mL boluses

Bradycardia
Hypoventilation, Apnoea

I and V
HD‑N

Left proximal 
humerus 
postponed.

C4
Age
26 years/Male
Tier 1

I
Left and 
Right 
Proximal 
Humerus

NS‑ISB
Left=DMR 
0.4 mA
Right=BMR 
0.4 mA

Left 22 ml 0.5% BUP After 
Right=10 mL 0.5% BUP, 
developed respiratory 
problems

After Right=10 ml 
0.5% BUP, developed 
respiratory problems 
Hypopnoea; SaO2=70‑72% 
on 100% O2

I and V
HD‑N

Left proximal 
humerus done; 
Right proximal 
humerus 
postponed. 

AL=Anatomical Landmark, ISB=Interscalene Block, BUP=Bupivacaine, NS=Neurostimulation, DMR=Deltoid Motor Response, BMR=Biceps Motor response, 
I and V=Intubation and Ventilation, Atr=Atropine, Meph=Mephentermine, HD‑N=Haemodynamics Normal, C1=Case 1, C2=Case 2, C3=Case 3, C4= Case 4; 
SaO2=Peripheral oxygen saturation

Reassure
anaesthesiologist Inform relatives Give surgical option

to surgeon / relatives

Assess I/V
Haemodynamics

wait period for > 30minutes
Write NOTES

Extubation after
criteria fulfilled

Neurological
assessment

Reassess 
Involve Specialists

if required
Brief Surgeon

Figure 1: Road Map to Successful Outcome
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relatives as a team. The tertiary aim is to complete the 
surgery if relatives/surgeon consent to it.

It is important that the call is placed after the 
patient is stabilised. The receiver needs to know the 
circumstances and environment under which the 
caller is handling the case, the mind‑set of the surgeon 
and the relatives, the rapport with the surgeon and the 
availability of a specialist (cardiologist/intensivist). 
Based on these cases, we propose a road map for a 
successful outcome [Figure 1].

Apart from case management, all practising 
anaesthesiologists in remote and rural areas need to 
know the limitations of their respective working zones. 
An update in regional anaesthesia available on various 
social media platforms is highly appreciable. Attending 
accredited regional anaesthesia workshops once in a 
year should be a priority. Upgradation with modalities 
like neurostimulation and ultrasound, if possible, is 
a welcome decision. Moreover, the operation theatre 
staff should be made aware of grasping early signs of 
impending complications [for example, bradycardia 
and sweating during injection].

Simply understanding that high volumes of local 
anaesthetic injected in the interscalene groove can 
translocate into the neuraxial space leading to brief 
brain‑stem anaesthesia might help in reducing the 
volumes of the local anaesthetic agents used.[9] It is 
also imperative to understand that the same “shoulder 
paraesthesia” may be elicited with the needle tip 
lying in the C6 intervertebral foramina or in the 
interscalene groove, with the former leading to 
catastrophic outcomes.[9]

The pores and channels in the investing layer of 
cervical fascia communicate with deeper structures.[10] 
The multiple pricks with anatomical landmark‑guided 
attempts in cases C2 and C3 may have created 
multiple paths for the local anaesthetic to seep into 
the neuraxial space and elsewhere, as apnoea was 
delayed. In C4, we postulate that in the tenable 
existence of a left phrenic paresis, a right interscalene 
block would have led to bilateral diaphragmatic 
paresis. A  bilateral interscalene block should be 
discouraged, since grade I evidence exists of phrenic 
nerve paresis with ultrasound injection of more than 
5  mL in the interscalene groove.[11] De facto, the 
sensory and motor affection on the contralateral side 
confirms the epidural spread of local anaesthetic after 
interscalene block. Nevertheless, ultrasound-guided 

blocks are associated with better outcomes and fewer 
complications.[12]

CONCLUSION

We emphasise the role of teleconsultation in the 
event of an acute complication related to regional 
anaesthesia. The caller is expected to stabilise the 
patients before alerting his colleague. The receiver 
should be responsive, courteous, knowledgeable, 
prompt, and honest in his service. No disservice is 
expected from the receiver who manages his patient 
while discussing with the caller.
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Comparison of sitting versus 
lateral decubitus position during 
spinal anaesthesia on the 
occurrence of post‑dural puncture 
headache in patients undergoing 
lower segment caesarean 
section: A randomised controlled 
trial

INTRODUCTION

Lower segment caesarean sections are almost 
universally done under subarachnoid blockade, as 
they provide excellent sensory and motor blockade. 
Subarachnoid blockade requires minimal apparatus, 
is easy to expertise, maintains blood chemistry and 
maintains foeto‑maternal arterial blood gases.[1,2]

It also avoids the risk of aspiration and the risk of 
placental transfer of anaesthetic agents. Spinal 
anaesthesia can be given in the sitting, lateral, or 
rarely prone posture. Each posture has its own 
advantages and disadvantages. The lateral posture 
is more appropriate in frail and ill patients because 
there is less risk of orthostatic hypotension.[3,4] The 
advantage of the sitting posture is that midline 
structures can be easily identified in obese patients. 
In the obstetric population, it has the added advantage 
of avoiding compression of the major vessels such as 
the aorta and the inferior vena cava, thus avoiding 
the risk of supine hypotension syndrome which 
can accentuate the hypotension caused by the 
sympathetic blockade.

In the lateral recumbent posture, there is a better 
spread of the local anaesthetic, thus resulting in 
better sensory blockade. The only concern in the 
lateral posture is the compression of the axillary 
neurovascular structures (axillary artery, axillary vein, 
brachial plexus and lymph nodes).

Headache in the postoperative period could be a 
post‑dural puncture headache  (PDPH) or could be 
unrelated to spinal anaesthesia. In pregnancy, the 
reported incidence of PDPH is 0.3% to 40%.[5] The 
risk factors are size of the spinal needle, its design, 
direction of the bevel of spinal needle, number 

of times the dura was punctured, age, gender, 
pregnancy status and occurrence of PDPH in a 
previous surgery.[4] Apart from all these factors, the 
patient’s posture during dural puncture  (sitting or 
lateral recumbent) also influences the occurrence of 
PDPH.

PDPH has a characteristic feature that it arises 
within 72  h in 90% of patients.[4] From the site of 
the dural puncture, there is a continuous leakage of 
cerebrospinal fluid  (CSF) which leads to a decrease 
in the CSF pressure and this produces traction on the 
cranial nerves to cause headache.[6]

PDPH has a fronto-occipital distribution. Its hallmark 
is that its severity increases on standing and decreases 
in the supine position. It is distressing to the patient, 
delays discharge from hospital and impedes breast 
feeding and maternal care of the neonate.

It is unclear as to whether the posture of the patient 
during subarachnoid blockade leads to the occurrence 
of PDPH. The aim of this study was to compare the 
effect of the sitting and the lateral posture during  
subarachnoid blockade on the occurrence and severity 
of PDPH in the parturient.

METHODS

This randomised clinical trial was conducted in 
the department of Anaesthesiology of a medical 
college hospital from January 2020 to December 
2020. Prior permission  was obtained from the 
ethics committee of our institute and  the study  was 
registered in the Clinical Trials Registry‑India (CTRI) 
(CTRI//2020/05/025120)). The subarachnoid block was 
administered in the sitting posture (group A) or lateral 
posture (group B). When the surgery was completed, 
the parturient was transferred to the post‑anaesthesia 
care unit. The parturient was enquired about PDPH on 
postoperative days 1, 2, 3, 4 and 5. The severity was 
evaluated by the Numeric Rating Scale.

The incidence of PDPH and its severity were the 
primary outcomes and associated symptoms such as 
nausea, vomiting and photophobia were secondary 
outcomes in the study.

A sample of a total of 134 cases was required at 95% 
confidence and 80% power to verify the expected 
difference of 15.5% in the occurrence of PDPH in both 
groups (20.8% in the sitting posture versus 4.3% in the 
lateral posture).
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Statistical analysis was done using Statistical Package 
for the Social Sciences, version  21 for Windows 
(SPSS inc., Chicago, IL, USA). The categorical data 
were presented as numbers % and compared by 
Chi‑square test. The quantitative data were presented 
as mean  ±  standard deviation and compared by 
Student’s t‑test (P < 0.05 as statistically significant).

RESULTS

The overall incidence of PDPH was 11.19% in our 
study. In group  A, 17.91% and in group  B, 4.48% 
developed PDPH. Thus, it was more in the sitting 
posture (P value 0.028, statistically significant)

In group A, the incidence of PDPH was 8.96%, 14.93%, 
17.91% and 4.48% on postoperative days 1, 2, 3 and 4, 
respectively. In group B, it was 4.48% on postoperative 
days 1 and 2 and 1.49% on postoperative day 3. The 
incidence in group A was maximum on day 3 (P value 
0.004)) statistically significant)

In group  A, out of 12  patients, 6  (50%) patients 
developed PDPH on postoperative day 1, 4  (33.33%) 
patients on day 2 and 2 (16.66%) patients on day 3. In 
group B, all 3 (100%) patients developed PDPH on day 
1 [Table 1].

In group  A, out of 12  patients with PDPH, 8  (66%) 
patients had mild and 4 (33%) patients had moderate 
PDPH. In group  B, all 3  (100%) patients had mild 
PDPH. None had a severe headache [Figure 1].

In group  A, 12  (17.91%) patients had nausea and 
9  (13.43%) had vomiting, while in group  B, it was 
3 (4.48%) and 1 (1.49%), respectively. The occurrence 
of nausea (P value 0.028) and vomiting (P value 0.021) 
were more in the sitting position.

DISCUSSION

The incidence of PDPH was more in the sitting 

posture in our study population  (P value 0.028). 
Davoudi M et  al.[4] also found that the incidence 
was more in the sitting  (20.8%) than in the lateral 
posture  (4.3%)  (P  =  0.017). Majd SA et  al.[7] found 
that the incidence was significantly less in the 
lateral posture  (16.6%) as compared to the sitting 
posture (45%). The meta‑analysis by Zorilla‑Vaca A[8] 
showed results similar to our study.

In our study, the incidence of PDPH in group A was 
maximum on day 3. Our results coincide with the 
results of Davoudi M et al.[4] [Table 1].

The severity of PDPH was mild to moderate in 
both groups. None of the patients had a severe 
headache. Nausea and vomiting were remarkably 
more in the sitting posture as compared to the lateral 
recumbent  (P  <  0.05). Similar results have been 
obtained by other researchers[4,9,10] [Figure 1].

After the dural puncture, the dural defect is healed by 
fibrosis of the nearby tissues. There are several possible 
mechanisms for the increased incidence of PDPH in 
the sitting posture. First, dural healing may be delayed 
because the spaces between two vertebrae are more 
noticeable, and hence, needle puncture is easier and 
less traumatic.[6] Second, the CSF pressure is more in 
the sitting position  (40  cm H2O) than in the lateral 
position  (5‑20  cm H2O). This higher CSF pressure 
increases the duration of the CSF leak. Third, the spinal 
needle is at a 900 angle to the dural fibres, thus making 
a larger hole and an extended duration of CSF leakage.[4] 
Nevertheless, all the patients were treated with positive 
reassurance, bed rest, avoidance of pillow, adequate 
hydration, caffeine, analgesics and antiemetics.

CONCLUSION

We conclude that there is a decreased incidence 
and severity of PDPH when the subarachnoid block 
is administered in the lateral recumbent posture as 

Table 1: Comparison of incidence of PDPH at various time 
intervals

Variable Group A Group B P
n % n %
12 17.91 3 4.48 0.028 (S)

Incidence of PDPH on POD1 6 8.96 3 4.48 0.490 (NS)
Incidence of PDPH on POD2 10 14.93 3 4.48 0.080 (NS)
Incidence of PDPH on POD3 12 17.91 1 1.49 0.004 (S)
Incidence of PDPH on POD4 3 4.48 0 0 0.243 (NS)
Incidence of PDPH on POD5 0 0 0 0
PDPH: Post‑dural puncture headache; POD: Postoperative day; S: Significant; 
NS: Not significant; n: Number
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Figure 1: Difference in the severity of PDPH by Numerical Rating Scale
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compared to that given in the sitting posture. Thus, 
it is preferable to give spinal anaesthesia in the lateral 
posture.
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Hypertension and tachycardia 
following high spinal anaesthesia 
during lower segment caesarean 
section: An unusual presentation

Sir,

We describe a case of hypertension following high 
spinal anaesthesia in a parturient undergoing 
emergency lower segment caesarean section (LSCS). 
A 26‑year‑old primigravida without any comorbidities 
was brought for emergency LSCS in view of 
non‑progression of labour. Her baseline vitals were as 
follows: heart rate (HR) 86/min; non‑invasive blood 
pressure (NIBP) 116/72  mmHg; peripheral oxygen 
saturation (SpO2) 99% on room air. Subarachnoid 
block (SAB) was performed with 1.8 ml of hyperbaric 
bupivacaine (0.5%). Initial sensory level of blockade 
(checked with pin‑prick) was T4. Immediately after 
administration of SAB, NIBP fell to 78/40 mmHg for 
which intravenous  (IV) mephentermine 3  mg was 
administered and the rate of administration of IV 
fluids was increased. After a minute, NIBP increased 
to 106/56  mmHg. After 5  minutes of administration 
of the SAB, the patient complained of breathlessness, 
though the SpO2 was 98%, for which 100% oxygen 
was administered with a closed breathing circuit. It 
was observed that the patient was generating 40–60 ml 
of tidal volume (VT) and minute ventilation (MV) of 
1.4  l/min−1 with respiratory rate  (RR) of 35  min−1. 
There was almost no visible chest excursion, and 
she was using her accessory muscles of respiration. 

High spinal anaesthesia was suspected. A  sensory 
level of blockade up to T1 was noted at that time 
along with good hand grip strength. Her vitals 
were: HR 106  min−1, NIBP 170/102  mmHg, RR 
38 min−1, SpO2 98% with fraction of inspired oxygen 
concentration  (FiO2) of 1.0 and end‑tidal carbon 
dioxide  (EtCO2) of 6–8  mmHg. Airway equipment 
and drugs were kept ready for intubation in case the 
need arose. However, assuming that diaphragmatic 
excursion may improve after delivery of the baby, 
intubation was not attempted immediately. Difficulty 
in breathing lasted for 3 minutes and by that time the 
baby was delivered. The patient started generating 
a VT of 160–200  ml which improved MV to 5.4  l/
min−1 with a RR of 30  min−1. The EtCO2 increased 
to 24–30  mmHg. Over the next 5  minutes, her VT 
improved to 400  ml and RR fell to 20  min−1. Here 
vitals were: HR 90  min−1, NIBP 130/72  mmHg and 
SpO2 99% with FiO2 of 0.4. The higher HR and BP 
despite the high level of spinal anaesthesia in this 
patient were probably due to hypercarbia leading to 
central sympathetic stimulation.

Hypertension following SAB has been described 
in literature.[1,2] However, no cases of hypertension 
following high spinal anaesthesia have been reported 
so far. In our case, the other possible causes of 
hypertension such as distended urinary bladder, 
patient anxiety, inappropriate sized non‑invasive 
blood pressure cuff and pre‑existing hypertensive 
disorders were ruled out. The patient had a sensory 
level of T1 with absent chest excursion suggesting 
paralysis of the intercostal muscles, with intact 
accessory muscles of respiration. The resultant 
hypoventilation may have resulted in carbon dioxide 
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Figure 1: Management of various haemodynamic perturbations during spinal anaesthesia. *Rule out confounders: distended urinary bladder, 
patient anxiety, inappropriate sized non‑invasive blood pressure cuff, pre‑existing hypertensive disorders
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retention leading to hypertension and tachycardia 
from central sympathetic stimulation.[3] Following 
delivery of the baby, improved diaphragmatic 
excursion resulted in an increase in her minute 
ventilation, which aided in carbon dioxide washout. 
A  guide to managing the various haemodynamic 
perturbations in spinal anaesthesia is provided in 
Figure 1.

The external intercostal muscles of the upper rib 
cage are inspiratory in function and are innervated 
by T1–T6 intercostal nerves. During pregnancy, 
the relative contribution by the diaphragm and 
the inspiratory intercostal muscles remains 
unchanged.[4] The accessory muscles of inspiration 
such as the sternocleidomastoid and scalene are 
innervated from cervical segments, and hence were 
preserved in our patient. Diaphragm, which is the 
principal inspiratory muscle contributing  ~65% to 
the vital capacity, is innervated by C3–C5 cervical 
roots and was also preserved.[5] However, the cephalad 
displacement of the diaphragm due to the enlarged 
uterus and the supine position for surgery resulted 
in reduced excursion of the diaphragm in the patient. 
The minute ventilation significantly improved 
after delivery resulting in gradual correction of the 
hypertension and tachycardia.

Thus, although hypotension and bradycardia are 
commonly observed after high spinal anaesthesia, 
hypoventilation secondary to respiratory muscle 
paralysis may present as hypertension and tachycardia 
and this needs to be kept in mind.
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Pseudohypoglycaemia in a case 
of bilateral cervical rib

Sir,

A 60‑year‑old woman was brought to the emergency 
room with the complaints of giddiness and fall at home 

sustaining head injury. Apart from dementia, rest of 
the history was unremarkable. She was thin built, 
very pale, disoriented, and had a scalp wound over the 
left parietal region which was bleeding actively. Her 
vital parameters were normal except for feeble radial 
pulses and cold hands. Fingertip capillary glucometer 
recorded a glucose value of 34 mg/dl which was treated 
immediately with intravenous glucose infusion, and 
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the scalp wound was cleaned and sutured under 
local anaesthesia. Computed tomography of the brain 
revealed no abnormality. Blood investigations showed 
a haemoglobin of 4.8  gm/dl with a hypochromic 
microcytic anaemia and thrombocytosis. She was 
shifted to the neuro intensive care unit. Her glucose 
levels were persistently less than 40  mg/dl. She 
was evaluated for chronic anaemia and persistent 
hypoglycaemia. Ultrasonography of the abdomen, 
thyroid function tests and cortisol levels were normal. 
She was having low serum iron, ferritin and transferrin 
saturation with increased total iron binding capacity 
suggestive of iron deficiency anaemia. She did not have 
any history of bleeding episodes and stool for occult 
blood was negative. There was significant discrepancy 
noted with the laboratory blood glucose measurements 
and point of care glucometer values taken from the 
finger tips. Further glucose was not administered as 
she was asymptomatic and the glucometer values 
were discredited, considering it as apparatus error. 
Two units of packed red cells were transfused and the 
haemoglobin improved to 7.8  gm/dl. Subsequently, 
she developed cyanosis of bilateral finger tips and 
the pulse oximeter failed to show a plethysmograph. 
Surprisingly, she did not have further episodes of 
hypoglycaemia even with capillary glucometer testing. 
The peculiarity was that these values were from blood 
sampling done in the toe tips in view of cyanosis in the 
finger tips. There was correlation between laboratory 
glucose values and glucometer values obtained from 
toe tip capillaries. Eventually, she was diagnosed to 
have bilateral occult partial cervical rib in the chest 
radiograph which was managed conservatively.

Our patient was a simple case of iron deficiency 
anaemia due to poor iron intake. She was 
symptomatic with giddiness and fatigue which led 
to a trivial fall and head injury. She also had partial 
cervical rib. Cases of partial cervical rib might  not 
present  with symptoms of hypoperfusion. Though 
the incidence of cervical rib is around 1.12 percent 
in the Indian population, most cases are unilateral 
and are incidentally detected. Rarely they can 
cause thoracic outlet syndrome.[1,2] Our patient had 
chronic anaemia which could have improved blood 
rheology and precluded the manifestations of low 
perfusion.[3] She did not present with peripheral 
cyanosis initially, probably due to low haemoglobin 
values.[4] Capillary glucose could be low in these 

patients due to the hypoperfusion, stasis and 
subsequent demand supply mismatch. Our case 
was unique in the bilateral nature of presentation 
wherein the anaemia prevented the manifestations 
of cyanosis and hypoperfusion, necessitating 
extensive workup for the cause of hypoglycaemia. 
Discrepancy of the laboratory and glucometer 
values added further to the confusion. Initially, the 
symptoms of head injury also masqueraded as that of 
hypoglycaemia necessitating unnecessary treatment 
of the pseudohypoglycaemia. This was a case of 
regional hypoglycaemia which is falsely protracted 
as systemic hypoglycaemia due to unavoidable 
circumstances.[5] Nevertheless, we readdress that 
cases with hypoperfusion of fingertips can give low 
capillary glucose measurements and hence have to 
be interpreted carefully.
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Paratubal cyst: A trigger for 
intra‑operative vasovagal reflex

Sir,

The vasovagal reflex, a complex neurocardiogenic 
reflex, breaks down the autonomic control of heart 
rate and blood pressure affecting adequate systemic 
perfusion.[1] The afferents for this reflex are carried 
by the general visceral afferents of the vagus nerve to 
the nucleus of the solitary tract, producing an efferent, 
phasic, abrupt and rapidly reversible parasympathetic 
response through the dorsal motor nucleus, which 
manifests as relative sinus bradycardia, sinus arrest 
or paroxysmal atrioventricular block. A  manifold of 
intra‑operative inputs may trigger the vasovagal reflex, 
including peritoneal stretch, surgical traction on 
visceral ligaments, manipulation of abdominal contents, 
bladder distension and even direct laryngoscopy.[2]

A 31‑year‑old, 33 weeks‑primigravida, presented with 
complaints of headache, blurring of vision and pedal 
oedema since the last 3 days. She was diagnosed with 
gestational hypertension and an emergency category II 
lower segment caesarean section was planned in view 
of the reversed end‑diastolic flow in the umbilical 
artery. The pre‑operative evaluation was essentially 
unremarkable and regional anaesthesia was planned 
using a sub‑arachnoid block  (SAB). Injection 
bupivacaine  (heavy) 0.5%  (Anawin Heavy, Neon), 
2  ml was administered in the intrathecal space at 
L3‑L4 intervertebral level using a 26G Quincke spinal 
needle in the sitting position. Loss of temperature 
sensation to alcohol swab was achieved up to T4 
level within 10 min. Simultaneously, the patient was 
co‑loaded with intravenous Ringer’s Lactate  (total 
900  ml) and her vital parameters remained stable. 

After 8  minutes of skin incision, the baby was 
delivered. Injection oxytocin 20IU was given in a 
slow infusion of normal saline. After the closure of 
the uterus, further exploration of the adnexa showed 
a 10 cm x 5 cm right paratubal cyst. As the operating 
team punctured the cyst in a guarded manner, the 
patient expressed sudden restlessness, nausea, 
light‑headedness and pallor concomitant with sudden 
severe bradycardia. The electrocardiogram  (ECG) 
showed a transient second‑degree atrioventricular 
block followed by a complete heart block. The 
operating team was informed immediately and the 
procedure was stopped temporarily. Sinus rhythm 
returned on the ECG after prompt intravenous 
injection of atropine 0.6 mg followed by 20 ml normal 
saline. The level of blockade by SAB was reassessed 
after achieving haemodynamic stability and it was 
adequate. A cystectomy was performed and the rest of 
the surgical procedure was uneventful. The specimen 
was sent for histopathological co‑relation and was 
reported to be a paratubal cyst. The patient’s history 
was revisited and it revealed no previous vasovagal 
episodes (fainting spell).

A shift in the balance of the autonomic nervous 
system toward parasympathetic predominance 
intra‑operatively may be precipitated by either surgical 
stimulation of visceral vagal afferents or initiated by the 
Bezold‑Jarisch reflex (BJR). The temporal association 
of ECG changes with adnexal manipulation, in this 
case, suggests a directly elicited reflex by the surgical 
stimulation of general visceral afferents of the vagus 
nerve rather than an indirect one caused by the 
BJR. The patient was sufficiently hydrated before 
the onset of sudden severe bradycardia excluding 
the chances of hypovolaemia. Further, bradycardia 
resolved immediately after the interruption of surgical 
stimulation and/or prompt intravenous injection of an 
anticholinergic agent.
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We reviewed the magnitude of the vagal supply to the 
female reproductive organs to explore the biological 
association of this rare presentation. Anatomic studies 
in rats indicate vagal innervation of the uterus and the 
ovary.[3] Electrophysiologic evidence supporting the 
existence of a brain stem‑uterus circuit is provided by 
animal studies that involve the vagus nerve.[4] Welento 
et al.[5] in a bovine study, showed that a small number 
of vagal nerve fibers are sent directly from the central 
nervous system to the uterus. Engel suggested the 
existence of vagal innervation of the human uterus and 
sex organs while reviewing some rare reflexes that are 
mediated by the vagus nerve.[6] There is a description 
of severe bradycardia in surgical literature during the 
handling of the spermatic cord, and thereby proposing 
that the stimulation of embryologically equivalent 
structures may elicit similar rare reflex activity 
in both genders.[7] Surgical manipulation of the 
paratubal cyst caused sudden severe cardiovascular 
depression in our case. We believe that an afferent 
impulse originating either from the ovary, uterus or 
the fallopian tube itself could have elicited efferent 
vagal over‑activity in the cardiovascular system. 
We suggest that effective prophylactic measures to 
prevent this catastrophic event should be the areas of 
further research.
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A rare cause of respiratory 
distress in the critical care 
setting

Sir,

We would like to share our experience about the 
diagnosis and management of a rare case of respiratory 
distress in an elderly male. A 77‑year‑old male presented 
to our intensive care unit  (ICU) with complaints of 
breathlessness and palpitations. He was a known case 
of hypertension and depression for which he was on 
regular medications. On examination, he was afebrile, 
his peripheral oxygen saturation on room air was 86% 
to 88% and with oxygen supplementation, it increased 
to 92%. His respiratory rate was 14/min and regular. 
The electrocardiogram  (ECG) revealed normal sinus 
tachycardia with a heart rate of 103/min. His blood 
pressure was 168/100 mm of Hg. Auscultation revealed 
diminished air entry in the right infra‑axillary region. The 
abdomen was mildly distended without any guarding 
or rigidity.His throat and nasopharyngeal swabs were 
sent for reverse transcriptase polymerase chain reaction 
to rule out coronavirus disease  (COVID)‑19 infection 
and it turned out to be negative. Considering the age, 
symptoms and history of long‑standing hypertension, 
we presumed that the cause could be attributed to a 
cardiac event. A Troponin T‑test was done immediately 
and was found to be normal. Echocardiography 
revealed an ejection fraction of 58% without any 
regional wall motion abnormalities. Simultaneously, 
as we were investigating the cardiac aetiology, we did 
an arterial blood gas  (ABG) analysis, which revealed 

a partial pressure of oxygen  (PaO2) of 60mm of Hg 
with a fraction of inspired oxygen  (FiO2) 0.4, partial 
pressure of carbon dioxide (PaCO2) of 42mm of Hg and 
a pH 7.36. The presence of psychiatric illness which 
could also be a cause of respiratory distress complicated 
the clinical picture and resulted in the delay in 
diagnosis and definitive management. Psychogenic 
dyspnoea is always a diagnosis of exclusion. It is seen 
during panic attacks, psychogenic hyperventilation 
syndrome and compulsive sighing. But in our case, 
the patient’s respiratory attempts were normal without 
any hyperventilation or sighing episodes and the ABG 
analysis revealed normocapnia. The chest radiogram 
revealed elevation of the right hemidiaphragm with 
suspected pneumo‑peritoneum  [Figure  1]. These 
findings prompted us to think in terms of an abdominal 
pathology to be the cause of this respiratory distress. On 
repeated enquiry about the bowel habits, the patient 
gave a history of constipation for the past 3  days. 
The patient was subsequently subjected to computed 
tomography of the abdomen [Figure 2], which revealed 
the presence of a dilated colon interposed between the 
liver and right diaphragm (Chilaiditi sign).[1] Hence, we 
came to the conclusion that the probable cause of the 
respiratory distress and palpitation could have been the 
distended colon elevating the right hemi-diaphragm 
and leading to restrictive lung function. The absence of 
fever, cough, contact history, serology and radiographic 
findings made us exclude COVID‑19.[2] Chilaiditi sign 
is a radiological diagnosis showing the interposition of 
the colon between the liver and diaphragm. When the 
same is accompanied by symptoms such as dyspnoea 
and cardiovascular manifestations, it is called Chilaiditi 

Figure 1: Chest radiogram showing elevation of right hemi‑diaphragm
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Figure 2: Computerised tomography of the abdomen showing dilated 
bowel loops interposed between the liver and diaphragm
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syndrome.[3] The patient was administered a bisacodyl 
suppository following which he was relieved of his 
constipation and the respiratory symptoms improved 
dramatically. The patient was later referred to the 
department of surgical gastroenterology for further 
management. Although Chilaiditi syndrome has been 
reported as a cause of respiratory distress among the 
elderly in the past, it was never reported in a patient 
with co‑morbidities (hypertension and depression) 
which shielded its (Chilaiditi syndrome) very existence 
causing a delay in diagnosis.[4,5] We conclude that 
Chilaiditi syndrome is a very rare cause of dyspnoea in 
the elderly, and hence the diagnosis and management 
of every patient has to be individualised.
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American Society of 
Anesthesiologists (ASA) 
classification of the post‑COVID 
patients: Separate sub-class 
needed?

Sir,

With extensive vaccine outreach, the pandemic 
caused by the severe acute respiratory syndrome 
coronavirus  (SARS‑CoV)‑2 is nearing the end. The 
pandemic has pushed the dates for elective surgical 
procedures from weeks to years in several countries in 

the past two years and there is insufficient published 
literature, guidelines, or protocols regarding the 
perioperative management, morbidity and mortality of 
coronavirus disease  (COVID)‑19‑recovered patients.[1] 
To address this backlog, the number of interventional 
procedures need to go up and consequently, we 
have been encountering several patients in their 
post‑COVID‑19 phase with varying functional 
capacities. Although 80% of these COVID‑19 
recovered patients had had no or minimal symptoms 
when they were diseased, this does not translate to a 
risk‑free perioperative course. Even patients with a 
history of asymptomatic COVID‑19 or those who had 
experienced mild COVID‑19 without hospitalisation 
are known to be at risk of COVID‑associated 
perioperative complications.[2] Post‑COVID syndrome 
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has been defined as persistent residual symptoms 
beyond 12 weeks after recovery from COVID‑19. The 
most common symptoms include anosmia, ageusia, 
fatigue or shortness of breath seldom complicated 
by pulmonary fibrosis, impaired diffusion capacity, 
cardiac arrhythmias and pulmonary hypertension. 
These patients are at high risk of catastrophic 
complications like bronchospasm, rapid desaturation, 
thromboembolic events (deep venous, pulmonary and 
cerebrovascular), need for postoperative mechanical 
ventilation and prolonged hospital stay. Inflammatory 
markers like D dimer, C‑reactive protein and serum 
ferritin have been known to remain elevated for 
6–8  weeks and hence do not possess a significant 
prognostic value.[3]

For the last 60  years, the American Society of 
Anesthesiologists (ASA) physical status classification 
has been the gold standard to stratify the risk of 
morbidity and mortality in perioperative patients. 
This classification ranges from ASA I, posing the 
least concern, to ASA VI being brain dead patients 
with special mention of emergency surgeries denoted 
as E. There have been regular amendments in the 
classification system to include more comorbidities 
and rectify the drawbacks.

With the recent pandemic affecting hundreds of 
millions of people, the need of the hour is to create 
a separate class or subclass or labelled suffix such as 
post‑COVID (PC) or COVID‑recovered (CR) for these 
patients. Although initial studies have been pointing 
towards a poorer perioperative outcome in post‑COVID 
patients, there is still a lack of sufficient data to 
prognosticate the perioperative risk that increases 
with the history of COVID‑19.[4] A clear protocol 
including radiological investigations like compression 
ultrasound, echocardiography, haematological 
investigations such as inflammatory markers and 
pulmonary function tests needs to be formulated for 
special concerns during the preoperative evaluation of 
such patients.

In conclusion, using a separate classification for 
post‑COVID patients may aid better documentation, 
and data collection which can be used as the basis 
for larger multicentric studies to ascertain the added 
risk of mortality and morbidity and hence a refined 
understanding of the disease. This uniformity in 

documentation can lead to better research with robust 
data that can be used to identify better prognostic 
markers of perioperative and long‑term outcomes in 
post‑COVID patients. This may further inform the 
need for preoperative optimisation before elective 
surgical procedures and consequently reduce the 
incidence of postoperative complications. With a 
changed global outlook post‑pandemic, this may be a 
stepping stone for better perioperative care and hence 
the overall outcome of surgical illnesses. Documenting 
a separate category may help us to anticipate problems 
and provide focused perioperative care to such 
patients. This will avoid surprise events as we can be 
better prepared to face such complications as corona 
warriors, relieve stress and strengthen morale.[5] Thus, 
COVID‑19 disease in the past may not be adequately 
risk stratified by the ASA PS risk stratification for 
future documentation. However, we feel this is a 
preliminary observation and may need a future paper 
for validation.
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Comment on: Continuous 
incremental interscalene block for 
proximal humerus in patients with 
severe pulmonary injury

Sir,

I read with interest the article by Diwan et  al.[1] 
regarding the continuous interscalene block. I wish to 
ask certain clarifications regarding the same. There is 
a mention of the use of single‑shot serratus anterior 
block (SAB) for pain whereas in Table 1, the patients 
have received a continuous infusion in addition. How 
did they position the patient for the SAB which ideally 
requires arm abduction? Did the visual analogue scale 
(VAS) scores and respiratory function improve? Was 
the block area free of subcutaneous emphysema as 
the altered anatomy can hinder block placement? The 
time profile of various interventions and pain relief 
are not mentioned clearly. Was the surgery done solely 
under block or was general anaesthesia administered? 
The incidence of diaphragmatic paralysis even 
with low volumes like 8  ml is 45% during an 
interscalene approach.[2] The use of 9 ml is likely to 
affect respiratory function. Significant worsening of 
diaphragm movement after the blocks could have been 
avoided by using different infraclavicular approaches 
especially the costoclavicular approach which is 
less likely to affect the respiratory variables.[3,4] The 
infraclavicular space is deeper and with muscles in 
front is better suited for catheters. I wish to know the 
rationale behind the volume and concentration used 
for the superficial cervical plexus block. Bringing in 
more clarity on the targets of nociception would be 
helpful. In the discussion, the rationale for splitting 
the doses and its advantages has not been clearly 
mentioned. To reduce radiation exposure, magnetic 
resonance imaging could have been used to evaluate 
dye spread post-procedure.
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Response to comments: 
Continuous incremental 
interscalene block for proximal 
humerus in patients with severe 
pulmonary injury

Sir,

We thank the author for his interest in our article and 
also for making constructive comments.[1] Our answers 
to the pertinent queries are as follows and we hope 
that the author will be satisfied with the same.

Abduction of the upper limb is not absolutely necessary 
for a serratus anterior plane block  (SAPB). Both 
in‑plane and out‑of‑plane SAPBs can be performed 
without any obstacles.[2]

The article clearly mentions that the surgical 
procedures were performed under block only. We did 
mention the volumes of more than 6 to 9 ml decreasing 
the oxygen saturation, a point where we did not inject 
further but did observe an adequate block efficacy.

For awake shoulder surgeries, one would choose an 
incremental interscalene block through the catheter 
instead of infraclavicular/costoclavicular blocks, 
perhaps, for analgesic purposes. We wish to bring it to 
notice that for a costoclavicular block, arm abduction 
is mandatory and based on the authors’ concern in 
such situations, it cannot be performed without arm 
abduction.[3]

We are unsure why the reader felt that 2  ml of 
0.25% bupivacaine should be an issue. A superficial 
cervical plexus provides cutaneous innervation of the 
shoulder, until the mid‑arm laterally. Fascicles from 
C5‑6 innervate the proximal humerus.[4] The computed 
tomography contrast studies were not funded by the 
institute but were paid by the author  (SD) without 
any external help and were executed at subsidised 
costs. We agree a magnetic resonance imaging would 
have been ideal, but we could not afford the costs that 
would have to be incurred.
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