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Change is an essence of life and paediatric anaesthesia
is no exception to this. Both, the art and science of
paediatric anaesthesia have markedly changed in
the new millennium. Because of the ethical issues
involved in paediatric experimentation and lack
of industry sponsorship for fear of smaller market
size, research in paediatric anaesthesia was earlier
limited. Most of the strategies were extrapolated from
research involving adults. However, the scenario is
changing of late, and research on paediatric devices,
drugs and techniques is steadily paving the way to
newer clinical practices. This is largely evident in
the seven articles pertaining to paediatric anaesthesia
being published in this issue of the Indian Journal of
Anaesthesia (IJA).*7

Drugs like dexmedetomidine and ketamine are a
hot topic of research in all age groups including
children.®9 The highly selective o2-adrenergic
receptor agonist, dexmedetomidine (DEX) with
its anxiolytic, sedative, hypnotic, analgesic, and
sympatholytic effects with minimal respiratory
depression and fairly good haemodynamic stability
has taken a special place in the perioperative period
in children. It is used as a premedicant of choice,
sedative for airway and neurosurgical procedures,
stress attenuator in cardiac surgery, and as an
analgesic for painful procedures. The use of DEX for
sedation in imaging studies is also well established.

Anaesthesiology, Madurai Medical College, Madurai, Tamil Nadu, 3Department of Anaesthesiology and
Intensive Care, Gian Sagar Medical College and Hospital, Banur, Patiala, Punjab, India

Address for correspondence: Dr. Sukhminder Jit Singh Bajwa,
Department of Anaesthesia and Intensive Care, Gian Sagar Medical College and Hospital, Banur, Patiala,

E-mail: sukhminder_bajwa2001@yahoo.com

In the new millennium, supraglottic airway devices
have become airway devices of choice for peripheral
or superficial procedures. Endotracheal intubation is
restricted only for patients with high risk of aspiration,
low thoracic compliance, high airway resistance,
lengthy procedures or surgery in the prone position.
Microcuff tubes, in-spite of having a lot of advantages,
have still not replaced plain tubes in India because
of the higher cost and availability issues. Also, their
safety is yet to be established in neonates and infants
and large well-designed trials on them are needed.

Currently, we have anaesthesia work stations which
not only have the capability to give tidal volume of
5 mLin the pressure-controlled ventilation (PCV) mode
and 20 mL in the volume-controlled ventilation (VCV)
mode, but also provide precise delivery with fresh
gas compensation or decoupling. The closed circuit
with circle absorber is being frequently used and is
replacing Jackson Rees circuit even in infants. In fact,
dual controlled modes like pressure-regulated volume
control (PRVC) or pressure-controlled mode with
volume guarantee (PCVVG) are replacing PCV or VCV
mode except in neonates. Dual control modes may
not be suitable for preterm neonates, as the lowest
tidal volume that they give is 20 ml. Abdallah et al.
have reported a study in this issue of the IJA wherein,
the regional cerebral oxygen saturation (rScO2) was
measured by near-infrared spectroscopy (NIRS) in
30 full-term neonates weighing more than 2,500 g
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and undergoing either VCV or PCV through uncuffed
tubes during thoracoscopic surgery. They reported
more episodes of cerebral desaturation, higher
fractional inspired concentration of oxygen (FIO,),
positive end-expiratory pressure (PEEP) requirement,
and higher partial pressure of carbon dioxide (PaCO,)
levels with PCV mode compared with the VCV mode.
The exact cause for this cannot be determined from the
article. Perhaps, a larger study, with the measurement
of partial pressure of oxygen (PaO,), PaCO, and
mean arterial pressure during an episode of cerebral
desaturation may help in ascertaining the cause.

We were ruled over by the coronavirus disease
(COVID-19) in the last 2 years and paediatric tertiary
care centres were overburdened with surgical cases
as well as intensive care unit patients. In spite of all
the initial hurdles, the medical fraternity managed
the pandemic in an excellent manner and each of
us deserve special appreciation. On a positive note,
the COVID-19 pandemic brought in newer ideas
and innovations in anaesthesia. Telemedicine came
up during the COVID-19 pandemic. The use of an
electronic stethoscope for preoperative checkup is
a novel concept and research on this application
in telemedicine is a very good idea. In a study by
Neeleshwar et al. being published in this issue of
the IJA, the authors have explored the preoperative
use of the electronic stethoscope, and found that the
electronic stethoscope did not improve the detection
rate of murmur when compared with the acoustic
stethoscope. As per manufacturer instructions, mobile
phones near the device have to be switched off. The
patient must remain quiet during examination and
the ambient noise has to be kept to the lowest level
possible. This seems to be practically difficult in
small babies;™ Nevertheless, slowly and steadily, most
of the neonatologists, paediatricians and paediatric
anaesthesiologists are learning the use of basic
transthoracic echocardiography; so when in doubt,
they will simply apply an echo probe and rule out
gross anomalies.

The second major positive outcome of the COVID-19
pandemic was the abundance of webinars and data
analysis which kept medical education and research
alive. An article in this issue of the IJA is based on
a survey and has highlighted some of the major
difficulties in paediatric anaesthesia practice during
the COVID-19 times.”! Anaesthesiologists were given
prominent positions to design and develop dedicated
COVID-19 operation theatres and intensive care

622

areas. Innovative strategies such as high-efficiency
particulate absorbing (HEPA) filters and negative
pressure chambers came into the limelight, and we
will now be able to use them for all infected cases.!""!
The submission of research studies on these innovative
strategies continues unabated and this issue of the
IJA carries an experimental study that describes the
functional analysis of a negative pressure canopy unit
developed to reduce infective aerosol and droplet
spread in ad-hoc wards.!"!

During and after the pandemic, anaesthesiologists who
were hesitant to use a circle absorber with low flow
techniques updated their knowledge and skills and
a majority have now adapted them. Administrators
could be convinced to provide video laryngoscopes,
microcuffed tubes, and heat and moisture exchangers
with viral filters. We realised the importance of total
intravenous anaesthesia (TIVA) and target control
infusion (TCI). Probably, in the future, the balance may
shift toward TIVA/TCI over inhalational anaesthesia
in children.

Though general anaesthesia (GA), by and large, is the
preferred technique of choice in the paediatric age group,
during the COVID-19 pandemic, there was a paradigm
shift to regional anaesthesia even in centres that
practised GA as aroutine. The availability of reasonably
priced ultrasound machines, and less cardiotoxic local
anaesthetics have made it more practical to use regional
anaesthesia as a part of multimodal analgesia in this
era wherein strategies such as opioid-free anaesthesia
are being explored. In addition, online webinars, video
demonstrations, etc., have helped to spread awareness
amongst anaesthesiologists about regional anaesthesia
techniques.

Furthermore, of late, there has been an increasing
emphasis on the use of peripheral nerve blocks over
central neuraxial blocks in children including neonates
due to the higher risk of complications.!**'* The authors
(Hylton JR and Singh et al.) of two articles in this issue
of the IJA have reported uncommon complications
such as Harlequin syndrome and foot drop, both of
which were associated with epidural anesthesia in
children.*® Harlequin syndrome is characterised by
unilateral facial flushing on the unaffected side and has
been reported in paediatric patients having thoracic
epidurals.™ The proposed mechanism is a unilateral
disruption in the T2-T3 sympathetic fibers secondary to
asymmetric distribution of the local anaesthetic in the
epidural space. There are a few interesting observations
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in the case report by Hylton JR. Firstly, the appearance
of facial flushing occurred only after the initiation
of infusion containing two adjuvants [clonidine and
hydromorphone]. Secondly, this resolved after the
temporary discontinuation of the infusion and did
not reappear when the infusion was restarted at a
lower dose. The need for two adjuvants, especially
the hydrophilic opioid hydromorphone in an epidural
infusion is not clear. The nature of pain in an osteotomy
is manageable with a routine combination of a local
anaesthetic and hydrophobic opioid-like fentanyl. In a
recent article about error traps in paediatric regional
anaesthesia, the authors highlight that commission
bias a tendency to action over inaction, and a form of
cognitive bias, can play a role in the clinician’s choice
of appropriate analgesics."®”! Thirdly, though the
sympathetic block resulting in Harlequin syndrome
was seen only on one side, the patient had good
analgesia, possibly reinforcing the concept that the
sympathetic block spread was 2-3 segments higher
than a sensory block.™

Hydromorphone, though unavailable in the Indian
scenario, is claimed to have some benefits over fentanyl
ormorphine due to its moderate hydrophilicity [octanol
buffer distribution coefficient of 525]. This translates to
a spinal level action at the site of administration rather
than a cranial spread [as with morphine] or systemic
absorption [as with fentanyl] and a lesser incidence of
delayed respiratory depression or pruritus compared
to morphine."®'*! However, the neurotoxic effects of
such drugs at the microscopic level are not clear and
the effects of these on children need to be ascertained
before using them. On the other hand, clonidine is
freely available and has evidence to support its safe use
as an adjuvant in regional anaesthesia techniques.*"

Nerve injury or damage from central neuraxial blocks
is a rare but distressing complication. The Pediatric
Regional Anesthesia Network (PRAN) database, which
is the largest database looking at complications from
paediatric regional anaesthesia, has mentioned a rate
of 0.24 per 1,000 cases of central neuraxial blocks,
most of which were sensory in nature.* The foot
drop mentioned in a letter to the editor by Singh et al.
in this issue, could have been secondary to injury
from the epidural catheter or epidural needle.l»y Most
neurological side effects from central neuraxial blocks
are transient, but anything lasting longer than a month
can be very disabling for the patient. However, central
neuraxial blocks have a higher success rate, produce
a more complete and denser block and it will be
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premature to conclude at this moment that peripheral
nerve blocks are preferred over central blocks since
complications can occur in both if due diligence and a
safe approach are not followed.

Someone has rightly said “old is gold”. This is reflected
in the observation that few old regional anaesthesia
techniques like pudendal nerve block for surgeries
on the external genitalia and perianal procedures,
and maxillary nerve block in the pterygopalatine
fossa for adenotonsillectomy are nowadays regaining
popularity in the paediatric population.®?*2%

All of us are well aware about patient blood
management strategies; however, very few of us
really apply them in clinical practice. Pavithran et al.
must be complimented for having applied all the
possible avenues and avoided allogenic red blood cell
transfusion in an 11-year-old girl, weighing 35 kg, with
a preoperative haemoglobin of 8.8 g%, and blood loss
of 1,800 mL during a scoliosis correction procedure.®

Though some old techniques and devices such as the
Rendell Baker-Soucek face mask still continue to rule
the world of paediatric anaesthesia, it has certainly
evolved over time and will continue to evolve in the
days to come. Two dreadful situations in any paediatric
anaesthesiologist’s career are failure to secure the
airway and vascular access. However, supraglottic
airway devices with gastric drain port have now
made rescue ventilation easy. Devices like Air Q can
be used as conduit for fibreoptic guided endotracheal
intubation. The second challenge of difficult vascular
access can be overcome with technologies like
transillumination, near infrared light, ultrasound and
fluoroscopy.”?”! Needless to say, members of our Indian
Society of Anaesthesiologists (ISA) should take up the
challenge of designing, and developing newer devices
in our own country and making them available at an
affordable cost in every corner of the country. This
will enable us to deliver safe paediatric anaesthesia
which should always remain our goal.
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ABSTRACT

Background and Aims: An electronic stethoscope with an inbuilt phonocardiogram is a potentially
useful tool for paediatric cardiac evaluation in a resource-limited setting. We aimed to compare
the acoustic and electronic stethoscopes with respect to the detection of murmurs as compared
to the transthoracic echocardiogram (TTE). Methods: This was an observational study. Fifty
children aged 0-12 years with congenital heart diseases (CHDs) and 50 without CHD scheduled
for echocardiography were examined using both stethoscopes. The findings were corroborated with
clinical findings and compared with the echocardiography report. Results: Among the 50 cases
without CHD, no murmur was detected using either of the stethoscopes. This was in agreement with
TTE findings. The calculated specificity of both stethoscopes was 100%. Amongst the 50 cases with
CHD, the electronic stethoscope picked up murmurs in 32 cases and missed 18 cases. The acoustic
stethoscope picked up murmurs in 29 cases and missed 21 cases. Thus, the sensitivity of electronic
and acoustic stethoscopes as compared to TTE was calculated to be 64% and 58%, respectively.
The positive predictive value of the electronic stethoscope as compared to TTE was 100% while
the negative predictive value was 73%. The kappa statistic was 0.93 suggesting agreement in 93%.
Mc-Nemar's test value was 0.24 suggesting that the electronic stethoscope did not offer any advantage
over the acoustic stethoscope for the detection of CHD in children. Conclusion: A comparison of
the electronic stethoscope with an acoustic stethoscope suggests that the rate of detection of CHD
with both stethoscopes is similar and echocardiography remains the gold standard.

Key words: Congenital heart disease, electronic stethoscope, murmur

INTRODUCTION

even for trained ears. The tachycardia that is natural
in children, especially when they are agitated makes it

As per the Centers for Disease Control (CDC), congenital
heart diseases (CHDs) are the most common type of
birth defect. The birth prevalence of CHD is between
8-12/1000 live births. Taking the birth prevalence as
an average of 9 per 1000 live births, the number of
babies born with CHD in India is more than 2,00,000
per year.[%

Preoperative cardiac evaluation of children usually
begins with history taking and physical examination
followed by investigations as necessary. When there
are a large number of patients waiting to be screened
and there is a paucity of time and resources, or if
the screening area is too noisy, it may be difficult to
appreciate any murmur using the acoustic stethoscope,

even more difficult.

An accurate, quick, cost-effective and user-friendly
screening tool may be very useful in this context. An
electronic stethoscope is an audio-visual auscultation
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device, which combines a phonocardiogram with a
conventional stethoscope. Phonocardiogram is the
graphical recording of heart sounds. It helps appreciate
the timing, quality, intensity and frequency of heart
sounds.?

Thus, the purpose of this study was to study the
usefulness of an electronic stethoscope as a bridge
between screeningand diagnosis of paediatric murmurs
and CHDs, especially in low and middle-income
countries. The primary objective was to observe for the
detection of murmurs using an electronic stethoscope
that were not detected by an acoustic stethoscope.
The secondary objective included evaluation of the
accuracy of the electronic stethoscope as compared
with that of the acoustic stethoscope as well as
transthoracic echocardiography (TTE) in the detection
of congenital and valvular heart disease.

METHODS

This was an observational study conducted between
the years 2020 and 2021 in the department of
Anaesthesiology of a medical college hospital. The
study was started after taking approval from the ethics
committee and Clinical Trial Registry of India (CTRI)
registration [IEC (798/2019), (CTRI/2020/11/029125)].

Children aged 0-12 years, of either gender, who were
referred for transthoracic echocardiography to the
paediatric cardiology department, were enroled after
taking parental consent. The enrolment continued
until we had a total of 50 patients with and 50 without
CHD as diagnosed by echocardiography. Since there
were no similar studies reported in the literature, we
chose a convenient sample of a total of 100 patients.

All patients enroled in this study were examined using
an acoustic stethoscope and electronic stethoscope
and underwent TTE.

The electronic stethoscope used in the present study
was HD Fono/HD FonoDoc manufactured by HD
Medical Services (India) Pvt. Ltd, Chennai [Figure 1].

Every electronic stethoscope has a basic design
consisting of three modules - the data acquisition
module, the pre-processing module and the signal
processing module.®”! The data acquisition module
consists of the sensor, amplifier, filter and analogue
to digital converter. The sensor is usually either a
microphone or a piezoelectric crystal. It picks up the
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Figure 1: Electronic stethoscope

heart sounds and converts them into electrical signals.
These signals are then amplified, filtered and converted
to a digital signal. The pre-processing module filters the
signals further by de-noising using a digital filter and
removing artefacts. This helps in removing unwanted
frequencies and enhancing the frequencies of interest.
The signal then undergoes segmentation into cycles,
which helps in better identification of the heart sound.
The data obtained is fed into a software that helps in
diagnostic classification and decision making.!**¥

There are some manufacturer’s guidelines for using the
electronic stethoscope: Before beginning auscultation,
it is advised that all the mobile phones near the
device be switched off. The patient must remain quiet
during the examination with the device. The ambient
noise has to be kept to the lowest level possible. The
patient is instructed to assume the necessary posture
for auscultating - sitting/supine/side-supine. The
appropriate audio mode is selected by pressing the
toggle key (by default, the device is set to ‘Bell’ mode).
The device is placed on the patient such that the chest
piece is in contact with the patient’s chest at one of
the four auscultation positions. During auscultation,
one will observe two waveforms on the display: The
top display shows the murmur-signal wave (labelled
‘MUR’) and the bottom display shows heart sound
waveforms (labelled as ‘HS’). Heart sounds are also
heard during auscultation. A minor trace of S1 and
S2 appearing in ‘MUR’ (top visual) is normal. This
is not a diagnostic display and the clinician must
use his/her own clinical judgment to interpret.
A phonocardiogram of a normal heart would show
only the first (longer vertical lines) and second heart
sounds (shorter vertical lines) and a flat horizontal
baseline. When there are additional sounds such as
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murmurs, they are displayed as vertical lines; the size,
position and duration of which will depend on the
flow as well as whether it is systolic, diastolic or both
[Figure 2].

There were three observers in the study. Observer 1
was the principal investigator, a postgraduate student
in anaesthesia. Observer 2 was the consultant anaesthe
siologist/cardiologist/paediatrician who independently
screened the patients using both acoustic as well as
an electronic stethoscope. Observer 3 was the echo
technician who performed the echocardiography.

Observer 1 contacted the parent/s, explained the
study and took informed consent to examine their
child using the acoustic (regular) and electronic
stethoscope. A detailed history taking and physical
examination of the child were done to look for signs
of cardiac disease. The child was examined using both
the stethoscopes and the findings were recorded. The
cardiac examination included auscultation in each
of the auscultatory areas of the heart — the mitral,
aortic, pulmonary and tricuspid areas. Observer 2
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Figure 2: Examples of phonocardiogram (as seen in HD-FONODOC)
in a normal patient and in some congenital heart diseases. Please
note that the authors did not make any attempt to diagnose the
clinical condition based on the phonocardiogram alone. The objective
was to detect any murmur that would warrant further evaluation with
echocardiography
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independently examined the child using both
stethoscopes. The main focus was on the detection
of murmurs as heard by either or both stethoscopes.
No formal grading of the murmur or attempt at
differentiating it as physiological or pathological was
done.

The following situations were possible:

1. No murmur was detected either with the
acoustic or electronic stethoscope.

2. A murmur was not detected with the acoustic
stethoscope but was detected using an electronic
stethoscope.

3. A murmur was heard with both the acoustic
stethoscope and the electronic stethoscope.

The clinical findings in each case (presence or absence
of CHD) as observed by Observers 1 and 2 were
recorded first to avoid bias and compared with the
findings of TTE performed thereafter by Observer 3.
The clinical implications of any murmur detected by
the electronic stethoscope but not detected clinically
were noted.

The sensitivity, specificity and positive and negative
predictive values of the electronic stethoscope as
compared to the acoustic stethoscope and TTE in
detecting congenital or valvular heart disease were
calculated.

RESULTS

A total number of 120 patients referred for TTE were
enroled and clinically examined. The enrolment
continued until we had included 50 patients with
CHD and 50 without CHD as diagnosed by TTE. Both
groups of children were comparable in terms of age
and gender distribution [Table 1].

The results as per Observer 1 were as follows: Among
the 50 cases without CHD, no murmur was detected
using either the electronic stethoscope or the acoustic
stethoscope [Tables 2 and 3]. This was in agreement
with TTE findings since no positive findings were
obtained. Thus, the calculated specificity of both
electronic and acoustic stethoscopes was 100%.

Table 1: Demographic data

Parameter With CHD  Without CHD P
Age in years (MeantSD)  1.69+3.01 4.5+£3.3 0.98*
Gender (M/F) (n) 24/26 31/19 0.15**

SD: Standard deviation; CHD: Congenital heart disease; M/F: Male/female;
n: number. *Mann-Whitney U-test. **Chi-square test
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Amongst the 50 cases with CHD, murmurs of 32 cases
were picked up by electronic stethoscope while 18
were missed. With the acoustic stethoscope, murmurs
of 29 cases were picked up while 21 cases were missed.

Thus, the sensitivity of the electronic stethoscope as
compared to TTE was calculated to be 64%, and the
sensitivity of the acoustic stethoscope as compared to
echocardiography was 58%. The positive predictive
value of the electronic stethoscope as compared to TTE
was 100% while the negative predictive value was 73%.

The findings of Observer 1 and 2 were similar. Using an
electronic stethoscope, Observer 1 detected a murmur
in 32 cases while Observer 2 detected a murmur in
31 cases. Using an acoustic stethoscope, Observer 1
detected a murmur in 29 cases whereas Observer 2
detected a murmur in 30 cases. CHDs that were missed
included a small patent ductus arteriosus (in 8 patients),
and a small atrial septal defect/patent foramen
ovale (remaining patients). The flow across these
connections was probably low explaining the absence
or inaudibility of murmur in these patients. Thus, as
per Observer 2, the sensitivity of detection of CHD by
electronic stethoscope as compared to TTE was 62%. The
positive predictive value of an electronic stethoscope
was found to be 100% while the negative predictive
value was 70%. Similarly, according to Observer 2, the
sensitivity of acoustic stethoscope as compared to TTE
was found to be 60% and the specificity was 100%. The
positive and negative predictive values were 100% and
70%, respectively. We had Observer 2 to reassure us that
the findings of Observer 1 were concurring with that of
Observer 2. Since the results obtained by Observer 1
and Observer 2 were comparable, further results were
calculated using the findings of only Observer 1.

Since echocardiography is considered to be the gold
standard, acoustic and electronic stethoscopes were
compared with each other using kappa statistics
[Table 4]. The observed agreement was calculated
using the formula (a + d)/N, the value being 0.97. The
electronic stethoscope detected a murmur 32% of the
times (a + ¢/N). The acoustic stethoscope detected a
murmur 29% of the times (a + b/N). Thus, the probability
that both the electronic and the acoustic stethoscopes
detected a murmur was 0.29*0.32 = 0.093.

Similarly, the electronic stethoscope did not detect
a murmur 68% of the times (b + d/N). The acoustic
stethoscope did not pick up a murmur 71% of the
times (¢ + d/N). Thus, the probability that both the
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Table 2: Detection of congenital heart disease

using an electronic stethoscope and transthoracic
echocardiogram - Observer 1

Echocardiogram

CHD present CHD absent
Electronic
stethoscope
CHD 32 0 Positive predictive
present value: 100%
CHD 18 50 Negative predictive
absent value: 73.5%

Sensitivity 64% Specificity 100%
CHD: Congenital heart disease

Table 3: Detection of congenital heart disease

using an acoustic stethoscope and transthoracic
echocardiogram (Observer 1)

Echocardiogram

CHD present CHD absent
Acoustic
stethoscope
CHD 29 0 Positive predictive
present value: 100%
CHD 21 50 Negative predictive
absent value: 70.42%

Sensitivity 58% Specificity 100%
CHD: Congenital heart disease

Table 4: Agreement (using kappa statistics) between

acoustic and electronic stethoscopes regarding the
presence of congenital heart disease
Electronic
stethoscope
Murmur Murmur
present absent

Acoustic

stethoscope
Murmur present Observed agreement (a+d)/N
29+68/100=0.97

Chance agreement: 0.573

29 (@) 0 (b)

Murmur absent 3 (c) 68 (d)

electronic and acoustic stethoscopes did not detect a
murmur was 0.68%0.71 = 0.48.

The overall probability of chance agreement between
the electronic and the acoustic stethoscopes is
0.093 + 0.48 = 0.573.

Using the above calculated observed agreement
and chance agreement, the kappa statistics can be
calculated as follows:

Kappa statistic

_ Observed agreement - Chance agreement

1-Chance agreement

= (0.97-0.57)/(1-0.57) = 0.93

This suggests that the probability of agreement
between electronic and acoustic stethoscopes is 93%
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implying that their findings are expected to agree
93 times out of 100. According to Table 4, a kappa
value of > 0.75 is suggestive of excellent agreement
between the two stethoscopes. A comparison using
McNemar’s test showed a P value of 0.24, which
was statistically insignificant, suggesting that the
electronic stethoscope did not offer any advantage
over the acoustic stethoscope for the detection of CHD
in children.

DISCUSSION

Cardiac auscultation has long been the earliest means
of detection of abnormalities in the cardiovascular
system. The electronic stethoscope may serve as a
valuable tool for screening of CHD, especially in
remote places. It may also be used in the upcoming
and booming field of tele-medicine.l-%4

A low-cost digital stethoscope was created by Lakhe
et al® in Mumbai using bluetooth technology to
improve cardiac auscultation and for its application
in tele-medicine. A microphone was fitted in the chest
piece. The sound waves were amplified, de-noised
and digitised. The digitised data was transferred to a
software where it was stored and read as a text file.
It was transferred to a personal computer (PC) using
bluetooth and heard in the PC.

The data recorded via the electronic stethoscope can
also be stored, visualised many times, shared for expert
opinion and used at a later date for reference.®%141%!

Degroff used an electronic stethoscope to screen heart
murmurs in children. Sixty-nine children, aged 1 week
to 15 years, with a mean age of 2 years, were enroled in
the study. Their heart murmurs were recorded and fed
into an artificial neural network (ANN). The sensitivity
and specificity obtained were 100% for the diagnosis
of murmur as compared to a mean sensitivity of 63%
and specificity of 100%.1'%

Hedayioglu and co-researchers shared their experience
of developing a tele-stethoscope and using the same
for paediatric cardiology in 2006. Their project was a
four-fold-development of an electronic stethoscope, the
development of software to analyse the data collected
from the electronic stethoscope, testing the developed
proto-type and making a library of the collected data for
future reference. Hundred heart sounds were collected
from children and reviewed. The recorded sounds were
found to be ‘satisfactory’ for coming to a diagnosis.!'”!
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Dalh and co-authors conducted a study in Norway
to prove the role of the electronic stethoscope in
tele-medicine. Recorded heart sounds from 47 children
with no murmur, innocent murmur or pathological
murmur were e-mailed to aremote location. These were
analysed by four paediatric cardiologists individually
and classified. The mean sensitivity and specificity
were observed to be 89.7% and 98.2%, respectively,
and the inter- and intra-observer differences were
noted to be insignificant.*® The average time taken
was 2.1 min/patient.

Botha and co-researchers conducted a study
in the rural areas of Africa where they wused
an electro-phonocardiogram for screening of
cardiovascular diseases in people. Cardiac sounds
from patients with cardiovascular disease and those
without were recorded. These signals were de-noised,
segmented and later analysed using an ANN. The
electro-phonocardiogram combined with the ANN
showed a sensitivity of 82% and specificity of 88%.!

CHD with no murmurs or low-grade murmurs (but
detected by TTE) may not be detected by either an
electronic or acoustic stethoscope. Those that are
undetected are usually tiny defects and may not be
significant enough to cause cardiovascular changes in
children.

In the current study, patients who were referred
by paediatric surgeons or paediatricians for TTE
were enroled. The original plan was to compare
the use of acoustic and electronic stethoscopes to
screen paediatric patients posted for surgery in the
pre-anaesthetic clinic and to see the utility of an
electronic stethoscope in the detection of CHD in
children attending a busy pre-anaesthetic clinic. It
would have been fairly easy to enrol a large number
of patients, but to verify the accuracy, getting TTE in
each of them would have become necessary. This was
difficult due to a lack of personnel and funds.

The preoperative detection of CHD has important
clinical implications.!?*?Y) The technology involved in
the construction of an electronic stethoscope and its
possible use in tele-medicine and other applications
has received greater attention after the coronavirus
disease (COVID)-19 pandemic. Many research papers
have been published recently on newer technologies
and applications of the electronic stethoscope. These
include a real-time smart digital stethoscope system
for heart diseases monitoring, phonocardiogram signal
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processing for automated diagnosis of congenital
heart disorders, a low-cost ear-contactless electronic
stethoscope Auscul Pi powered by Raspberry Pi and
Python (for auscultation in patients with COVID-19
and even a soft wearable electronic stethoscope.?*%%
Clinical studies can be expected to follow in the coming
years; nevertheless, technology and innovations have
always been powerful tools in the improvement of the
quality of perioperative care.?6:?7]

CONCLUSION

A comparison of an electronic stethoscope (FONODOC)
with an acoustic stethoscope as a cardiac screening
tool during the preoperative evaluation of children
shows that the rate of detection of CHD with both,
the acoustic as well as the electronic stethoscope is
similar. The sensitivity and specificity of the electronic
stethoscope are 64% and 100%, respectively, and are
comparable to that of an acoustic stethoscope (58%
and 100%, respectively). Hence, echocardiography
remains the gold standard for the diagnosis of CHD.
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ABSTRACT

Background and Aims: During laparoscopic surgeries, pneumoperitoneum increases
intraabdominal pressure (IAP) which can increase the central venous pressure (CVP), and
significant haemodynamic changes. In this study, we evaluated the effect of two different
pressures of pneumoperitoneum, standard (13-15 mmHg), and low (6-8 mmHg) on the
cross-sectional area (CSA) of the internal jugular vein (IJV) using ultrasonography, haemodynamic
changes and duration of surgery. Surgeon’s comfort and feasibility of performing laparoscopic
surgeries with low pressure pneumoperitoneum was also studied. Methods: This prospective,
double-blind, randomised study included 148 patients of American Society of Anesthesiologists
physical status class | and Il undergoing laparoscopic surgeries. They were allocated into two
groups: group S (standard) (number (n) = 73) had the IAP maintained between 13-15 mmHg;
group L (low) had an IAP of 6-8 mmHg (n = 75). CSA of right IJV was measured before induction
of anaesthesia (T1), 5 min after intubation (T2), 5 min after pneumoperitoneum (T3), before
desufflation (T4) and 5 min prior to extubation (T5). Chi-square test, and Student’s paired and
unpaired t test were used for statistical analysis. Results: The increase in [IJV CSA at T3 when
compared to T2 was statistically significant in both the groups (P < 0.001). On desufflation,
the change in IJV CSA showed significant decrease in T5 value than T4 value in both the
groups (P <0.001). However, the percentage change in the |[JV CSA was more in group S (35.4%)
than group L (21.2%). Conclusion: CSA of IJV increased significantly even with lower IAP of
6-8 mmHg. Laparoscopic surgery can be performed conveniently even at low IAP.

Key words: Central venous pressure, laparoscopy, pneumoperitoneum, ultrasonography

INTRODUCTION

challenging for the surgeons. However, laparoscopy
is not completely risk-free, producing significant

The technique of laparoscopy, being minimally
invasive, is increasingly used for performing a variety
of intra-abdominal surgeries like cholecystectomy,
appendectomy, colectomy, Roux-en-Y gastric bypass,
sleeve gastrectomy, and hysterectomy among others.™
It involves gas insufflation into the peritoneal cavity
producing pneumoperitoneum which increases
intra-abdominal pressure (IAP) to 13-15 mm of
Hg (standard pneumoperitoneum). Laparoscopy can
also be done with lower IAP of 6-10 mmHg (low
pressure pneumoperitoneum), which is technically
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haemodynamic changes, especially in elderly and
haemodynamically compromised patients.”! Increased
IAP has a biphasic effect on venous return. Initially,
due to auto-transfusion of pooled blood from the
splanchnic circulation, there is a rise in the circulating
blood volume, leading to a rise in venous return and
flow. Further increase in the IAP causes inferior vena
caval compression and decreases venous return with a
subsequent decrease in cardiac output.! Use of lower
IAP has shown better patient haemodynamics and
lesser postoperative pain. There are studies that have
explored various factors affecting the cross-sectional
area (CSA) of central venous structures like the
internal jugular vein (IJV). It has been reported that
positive end-expiratory pressure (PEEP), positive
pressure  ventilation, Trendelenburg position,
manoeuvres like Valsalva and hepatic compression
increase the CSA of IJV.®' During laparoscopic
surgeries, CSA of IJV may increase due to increased
IAP by carbon dioxide (CO,) insufflation. Though
there are reports on central venous pressure (CVP)
increase,” very few studies to date have performed
[JV-CSA measurements during pneumoperitoneum
for laparoscopic cholecystectomy, and mnone of
them compared measurements during low and
standard pressure pneumoperitoneum. Our study
aimed to investigate and quantify the change in IJV
CSA using ultrasonography, and haemodynamic
parameters elicited by pneumoperitoneum of different
pressures (standard IAP versus low IAP) during
laparoscopic surgeries.

METHODS

This prospective, randomised, double-blind study
was carried out from May 2020 to April 2021, at
a tertiary care institute after approval from the
Institutional Ethics Committee and was registered at
Clinical Trials Registry-India (CTRI/2020/05/024971,
dated 01/05/2020). One hundred and forty eight
American Society of Anesthesiologists (ASA)
physical status grades I and II patients, aged
between 18 and 50 years, of both genders, posted
for laparoscopic surgery were included in the
study. Written informed consent was obtained
from all participants during pre-anaesthetic check
and the study was done in accordance with the
institutional ethics committee’s standards on human
experimentation and the Helsinki Declaration of
1975. Patients with uncontrolled hypertension,
poorly controlled diabetes, cardiovascular diseases,
severe chronic obstructive pulmonary diseases, chest
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wall deformities, pregnant and lactating women were
excluded. Those with intraoperative conversion
from low to standard IAP or to open laparotomy were
considered as drop-outs.

Patients were randomly allocated into two groups
by computer generated randomisation. Group S
(standard) (number (n) = 73) had the IAP maintained
between 13-15 mmHg and group L (low) had an IAP
of 6-8 mmHg (n = 75) [Figure 1]. Three patients of
group S (converted to open) and 5 patients of group L
(intraoperatively converted to IAP of 14 mmHg)
were excluded from the analysis. The final number
of participants studied was 70 in each group. The
participants were unaware of the allocated group. After
pre-anaesthetic evaluation on the night before surgery,
patients were kept fasting as per ASA guidelines. All
patients were administered oral alprazolam 0.5 mg
and ranitidine 150 mg, the night before surgery. On
the day of surgery, the patients were brought into
the operation theatre and an intravenous cannula
was secured. Minimum mandatory monitoring
was done with electrocardiogram, heart rate (HR),
pulse oximeter, non-invasive blood pressure (NIBP),
end-tidal CO, (EtCO,). All the patients were
administered general anaesthesia with propofol
2 mg/kg, intravenously (IV), sevoflurane at 0.5 to
1 minimum alveolar concentration (MAC), fentanyl

155 patients were assessed for
eligibility

l

148 patients met inclusion
criteria and consented to
participate

| Randomised (n =148) l

| l

In group- S (13-15mmHg) In group - L (6-8mmHg)

(n=73) (n=75)

| !

Drop outs- 5

Drop outs- 3
In 5 patients low pressure
pneumoperitoneum converted to
standard pressures

| |

Final participants in group - L
(6-8mmHg) (n=70)

In 3 patients laparoscopy
converted to open surgery.

Final participants in group — S
(13-15mmHg) (n=70)

Figure 1: Consolidated Standards of Reporting Trials (CONSORT)
flow diagram
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1-2 ug/kg IV, vecuronium 0.1 mg/kg IV and endotracheal
intubation was done. Anaesthesia was maintained by
sevoflurane (1.8-2 volume %) using a fresh gas flow of
2 l/min. All the patients were ventilated with a tidal
volume of 6-7 ml/kg body weight, respiratory rate of
12-14 breaths per minute and positive end-expiratory
pressure of 4 cm of water using oxygen/air mixture
at 40/60%. For all patients, pneumoperitoneum was
initiated with CO, insufflation. Respiratory rate was
adjusted to maintain an ETCO, level of 35-40 mmHg.
HR, NIBP, ETCO, were recorded at set time points as
mentioned below. The ultrasonographic measurement
of cross-sectional area (CSA) of IJV was performed by
a single-trained anaesthesiologist who was blinded to
group allocation and was not involved in the study.
The right IJV (for uniformity) was visualised with
a 6-13 megahertz (MHz) two-dimensional linear
ultrasonography transducer (FUJIFILM Sonosite Edge
II, HFL38xi transducer) at the cricoid cartilage level.
The measurements were taken at a depth of 4 cm in
all patients and to obtain the optimal images, gain was
adjusted. To avoid compression of the vein, minimum
pressure was applied on the probe. On obtaining the
best image, it was saved and the measurements of the
vein such as the diameter and CSA were recorded.
Using the cursor, the outline of the IJV image traced
and the circumference (in cm) and CSA (in cm?) were
measured and noted at the end of expiration in supine
position. Measurements were recorded at five different
time points in the supine position: before the induction
of anaesthesia (control T1), 5 min after intubation (T2),
5 min after creation of pneumoperitoneum (T3), 5 min
after completion of surgery before desufflation (T4),
and 5 min before extubation (T5) [Figure 2]. The
duration of surgery was recorded. Pinar HU et al,”
in their study observed a 20% increase in IJV CSA
as significant. We considered a 30% increase in CSA
of IJV as significant and with a standard deviation
of 0.622, to achieve a confidence level of 95% and

power of 80% had to enrol 68 patients in each group.
Ultimately, we enroled a total of 148 patients in the
two groups to account for any drop-outs.

The sample size was calculated using the formula:

2(Z, +7Z,, ) x 0

with A (effect size ) = 0.3

The results were tabulated and statistically analysed
using (Statistical Package for Social Sciences) Software
version 21. Chi-square test, paired and unpaired t
test were used for data analysis. A P value of <0.05
was considered as significant and <0.001 as highly
significant. Surgeon comfort and feasibility with low
IAP pneumoperitoneum was assessed using the Likert
5 point scale—5 = very good, 4 = good, 3 = satisfactory,
2 = bad, 1 = very bad.

RESULTS

Both the groups were comparable with respect to age,
gender, ASA physical status grade and duration of
surgery [Table 1].

In group S, the CSA of IJV increased from a mean value
of 1.13 cm? at T2 to 1.53 cm? at T3 and 1.55 cm? at
T4. There was a 35.4% increase in the CSA from after
intubation (T2) to creation of pneumoperitoneum (T3)
which sustained till desufflation (T4). After
desufflation, though the CSA decreased (1.55 cm? at T4
to 1.09 cm? at T5), it did not reach the baseline values.
The P values were highly significant (P < 0.001)
between T2 and T3 and T4 and T5 [Table 2].

In group L, the CSA of IJV increased from a mean
value of 1.13 cm? at T2 to 1.37 cm? at T3 and

Ulirsounsd Image of 11V C5A @ T2

Ultrasound Image of TIV CSA st T3

Figure 2: Internal jugular vein (IJV) cross-sectional area (cm?) at time points T2 and T3 in the supine position
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1.29 cm? at T4. There was a 21.2% increase in
the CSA from after intubation (T2) to creation
of pneumoperitoneum (T3) which sustained till
desufflation (T4). After desufflation, the CSA
decreased (1.29 cm? at T4 to 1.05 cm? at T5) but did
not reach the baseline values. The P values were
highly significant (P < 0.001) between T2 and T3
and in between T4 and T5 [Table 2].

On comparing group S and L at the different time
intervals, the baseline values of CSA of IJV (T1) and
values after intubation (T2) were comparable between
the two groups. T1-CSA was taken as baseline (control)
before intubation. We compared between T2-T3 and
T4-T5 and hence the percentage change in CSA of IJV
at T3, T4 and T5 could be attributed to the increase
in IAP due to pneumoperitoneum [Figure 3]. In both
groups, the HR, systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were comparable to
each other and there was no statistical difference
between them [Figure 4].

Overall surgeon comfort and feasibility with standard
IAP pneumoperitoneum was “very good” and three
of five surgeons expressed their experience as “good”
and two surgeons as “satisfactory” with low IAP
pneumoperitoneum. The comfort level may further
improve on using low IAP pneumoperitoneum for all
feasible laparoscopic surgeries.

DISCUSSION

Laparoscopic surgery accounts for more than two
million surgical procedures every year. During
laparoscopic surgeries, pneumoperitoneum is created
by insufflating CO, gas to improve the visibility

G § 11 G L -4l

and mobility in the surgical field. Nevertheless, the
pneumoperitoneum modifies the homeostasis of
the abdominal cavity and might promote metabolic

changes through mechanical and biochemical

Variable Group S Group L Total
(13-15 mm Hg) (6-8 mm Hg) n (%)

ASA grade 1 n (%) 42 (60) 36 (51.4) 78 (55.7)

ASA grade 2 n (%) 28 (40) 34 (48.6) 62 (44.3)

Gender male/female n (%) 14/56 28/42

Age (years) mean+SD 32.77+£7.78 38.4+12.67

Duration of surgery 88.77+31.02  89.62+26.7

(minutes) mean+SD

ASA=American Society of Anesthesiologists, SD=standard deviation,
n=number

Table 2: Comparison of IJV CSA at time points T2 and T3,
T4 and T5

Variable T2 MeantSD T3 MeanzSD P
IJV CSA (group S) (cm?) 1.12+0.41 1.52+0.55 <0.001
IJV CSA (group L) (cm?) 1.12840.438 1.365+0.497 <0.001
Variable T4 Mean*SD T5 Mean*SD P
IJV CSA (group S) (cm?)  1.545+0.520 1.087+0.329  <0.001
IJV CSA (group L) (cm?)  1.295+0.452  1.067+0.375  <0.001

IJV=internal jugular vein, CSA=cross-sectional area, SD=standard deviation

&P oY
- -l 4

L4
.

-~ & &

E-R~

Hg)

SBP (mr

Figure 3: Comparison of internal jugular vein (IJV) cross-sectional
area (CSA) cm? at different time points between group S (standard
IAP) and L (low IAP)
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Figure 4: Comparison of haemodynamic parameters at different
time points between groups S and L. SBP: Systolic blood pressure;
DBP: Diastolic blood pressure
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effects.®! Traditionally, pneumoperitoneum is set
at the standard IAP of 12-14 mm Hg.”! Bearing in
mind the potential impact of pneumoperitoneum on
cardiopulmonary function and postoperative pain,”
international guidelines recommend that the use
of “the lowest IAP allowing adequate exposure of
the operative field rather than a routine pressure”
should be wused." In literature, low-pressure
pneumoperitoneum is generally defined as an IAP of
6—10 mmHg.™

CO, insufflation during pneumoperitoneum may
produce significant haemodynamic and ventilatory
consequences.*!?  Increased IAP results in
haemodynamic changes like increase in the preload
and afterload in the beginning followed by a fall in
the cardiac output. The ventilatory consequences of
pneumoperitoneum are an increase in intrathoracic
pressure and peak airway pressures, reduced
pulmonary compliance and hypercarbia.*! These
haemodynamic changes intensify in patients with
cardiovascular disease like congenital heart disease,
valvular heart disease, pulmonary hypertension,
ischaemic heart disease and congestive heart
failure.!"* CO, insufflation, impacts the cardiovascular,
respiratory and renal systems, secondary to mechanical
and neurohormonal responses to increased IAP and
hypercarbia. All these changes may affect patients,
especially those with altered intracranial compliance.
In a study, trans-oesophageal echocardiography has
demonstrated that there was significant increase in
left ventricular preload (end diastolic diameter of left
ventricle), afterload (end systolic wall stress of left
ventricle) and a decrease in cardiac function (fractional
area shortening) within 3 min of insufflation of the
abdomen. However, in healthy individuals, though
these changes can reach the baseline after 30 min of
insufflations, they may produce deleterious effects in
individuals with cardiovascular insufficiency."® In the
current study, we looked at the effects of two different
pressures of pneumoperitoneum on the IJV CSA.
Based on the results of the study, pneumoperitoneum
of IAP 13-15 mmHg caused significant increases
in CSA of IJV and on desufflation, IJV CSA
decreased significantly. The value of IJV CSA after
desufflation (T5) was higher than basal measurements.
This might be due to mechanical ventilation leading to
an elevated intrathoracic pressure. Although we had
hypothesised that low pressure pneumoperitoneum
will not produce much changes in the CSA- IJV, still
the changes in CSA-IJV taken at time points T2-T4
were highly significant, emphasising the fact that

Indian Journal of Anaesthesia | Volume 66 | Issue 9 | September 2022

pneumoperitoneumofanymagnitudecausessignificant
cardiac changes. Though the change in mean CSA of
[JV was statistically significant in both the groups (P
value < 0.001), the percentage change (increase) of
IJV-CSA from T2 to T3 in group L (lower IAP) was
lesser compared to group S (standard IAP) (21.2% and
35.4% respectively).

Previous studies have reported variable
haemodynamic effects due to different pressures of
pneumoperitoneum.®! In a study by Dexter et al.,!'”
subjects posted for laparoscopic cholecystectomy
were allocated into two groups (IAP of 7 mmHg and
15 mmHg). Though there was an increase in HR and
mean arterial pressure (MAP) in the two groups,
the authors found a decrease in stroke volume and
cardiac output in the 15 mmHg group by 10 and 26%,
respectively.”! McLaughlin et al.,*® in their study
reported that with a pneumoperitoneum of 15 mmHg,
there was a 60% increase in MAP and a 30% fall in
stroke volume and cardiac output.”’ Another study
reported an increase in venous return with an IAP less
than 15 mmHg due to squeezing of the venous bed
and a fall in venous return and blood pressure due
to compression of the inferior vena cava with an IAP
of 15 mmHg or more."” In our study, there were no
significant changes in the HR, SBP and DBP between the
groups. This may be due to appropriate titration of the
respiratory rate and ETCO, levels to avoid hypercarbia
and adjusting the depth of anaesthesia to maintain stable
haemodynamics. Pinar HU et al., found an increase
in CSA of IJV and SCV with pneumoperitoneum of
12 mmHg at both expiration and inspiration, which
decreased to prior values on desufflation.”! This was
similar to the findings of the current study, however,
different pressures of pneumoperitoneum were not
used in their study. Low pressure pneumoperitoneum
decreases postoperative pain, analgesic consumption
and seems to improve perioperative functioning of the
liver and kidney. There is also a tendency towards a
shorter hospital stay.*"!

Cyprian Ogum et al.,?" measured right IJV CSA and
circumference using ultrasound. Later, a central
line was secured and the CVP was measured. They
found a significant correlation between IJV CSA
and conventional catheter-based CVP readings.
In our study, we planned to investigate the effect
of standard (13-15 mmHg) and low (6-8 mmHg)
pressure pneumoperitoneum on IJV CSA and CVP
measurement was not done. Further studies are
required to determine whether the correlation between
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IJV CSA and CVP exists during different pressures of
pneumoperitoneum. The limitations of our study are
that the study was performed in ASA physical status
I and II patients and the measurements were taken in
supine position in surgeries of duration not exceeding
2 hours and there were no significant changes noted in
the haemodynamic parameters.

Moreover, a larger sample size will be required to
look for any qualitative differences between high and
low pressure groups. CVP was not measured as it is
unethical to perform central venous cannulation in all
patients undergoing laparoscopic surgeries. Imaging
with USG is very subjective and operator dependant
and if done with different operators, it can introduce
bias in the study.

CONCLUSION

The percentage change in the CSA of IJV was more in
the high pressure pneumoperitoneum group (35.4%)
when compared to the low pressure group (21.2%)
implying that pneumoperitoneum of any magnitude
can cause a significant increase in CSA of the IJV which
may have a clinical impact in susceptible individuals.
Laparoscopic surgery can be performed conveniently
at low IAPs of 6-8 mmHg.
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ABSTRACT

Background and Aims: Many health care staff have been pressed into coronavirus disease-19
patient care with little experience of working in bio-hazard zones because of the overwhelming
requirements of manpower. They wear personal protective equipment (PPE) and follow all rules for
their safety. However, despite precautions, during doffing, they carry a risk of self-contamination.
This randomised cross-over study assessed the risk of self- contamination because of improper
doffing of PPEs. Methods: A colourless lotion that glows with a bright-green fluorescent hue under
ultraviolet light was applied to simulate germ contamination in various health care workers (HCWs)
who volunteered for the study. The primary objective of this study was to know the percentage of
HCWs getting self-contaminated. The secondary objectives were to assess which portions of the
body get maximally contaminated and infestation of germs on which portions of the PPE carry more
risk of self-contaminating after doffing. Results: A total of 152 doffings by 76 participants were
analysed, and the volunteers self-contaminated in 43 doffings (28.28%). In 18 of these 43 doffings,
self-contamination was noted at more than one location. The most commonly contaminated areas
were the arms (33%), clothes on the abdomen (24%), and areas in the lower limb (23%). Germ
infestation on the upper parts of a PPE is 2.39 times more likely to cause self-contamination
after improper doffing. Conclusion: Faulty doffing resulted in self-contamination in 28.28% of all
doffings. Risk is 2.39 times more when germs are nested in the upper body portions of the PPE suit.

Key words: Clothing, health personnel, personal protective equipment, volunteers, workforce

INTRODUCTION

take all due precautions and care. However, despite
the care, many workers are likely to self-contaminate

The paranoia surrounding coronavirus infectivity
is unprecedented. Health care workers have been
known to suffer from significant mental distress
because of the fear of either contracting the disease or
transmitting it to a susceptible loved one. Researchers
have studied the role of contamination fear among
professionals as predictors of anxiety
and safety behaviours in response to coronavirus
disease-19 (COVID-19). Risk of self-contamination
during doffing is a real threat and there have been
protocols set for doffing sequences.™ The coronavirus
pandemic is unique because of its sheer magnitude.
Workers, not exposed to such specialised equipment
and environment, have been forced to take up different
responsibilities. Fear of the disease forces them to

medical

themselves, simply because of faulty doffing practices.
In an interesting report, the authors have stated that no
participant in their entire study group was observed
to possess the correct knowledge on the steps of
donning (0%) or doffing (0%) of personal protective

This is an open access journal, and articles are distributed under the terms of
the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License,
which allows others to remix, tweak, and build upon the work non-commerecially,
as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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equipment (PPE). Some other authors report that
only 12.1% and 54% of the respondents had adequate
knowledge of correct doffing practices.®

The aim of this study was to assess the risk of
contamination of health care workers by germs
because of improper doffing practices. Our primary
objective was to note what percentage of health care
workers had contamination on their person by a
lotion simulating germs after doffing. Our secondary
objectives included assessment of which portion of the
health care worker gets maximally contaminated after
doffing, and also to assess infestation of which portion
of the PPE carries the maximum risk of contaminating
a health care worker after doffing.

METHODS

The study was approved by the institutional ethics
committee (vide approval number IEC/2020/585
dated 25/11/2020) and written informed consent
was obtained from all subjects participating in the
trial. The trial was registered prospectively vide
CTRI/2020/12/029654 dated 9" December 2020.
Health care workers, including doctors, nursing staff,
and cleaning staff working in a tertiary COVID care
centre, discharging duties in areas where wearing
PPE is mandatory, were chosen. The PPE kits were all
DuPont™ Tyvek® controlled environments garments
made by DuPont with a proprietary flash-spinning
process that creates continuous fibres of high-density
polyethylene. These fibres are 0.5-10 um in diameter,
some of which may be a tenth of the width of human
hair.”? The components of the PPE were gloves, gowns,
shoe covers, head covers, masks, respirators, eye
protection, face shields, and goggles.

The study was conducted between December 2020 and
May 2021. All adult volunteers working in COVID care
areas were explained about the protocol and a written
informed consent was obtained before being enroled
into the study. Any worker with known skin disease,
use of any skin lotion in the last 24 h, pregnant women,
and patients with history of any respiratory illness and
presence of recent upperrespiratory tractinfection were
excluded. For the experiment, a non-toxic lotion called
Glo Germ™ manufactured by Glo Germ Company,
Utah, the United States of America was used. Glo
Germ™ is commercially available in the form of a gel,
lotion, liquid, and powder. It is invisible to the naked
eye but glows under ultraviolet (UV) light [Figure 1].
All participants meeting the inclusion criteria were

Indian Journal of Anaesthesia | Volume 66 | Issue 9 | September 2022

Figure 1: Note the glow of self-contamination under ultraviolet light,
on skin of the forearm

randomly assigned to either upper body (UB) group
or lower body (LB) group. For participants who had
been allotted the UB group, six predetermined areas
of the PPE were smeared using about one teaspoon of
the Glo Germ™ lotion at each location. Thus, about
six teaspoons were used for each session per person.
Following areas were smeared: the top of the hood,
anterior aspect of both shoulders, middle of the back
interscapular region, and anterior aspect of both
forearms, using a plastic spatula.

For participants who had been allotted to the LB group,
one teaspoon of the Glo Germ™ lotion was applied
similarly at the predetermined six areas on the lower
part of the PPE, namely, on the anterior aspect near
anterior superior iliac spine area, bilaterally behind the
thighs and bilaterally on anterior aspect of the lower
shin just above the shoe cover. To ensure blinding, a
moisturiser similar in appearance to the Glo Germ™
lotion but which remains invisible even under UV
light was applied on upper body areas for volunteers
in LB group and lower body areas for volunteers in
UB group. A large poster detailing the proper doffing
sequence was displayed at all the designated doffing
areas for male and female doctors and other staff.
The doffing area had a chair to aid in doffing. After
doffing, all participants were scanned using an 18
Watt 100 light emitting diode UV torch with a 395-nm
wavelength, for presence of any fluorescent residue
that glows under UV light in a dark room. Location
of contamination was noted, including the following
areas: hair and head, face, anterior/posterior neck, left/
right arms, hands or wrists, front and back of chest,
abdominal area and lower back, and legs and clogs.
Location and total number of such contaminations
were counted. Maximum dimension of contamination
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was measured in centimetres. At a later date, as per
their duty schedule, the group of participants was
crossed over so that the participants of UG group
now became the LG group and vice versa and the
experiment was repeated.

For sample size calculation, it was assumed that
when following training and all protocols strictly,
approximately 1% participants may self-contaminate
themselves.  Some  previous studies report
self-contamination rates of about 18.9% despite care
and after training.'®’ Assuming a correlation between
paired observations at 5% and after applying continuity
correction, the study would require a sample size of
67 pairs to achieve a power of 80% and a two-sided
significance of 5% for detecting a difference of 0.14
between the two proportions. Anticipating a 15%
drop-out rate, a total of 78 participants were recruited
for this study.

All  analyses were performed using Stata,
version 10 (Stata Corp, Texas, the USA). Continuous
variables were presented as mean =+ standard
deviation. Categorical variables were presented
as proportion. Student’s t-test was used to test the
difference of mean after checking for the equality
of variance using F-test. Mann-Whitney test was
applied to test the equality of distribution between the
two groups. Chi-square test was used for comparing
categorical variables. P value <0.05 was considered as
statistically significant.

RESULTS

Seventy-eight participants actively working in ward
areas and intensive care units (ICUs) in a tertiary
COVID care hospital volunteered and consented for
the study. Two participants could not be crossed over
for the study after the first doffing; hence, they were
excluded from the analysis. The cross-over study
design permitted assessments after 152 doffings by
76 volunteers, although a total of 154 doffings were
studied.

Out of the 76 participants who were analysed,
48 (63.1%) were males and 28 (36.8%) were
females [Table 1]. There was no significant difference
of age between males and females (P = 0.353). Nearly,
64% of the participants were nursing staff, followed
by 20% doctors and the rest were non-medical staff
posted in the COVID-19 ward and ICU areas in the
hospital. There was no significant difference in the

640

distribution of educational level of the participants by
gender (P = 0.111).

Out of a total of 152 doffings observed, the doffing
resulted in self-contamination at least 43 times.
After 18 doffings, there was more than one area of
contamination. There was no significant difference
between males and females in case of contaminations.

Analysing the consolidated distribution  of
contamination by gender, we found no significant
association of gender with contamination observed in
UB (P = 0.998) or LB (P = 1.00) group [Table 2]. When
the areas of self-contamination were assessed, the
most common areas were observed to be on the upper
limbs (arms and forearm) in 17 participants, followed
by the abdomen in 15 participants and the lower limbs
in 12 participants [Table 3]. However, we observed a
significantly higher incidence of self-contamination
when upper portions of a PPE were smeared with
the gel compared to when lower parts of the PPE
were smeared (P < 0.001). It shows that the risk of
self-contamination by improper doffing is higher
when upper portions of the PPE are contaminated.

Self-contamination was observed on more than
one site of the body in 18 out of the 152 doffings.
There was no significant association of gender with
multiple self-contaminations in UB group (P = 0.309)
or LB (P = 0.977) group [Table 4]. The incidence
of self-contamination in more than one area was
significantly higher when the gel was applied on the
upper portions of the PPE (P = 0.024). Comparing
the size of the biggest areas of contamination in both
groups, we noted that in the UB group, median size of
the largest area of contamination was 1.75 cm (inter
quartile range — IQR: 0.5-3.5) compared to 1 cm (IQR:
0.5-2) in the LB group. This difference was not
significant (Mann-Whitney Z = 0.667; P = 0.505).
Even the size of secondary areas was comparable in
both the groups (Mann-Whitney Z = 0.372; P = 0.710).

DISCUSSION

We noted self-contamination because of the improper
doffing in a significantly high percentage of health
care workers. Out of the 152 doffings studied, 43
doffings (28.28%) resulted in self-contamination that
is high because all participants had been imparted
formal training in the practice of doffing. Another
figure of concern is that in 18 of these 43 doffings,
self-contamination was noted at more than one
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Page no. 30



Sahay, et al.: Risk of self-contamination after improper doffing

Table 1: Socio-demographic characteristics of the participants

Variables Male (n=48) Female (n=28) Total (n=76) P
Mean age (years)+(SD) 28.39+3.20 27.67+3.28 28.13+3.23 0.3533
Nursing staff
Doctor 26 23 49 Chi-square=7.5071 P=0.111
Non-medical staff 11 4 15
Post-graduates 3 0 3
Graduates 4 1 5
Matriculation 4 0 4

SD: Standard deviation; n: Number

Table 2: Consolidated genderwise distribution of self-contamination observed on at least one site

Self-Contamination Upper Body Group

Lower Body Group

Present Male Female Total Male Female Total
Yes 20 12 32 07 04 11
No 28 16 44 41 24 65
Total 48 28 76 48 28 76

Chi-square=0.01028, P=0.998

Chi-square=0.00126, P=1.00

Table 3: Location wise distribution of self-contaminations

Areas of Upper Body Lower Body
Contamination  Male Female Total Male Female Total
Abdomen 5 5 10 4 1 5
Arms 12 4 16 0 1 1
Front chest 1 1 2 0 0 0
Rear chest 3 1 4 1 0 1
Leg 6 2 8 3 1 4
Neck 0 0 0 1 1 2
Lower back 1 1 2 1 1 2
Hand 2 1 3 0 0 0
Face 1 0 1 0 0 0
Total 31 15 46 10 5 15

Total of 61 contaminations were noted in 152 doffings. In 18 doffings,
self-contamination was noted at more than one location. In 43 doffings, the
self-contamination was limited to a single location

location. More than one area of contamination could
point to significant errors in the process of doffing.
The most common areas on the body for carrying these
germs were the arms (33%), followed by clothes on the
abdomen (24%), and closely followed by areas in the
lower limb (23%). In a study on more than a thousand
health care providers, the use of PPE was found to be
appropriate in only 18.1% of users."® Another study has
surprisingly reported that none of the participants had
satisfactory knowledge of donning or doffing practices.?!
When the impact of doffing errors on contamination as
evidenced by culture of multidrug-resistant organisms
was assessed in a study, the authors found that 36%
of health care workers were contaminated with these
organisms after patient interactions.!” Our results also
point to a significant risk of self-contamination despite
regular training. In addition to regular training, a poster
depicting the correct sequence of doffing is displayed
in all the doffing areas in our hospital [Figure 2]. We
have a clean and dirty chair in the designated areas to

Indian Journal of Anaesthesia | Volume 66 | Issue 9 | September 2022

aid doffing, although no doffing mates are present. The
doffings are usually unmonitored and even during this
study, we did not endeavour to study the mistakes made
during doffing. One suggested measure to prevent errors
could be the presence of a doffing mate. We noted that
when upper portions of PPEs were smeared with the Glo
Germ™ lotion, the risk of self-contamination was more
than 2.39 times. Although we cannot comment on the
exact reasons for this observation, one possibility could
be that the upper suit areas are the first to be handled
while doffing. Contamination on the gloves may spread
germs. The arms were most commonly contaminated.
The risk of multiple contaminations is also higher when
germs are nested on the upper portions of the PPE.

The make and material of a PPE could affect rates of
self-contamination. If there are PPEs made of cotton,
the material would augment the absorption of droplet
contaminants.”” This would reduce opportunities
for such contaminants to spread to the environment.
However, absorbent cottonoid fabric has been
shown to increase undergarment contamination.!"
Plastic aprons have been shown to result in maximal
self-contamination on the hands and shoes. No plastic
apron was used by our participants; however, it is
a practice to use a plastic apron over a PPE at some
places. Plastic has low water-absorbing properties.
Aerosols containing these germs cannot be absorbed
by plastic and are left on the surface of the plastic
PPE. This increases the risk of self-contamination
as well as the risk of environment contamination
significantly.’”” Another important concern with
unwoven water-impermeable PPE suits is that, during
doffing, if any extra force is applied in pulling off
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Table 4: Doffing resulting in more than one areas of contamination

Contamination on Upper Body Lower Body

More Than One Site Male Female Total Male Female Total
Yes 11 3 14 3 1 4
No 37 25 62 45 27 72
Total 48 28 76 48 28 76

Chi-square=1.034, P=0.309

Chi-square=0.0008, P=0.977

Chi-square=5.104, P=0.024 (significant <0.05)

HAND RUB FOLLOWING ALL STEPS  REMOVE DUTER PAIR OF GLOVES
OF HAND HYGIENE [ISCARD IN RED BIN.

DISCARD BOLLED COVERALL W YELLOWEIN ff oo {SCARD IN YELLOW B

11™ STEP

e el wl s s o e
e o T e @ wE A w

Figure 2: Sequence of doffing displayed in all the doffing areas

without unzipping or unfastening the ties, tearing off
could spread the contaminants to the clean areas of a
person doffing it. It could also send the contaminants
splashing to the surrounding environment resulting in
greater environmental contamination. In our study, we
have used Tyvek® controlled environments garments
manufactured by DuPont™ and made of continuous
fibres of high-density polyethylene. These have low
water permeability.

No difference in the rates of self-contamination
based on gender was noted in our study. Both
genders were equally likely to have multiple areas
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of self-contamination, probably because there is no
difference in the PPEs for males and females and
the doffing sequence remains the same. The areas of
contamination were bigger in the UB group compared
to the LB group (1.5 cm versus 1.0 cm); however, this
was not statistically significant. We also noted that
level of education did not have any significant effect
on the rates of self-contamination across gender. The
cross-over design also allowed us to identify three
participants who self-contaminated themselves both
times, when they were assessed. This highlighted a
possible basic flaw in their technique of doffing. One
of these three was a doctor who also had multiple
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areas of contamination during one doffing session.
He was informed about the results and advised to
follow the doffing sequence more carefully. Our
method of assessment can, thus, be used to train
and assess the correct method of doffing among staff
members.

Despite the acute resource crunch, we believe that
the presence of a doffing mate, if feasible, who could
observe the doffings, and may or may not necessarily
intervene during the process, could help at times of
shift changes.'¥ Also, a post-doffing shower could
help clean off these contaminants. Many staff wore the
PPE over their regular clothes. A change to hospital
scrubs and an above elbow scrub, post doffing, should
be made mandatory where post-doffing showers are
not feasible.

The strength of the study is that it was a prospective
cross-over randomised trial pragmatically assessing
doffing practices without intervention. The assessment
involved not only trained doctors and nursing staff but
also common non-technical staff in the exercise.

The limitations of the study are that this was a
single-centre study with different protocols and
infrastructure that may be different from other
centres. The risk of self-contamination as assessed
by this study would be lesser than the actual risk of
self-contamination because only one-half of the PPE
was smeared at one time, and in actual practice, such
selective infestation is unlikely. Having said that it is
also possible that all the smeared areas may not be
infested in an individual at all the times either in the
UB or LB. This may be fodder for further research;
however, a rate of self-contamination of 28% is still
high.

CONCLUSION

Faulty technique resulted in self-contamination in
28.28% of all doffings. This risk of self-contamination
is 2.39 times more when germs are nested in the UB
portions of the PPE suit. In 18 out of 43 faulty doffings,
there was more than one area of contamination, which
may reflect gross shortcomings in the method of
doffing.
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ABSTRACT

Background and Aims: A major limitation to providing oxygen therapy by high flow nasal
oxygen (HFNO) delivery devices is its availability and therefore as an alternative many clinicians use
a standard non rebreathing face mask (NRBM) in order to oxygenate their patients where low-flow
nasal oxygen or simple facemask oxygen is not providing adequate respiratory support to achieve
the target peripheral oxygen saturation (SpO,). We aimed to determine the clinical effectiveness
of HFNO versus NRBM in terms of improving patient outcome among patients admitted to our
intensive care unit (ICU) during coronavirus disease-2019 (COVID-19) outbreak. Methods: In
this prospective open labelled study, 122 COVID-19 patients presenting with acute hypoxaemic
respiratory failure (AHRF) were randomised to receive either HFNO or NRBM to achieve the target
SpO,. The primary clinical outcome measured was device failure rate and secondary outcome
was all-cause 28-day mortality rate. Results: The device failure rate was significantly higher in
HFNO group (39% versus 21%, P = 0.030). Oxygen support with NRBM resulted in a reduced
all mortality rate over HFNO (26.2% versus 45%) but the mortality rate after treatment failure in
either group (HFNO or NRBM) remained high (91% versus 92%). Conclusion: Oxygen support
with NRBM results in both reduced device failure rate and higher survival among patients of
COVID-19 with AHRF.

Key words: Acute hypoxaemic respiratory failure, COVID-19, high flow nasal oxygen, mortality,
non-rebreathing mask, treatment failure

INTRODUCTION

dated 3 July 2020)"" and mentioned HFNO as the
next line of therapy if hypoxia cannot be alleviated

High flow nasal oxygen (HFNO) delivery devices
through a cannula gained major importance during
the recent coronavirus disease-2019 (COVID-19)
pandemic for effective oxygen therapy in patients
presenting with acute hypoxaemic respiratory
failure (AHRF). There are conflicting conclusions
about the utility of HFNO in terms of reducing
mortality or tracheal intubation rate.? However,
there is no confusion that HFNO delivery is a better
modality to deliver humidified oxygen compared
to other high flow oxygen devices in terms of better
tolerance, improved oxygenation and reduced work
of breathing.”® The Government of India Ministry
of Health and Family Welfare published guidelines
on clinical management of COVID-19 (version 5

by supplemental oxygen therapy. A major limitation
to provide oxygen therapy by HFNO is unavailability
of this equipment and therefore many clinicians use
either conventional non-invasive ventilation (NIV) or
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standard non-rebreathing oxygen face mask (NRBM) to
oxygenate their patients. NIV can improve oxygenation
but it has also been implicated in inducing lung injury
because of generation of high tidal volume. As of now
there are limited trials evaluating the effectiveness of
NRBM compared to HFNO. During the pre-COVID era,
there were a few studies that had compared HFNO
with NRBM and out of these, one study concluded
that HFNO was better during extubation!”! whereas
another® revealed that HFNO was not efficient as a
preoxygenation device when compared to NRBM.
The present study aimed at evaluating and comparing
the clinical effectiveness of NRBM versus HFNO
among patients of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) with AHRF in terms
of treatment failure rate as primary outcome and
all-cause 28-day mortality rate as secondary outcome.

METHODS

This  prospective  randomised  open-labelled
interventional study was conducted over a period of
three months from December 2020 to March 2021
during the first wave of COVID-19 pandemic at a
tertiary care state COVID hospital. The study protocol
was approved by the institutional ethics committee
(IEC no. 1060) and registered in Clinical trial registry,
India. (CTRI/2020/12/029803). The study was
conducted in accordance with the principles of the
Declaration of Helsinki.

All eligible adult conscious patients of more than
18 years age with laboratory confirmed COVID-19
(detection of SARS-CoV-2 by real-time reverse
transcription polymerase chain reaction) and
presenting with AHRF [ratio of peripheral oxygen
saturation to the inspired fraction of oxygen (SpO,/FiO,)
<350] were screened for the study inclusion and the
ones with SpO, less than 90% were included after
obtaining written informed consent from the study
participants or their next responsible attendant. The
exclusion criteria set for the study were anatomical
factors precluding the use of a nasal cannula; patient’s
refusal; patients who present with clear indications
for NIV like type 2 respiratory failure or isolated
cardiogenic pulmonary oedema; haemodynamic
instability requiring vasopressor support, surgery in
the preceding weeks. All management decisions other
than oxygen therapy were made by the managing
physicians in charge according to standard treatment
as per the Government of India Ministry of Health
and Family Welfare published guidelines on clinical
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management of COVID-19. Patients were randomised
in 1:1 ratio to receive the allocated intervention as per a
computer-generated random number table. Allocation
concealment was done with sequentially numbered,
opaque, sealed envelopes.

HFNO protocol and management (inspired™O,FLO,
Vincent Medical Manufacturing, Hung Hom, Kowloon,
Hong Kong): Oxygen (O,) therapy was initiated at a
minimum initial flow of 30 litres per minute (LPM)
and temperature set between 34°C and 37°C. To
achieve a target SpO, of 94%, the appropriate FiO,
was used or an increase in flows up to 60 LPM was
tried. HFNO was discontinued when the total daily
treatment duration came down to less than 4 hours
and standard oxygen therapy was given with oxygen
mask using flow of 5 LPM.

Non-rebreathing mask protocol and management:
The NRBM delivered 15 L/min of oxygen. As with the
HFNO group, the oxygen-air mixer was started with
minimal flow of O, with 6 LPM to achieve a target
SpO, of 94% and flow was increased accordingly.

Discontinuation of HFNO or NRBM and initiation of NIV
or tracheal intubation [invasive mechanical ventilation
(IMV)] was considered as treatment failure® and was
based on the clinical judgement of the primary physician,
guided by a standard institutional protocol [presence of
persistent/worsening respiratory distress, respiratory
rate >40 breaths/min, SpO, <90%, acidemia with pH
<7.35, significant haemodynamic instability (defined
as systolic blood pressure <90mmHg, mean arterial
pressure <65mmHg or vasopressor requirement),
deterioration in neurological status (Glasgow coma
score <12) or inability to clear secretions]. Patients were
discharged from the intensive care unit (ICU) when
SpO, was >94% on standard oxygen therapy (with
oxygen mask or nasal prongs <6 LPM).

The primary outcome of the study was treatment
failure rate with either device. The secondary outcome
was the all-cause 28-day mortality rate. Also, our study
tried to evaluate time to achieve target SpO, defined
as institution of a particular oxygen therapy and time
to reach target SpO, of 94%, patient comfort with the
assigned device by an 11-point Visual Analogue Scale
(VAS), where “0” denotes severe discomfort, and “10”
denotes perfect comfort.

The intubation rate with NRBM group has been
reported to be 47%."" To detect 50% reduction in

645

Page no. 35



Thota, et al.: HFNO versus NRBM in COVID-19 patients

intubation rate (treatment failure) with HFNO group,
the estimated sample size was 61 subjects per group
with a confidence level [1— o] =95% and power level
[1— B] =80%.11

The continuous variables were described as mean (%
standard deviation) or medians (interquartile ranges,
25" to 75" percentiles) and categorical variables as
proportions. Between-group comparisons for continuous
variables were performed using Student’s two-tailed
t-test or nonparametric Mann-Whitney U-test in the case
of non-normal distribution. Chi-square test or Fisher’s
exact test, in case of low expected frequencies, was used
for comparisons of categorical variables. “Worst case
scenario” analysis was done where a patient opting for
discharge against medical advice (DAMA) was deemed
to have died. All statistical tests were two sided, and
P < 0.05 was considered statistically significant. All
data were analysed using the Statistical Package for
the Social Sciences (SPSS) statistical software package,
version 16.0 for Windows (SPSS, Chicago, IL).

RESULTS

One hundred twenty-two COVID-19 patients with

AHRF were prescribed to receive either HFNO
(HFNO group = 61) or NRBM (NRBM group = 61)
as first line oxygen therapy to meet the target SpO,
of 94% as per their random number allocation
[Figure 1].

Both the groups had comparable demographic data
and baseline clinical variables such as dyspnoea on
admission measured on a modified Borg scale,!
SpO,/FiO, ratio and co-morbidities. Majority of the
patients had either diabetes mellitus or hypertension
as co- morbidity [Table 1]. Sixty-one patients received
HFNO, out of which 37 patients were successfully
weaned and 24 patients needed escalation to second
line oxygen therapy (treatment failure) but later, six
patients had unexpected cardiac arrest in the ICU after
successful weaning from HFNO. Among the treatment
failure patients, two were prescribed invasive
mechanical ventilation with tracheal intubation and
22 were prescribed NIV, of which again two could be
weaned off and discharged from the ICU and 22 patients
could not be weaned and they expired [Figure 2].

Among the 61 patients treated with NRBM,
48 patients were weaned off and the median duration

[ Enrolment ]

Assessed for eligibility (n=154)

Excluded (n=32)
+ Not meeting inclusion criteria (n=5)

*| + Declined to participate (n=20)
+ Lack of consent (n=7)

Randomised (n=122)

!

= [ Allocation } ¥
Allocated to intervention (n=61) Allocated to intervention (n= 61)
+ Received allocated intervention (n=61) + Received allocated intervention (n=61)
+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)

& [ Follow-Up ] -

A J
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
y [ Analysis ] 3

Analysed (n=61) Analysed (n=61)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure 1: Consolidated Standards of Reporting Trials (CONSORT) Flow Diagram
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of treatment was 10 (8-13) days [Table 2]. Thirteen
patients failed to improve with NRBM and needed
escalation to second line oxygen therapy (treatment
failure). Of the 48 patients weaned from NRBM, four
had unexpected cardiac arrest. Among the treatment
failure patients, one was prescribed invasive
mechanical ventilation with tracheal intubation and
12 were prescribed NIV, of which again one could
be weaned off and discharged from the ICU and
12 patients could not be weaned and they expired
[Figure 2].

Table 1: Patient demographics and baseline clinical

variables

Parameter HFNO (n=61) NRBM (n=61)
Age in years, mean (SD) 60 (10.3) 58 (12.6)
Male/Female, n 44/17 41/20
SpO,/FiO, ratio mean (SD) 235 (55.4) 250 (52.5)
Dyspnoea intensity*, median (range) 3 (4) 3 (6.5)
Co-morbidities

Diabetes mellitus, n 33 25

Hypertension, n 32 29

Chronic kidney disease, n 7 9

Coronary artery disease, n 6 1

HFNO - High flow nasal oxygen cannula; NRBM - Non-rebreathing oxygen
face mask; SD - standard deviation; n - numbers of patients; SpO, - Peripheral
arterial oxygen saturation measured by pulse oximeter; FiO, - Fraction of
inspired oxygen; *Intensity of dyspnoea assessed using modified Borg scale
at intensive care unit admission

The time to achieve target saturation after allocation to a
study arm was faster in NRBM group, but patients from
HFNO group had a higher comfort score (measured
with 11-point VAS) compared to NRBM group. The
all-cause 28-day mortality after adding three patients
who were discharged against medical advice was
significantly lower for NRBM compared to HFNO
group (26% versus 45%, P = 0.038). Similarly, the
device failure rate necessitating institution of second
line oxygen therapy (NIV or IMV) was also lower in
NRBM group (21% versus 39%, P = 0.030). However,
the mortality resulting from device failure was high and
similar in both the groups. The duration of treatment on
the allocated oxygen delivery device (HFNO or NRBM)
and duration of ICU stay was significantly longer in
patients receiving HFNO compared to NRBM [Table 2].

DISCUSSION

In the current pandemic, the drug that can be used
beyond doubt for the benefit of a COVID-19 patient
is oxygen, and thus oxygen therapy remains the
cornerstone therapy in moderate and severely infected
patients with SARS-CoV-2. Choosing an appropriate
device to deliver oxygen to the needy patient is a basic
requirement, while chasing the SpO,, to reach the

122 patients

randomised

HFNO, n=61 NRBM, n=61
Success Failure Success Failure
37/61(60.6%) 24/61(39%) 48/61(79%) 13/61 (21%)
Discharged to Intubated=2 Discharged to Intubated=1
survival=31(83.7%) NIV=22 survival=44 (91.6%) NIV=12
Unexpected death (SCA) Unexpected death (SCA)
after weaning=0 (16%) after weaning=4(8.3%)
Discharged to Discharged to

survival=2 (8.3%)
Death=22/24 (91.6%)

survival=1 (7.6%)
Death=12 (92.3%)

HFNO- High flow nasal oxygen
SCA-Sudden cardiac arrest; NIV-Noninvasive
ventilation; ICU-Intensive care unit

la; NRBM- r

face mask; n- number of cases;

' DAY

mechanical ventilation; IMV-Invasive mechanical

Success is weaned off from HFNO or NRBM; Failure is need for escalation of oxygen therapy from

instituted device to NIV or IMV.

Figure 2: Patient flow and outcomes of intervention
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Table 2: Comparison of outcome measures between HFNO and NRBM

Parameter HFNO (n=61) NRBM (n=61) P

Time to reach SpO, of 94% in seconds mean (SD) 63 (12) 53.4 (10) <0.001
Patient comfort on a VAS, median (IQR 25-75%) 6 (4-8) 4 (3-6) =0.008
Duration of treatment in days, median (IQR 25-75%) 8 (6-19.5) 7 (5.5-9) <0.001
Treatment failure rate n (%) 24 (39.3%) 13 (21%) =0.030
Days in ICU, median (IQR 25-75%) 12 (8-24) 10 (8-13) =0.001
Mortality*, n (%) 28 (45) 16 (26) =0.038

HFNO - High flow nasal oxygen cannula; NRBM - non-rebreathing oxygen face mask; SpO, - Peripheral arterial oxygen saturation measured by pulse oximeter;
SD - standard deviation; VAS - visual analogue scale for measuring patient comfort “0” denotes severe discomfort and “10” denotes perfect comfort; IQR - inter
quartile range; n - number of patients; ICU - intensive care unit; *Patients who got discharged against medical advice and ICU mortality combined

target of 94%, while aiming for an overall improvement
of the patient.

The current study compared two commonly used
oxygen delivery devices, namely, HFNO and
NRBM, regarding their effectiveness in improving
SpO,. The study results suggest several clinical
advantages of NRBM in terms of time to reach target
SpO,, reduced treatment failure rate and improved
survivability [Table 1].

One of the major issues in the COVID triage room
was accepting patients with much worse health than
they realised because of “Happy Hypoxia.”!' The
basic requirement in the COVID triage room was to
improve the dropped oxygen saturation to avoid any
casualty while triaging the patient to the appropriate
care area.

The Brussel study observed a 1-4% increase in SpO,
when a simple surgical mask was placed on top of a
high-flow nasal cannula.*! The researcher opined
that placement of the surgical mask reduced the room
air entrainment and dilution of the delivered oxygen
through HFNO.!"® However, considering a shortage of
oxygen supply in the current pandemic, one finds it
difficult to justify the use of such high flow oxygen (60
LPM) through HFNO. In the current study, a tight fitting
NRBM was used and a similar increase in SpO, within
90 seconds by using a flow rate of 15 LPM could be
demonstrated. The time to achieve target saturation is
faster with NRBM compared to HFNO [Table 2]. This
could be because, though both the devices provide
high concentration oxygen, there is a risk that the
oxygen delivered through unsealed HFNO might have
been affected because of not strictly adopting to size
of the nasal cannula in the current study protocol and
thereby failing to provide adequate oxygen.*

The other strong point in the current study was the
application of SpO,/FiO, ratio (S/F ratio) to screen our
patients for triage unlike majority of the studies.!*>:1%
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subjecting the patients to an arterial blood gas analysis.
The reason for this is twofold; first, the national
guidelines which clearly advocate the use of SpO, as
an alternative to PaO, keeping in view the patients
convenience, scarce availability of a blood gas analyser
and shortage of health care workers,® second, the
observations from a French study indicating the utility
of SpO,/FiO, ratio for triage and suggesting a threshold
SpO,/FiO, ratio of <350 for ICU admission."”!

Among critically ill patients, it is difficult to assess
dyspnoea and comfort as most of the patients are on
ventilator, not able to talk and are psychologically
depressed. A systematic analysis done in 2019?
concluded that HFNO had no impact on comfort and
dyspnoea. The intensity of dyspnoea measured with
Borg scale” was similar in both the groups, whereas
patients with HFNO felt relatively comfortable
compared to NRBM when measured with VAS [Table 2],
similar to a study which revealed that HFNO is more
comfortable for patients based on the ease in feeding
and communication with health care workers.*?!

Many initial studies®*'®! have confirmed the
beneficial effect of HFNO in improving the oxygen
saturation and delaying institution of second-line
therapy like NIV or tracheal intubation. On the other
hand, later studies questioned the utility of HFNO in
the current COVID-19 pandemic citing its potential for
viral spread.*”

A South African bi-centre study!’® observed an
overall mortality of 44% in 293 consecutive patients
with COVID-19-related AHRF treated with HFNO
which is similar to our study (45%) where 28 patients
expired among HFNO group and device failure rate
was 39% (n = 24/61) among HFNO group which is
very similar to a retrospective study®! where 39%
patients failed with HFNO (40/105). However, it is
interesting to note that, simple application of NRBM
in place of HFNO not only reduced the mortality by
19% [Figure 2], but it also significantly reduced the
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device failure rate by 18% [Figure 2]. This is in contrast
to a French study where the control group (simple
oxygen face mask) had a mortality of 30%.0'%

To our knowledge, to date, this is the first randomised
interventional study to evaluate the effectiveness and
outcomes of HFNO versus NRBM in a prospective
cohort of 122 confirmed COVID-19 patients with AHRF.
The only other study which compared HFNO versus
NRBM plus nasal cannula is a non-peer-reviewed
small retrospective study of 54 patients published
in preprint format. In the study, no difference was
observed between the two interventions in terms
of mortality and the need for invasive mechanical
ventilation.**

One area of concern in our study results was the high
mortality rate in the treatment failure group with
either device (HFNO or NRBM). This implies that,
both HFNO and NRBM could bring the target oxygen
saturation to an acceptable level but do not actually
reduce the mortality related to device failure. On the
other hand, we could clearly demonstrate that NRBM
reduced the mortality significantly [Figure 1].

Nevertheless, most of the available literature*!”
suggests similar trends in the treatment failure
group, thus raising the doubt whether our study
intervention [median interquartile range (IQR),. .|
8 (6-19.5) days with HFNO versus 7 (5.5-9)with
NRBM |[Table 2] delayed the institution of second-line
therapy and thus contributed to the high mortality.
A retrospective observational study from a tertiary
care centre in India suggested that early tracheal
intubation reduces the mortality associated with
severe COVID-19-associated acute respiratory distress
syndrome (ARDS). However, the accompanying
editorial suggests a cautious approach while deciding
for tracheal intubation and permits the use of
alternative modes of oxygenation if clinical judgment
permits.?**! Considering the fact that COVID-19 is
a complex disease with features suggestive of both
ARDS and acute vascular distress syndrome, one has
to do further randomised controlled trials to find out
the best time to intervene and the best possible therapy
in case of first-line treatment failure. 252

There are a few limitations to our study. First, we
have not done any statistical analysis to decide age
or comorbidity adjusted mortality to draw a firm
conclusion. Second, the likelihood of differential
treatment to the study participants might have been
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affected by the lack of blinding. Third, serial blood gas
analysis was not done to find out any carbon dioxide
build up which could have resulted in device failure.

CONCLUSION

Based on the observations, we conclude that, NRBM
is an effective first line oxygen delivery device in
COVID-19 patients presenting with AHRF. HFNO is
more comfortable compared to NRBM. Oxygen support
with NRBM not only results in a lower mortality rate
but also provides shorter duration of ICU stay and
reduced device failure rate. However, treatment failure
with either device is associated with higher all-cause
28-day mortality.
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ABSTRACT

Background and Aims: Infants exposed to major surgery are at risk of injuries to the
immature brain because of reduced arterial oxygen saturation. This study compared the
effect of volume-controlled ventilation (VCV) versus pressure-controlled ventilation (PCV)
on cerebral oxygenation in neonates subjected to repair of tracheoesophageal fistula (TEF)
under video-assisted thoracoscopic surgery (VATS). Methods: This randomised controlled
study included 30 full-term neonates scheduled for VATS for managing TEF under general
anaesthesia. They were randomised to either VC group (n = 15), who received VCV, or PC
group (n = 15), who received PCV. Cerebral oxygenation (rScO,) was monitored throughout
the surgery with documentation of episodes of cerebral desaturation. Peripheral oxygen
saturation, partial pressure of carbon dioxide (PaCO,), and end-tidal carbon dioxide were
recorded at baseline, after induction of anaesthesia, and every 30 min till the end of the surgery.
Results: rScO, was significantly higher in the PC group than the VC group at baseline and
was significantly higher in the VC group after 15 min (P = 0.041). Later, it was comparable in
both the groups up to 60 min after starting the surgery. Cerebral desaturation was significantly
more common in the PC group (80%) compared to VC group (33.3%) (P = 0.010). PC group
required higher fraction of inspired oxygen and positive end-expiratory pressure to prevent
cerebral desaturation. PaCO,was significantly higher in the PC group than the VC group at 30
and 60 min (P=0.005 and 0.029). Conclusion: VCV is safer than PCV for cerebral oxygenation
during VATS in neonates.

Key words: Brain, intermittent positive-pressure ventilation, newborn, oximetry, pulmonary gas
exchange, thoracic surgery, video-assisted tracheoesophageal fistula

INTRODUCTION

Cardiac

and non-cardiac

Therefore, monitoring CBF during neonatal surgery
is recommended to preserve cerebral physiology.
Intraoperative  monitoring can help optimise

congenital anomalies

usually necessitate surgical intervention during the
first few months of life.! Infants exposed to such
major surgery are at risk of injuries to the immature
brain.” Thoracoscopy is now adopted by many
centres worldwide for several procedures, including
oesophageal surgery, diaphragmatic hernia repair, and
lobectomies in newborns and infants.®! However, there
isa debate concerning carbon dioxide (CO,) insufflation
during thoracoscopy. Elevated intrathoracic pressure
leads to decreased venous return and cardiac output
and subsequently reduced cerebral blood flow (CBF).™

cerebral oxygenation to protect the neonatal brain.
Various invasive methods are available for assessing
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CBFE. Among non-invasive methods, transcranial
Doppler ultrasonography and cerebral oximetry with
near-infrared spectroscopy (NIRS) are commonly
employed.P! As the factors affecting oxygen metabolism
are relatively stable over short time periods, NIRS
can be used for monitoring intraoperative changes in
CBFE!® NIRS measures the regional cerebral oxygen
saturation (rScO,)."”!

Few studies have shown that different modes of
mechanical ventilation have different effects on
CBF in neonates.®! However, there is no study
comparing volume-controlled ventilation (VCV) versus
pressure-controlled ventilation (PCV) modes. This study
tried to bridge this literature gap by comparing these two
ventilation modes in neonates subjected to the repair of
oesophageal atresia with tracheoesophageal fistula (TEF)
using video-assisted thoracoscopic surgery (VATS)
in terms of cerebral oxygen saturation, and changes
of peripheral oxygen saturation (SpO,), partial
pressure of carbon dioxide (PaCO,), end-tidal carbon
dioxide (ETCO,), and fraction of inspired oxygen (FIO,).

METHODS

This randomised controlled study was conducted in 30
full-term neonates between August 2020 and August
2021 in a tertiary referral centre. Inclusion criteria were
full-term (gestational age 37-42 weeks) neonate (age
less than 1 month), with body weight of more than
2,500 g, scheduled for repair of TEF under VATS.
The study was approved by the research committee
and the institutional ethics committee (Approval no.:
MS-271-2019). The study was registered on Clinical
Trials.gov with study ID NCT04507295 and was
conducted in accordance with the principles of the
Declaration of Helsinki.

The neonates were randomised into two groups.
Group VC (n = 15) was ventilated with VCV,
whereas the PC group (n = 15) was ventilated
with PCV. Randomisation was done based on
computer-generated numbers using an online
randomisation programme (research randomiser) by
selecting two sets with a range of numbers between
1 and 30. The preoperative assessment was done on
the day before surgery, including history-taking from
parents, complete examination, routine laboratory
investigations, and radiological investigations.

The patients were put in the prone position with no
head elevation and in neutral neck position. They
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were monitored throughout the surgical procedure
using pulse oximetry, invasive blood pressure
monitor, capnogram, and electrocardiography. The
rScO, was measured continuously by the NIRS
monitor (INVOS 5100-P Cerebral Oximeter; Covidien,
Mansfield, Massachusetts, the USA). The rScO,
reflects the venous (70-80%), capillary, and arterial
oxygen saturation. It is a reliable method to detect
significant changes in cerebral oxygenation.”” The
rScO, is calculated using the oxygenated haemoglobin
and the total haemoglobin. Two transducers (OxyAlert
TM neonatal sensor®) for cerebral oximetry were
applied to the patient on both sides of the forehead.
The monitor displayed the cerebral oxygen saturation
from the right and the left side of the brain digitally
as a graph. Other variables influencing cerebral
oxygenation, including ETCO,, SpO,, and the FiO,
were monitored.

General anaesthesiawasinduced usingintravenous (IV)
fentanyl 1-2 ug/kg and propofol 2-3 mg/kg. Tracheal
intubation (uncuffed endotracheal tube, German
Medical Solutions Company, Code TT35, Egypt) was
facilitated using IV atracurium 0.5 mg/kg. Ventilation
was mechanically controlled using the standard
pressure-controlled mode to maintain ETCO, between
30 and 35 mmHg. Anaesthesia was maintained using
1.6% isoflurane adjusted according to haemodynamic
changes with top-up doses of atracurium as
required (MaquetFlow-IC20, Sweden). After starting
CO, insufflation using a flow of 0.5-1.0 l/min and
pressure at 4-6 mmHg, the ventilation of patients was
managed according to group allocation.

Patients in the VC group were ventilated during gas
insufflation using volume-controlled mode with the
following parameters: FiO, of 60%, tidal volume (TV)
of 6-8 ml/kg, inspiratory to expiratory ratio (I:E) of
1:2, and inspiratory pause of 10% duration, using a
minimal positive end-expiratory pressure (PEEP) of at
least 2 cm H, 0. The respiratory rate was then modified
to maintain ETCO, between 30 and 35 mm Hg.

Patients in the PC group were ventilated using
pressure-controlled mode with the following
parameters: FiO, of 60%, inspiratory pressure adjusted
to acquire a TV of 6-8 ml/kg (according to the weight
of the patient), respiratory rate of 30 breaths/min,
and LE ratio of 1:2 using a minimal PEEP of at least
2 cm H,O. Then, the insufflation pressure was added
to the driving pressure. The inspiratory pressure and
respiratory rate were modified to maintain the ETCO,
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between 30 and 35 mmHg. Cerebral oxygenation was
monitored throughout the surgery with documentation
of episodes of cerebral desaturation (defined as a
decrease in the rScO, by 20% from the baseline
reading). Once cerebral desaturation occurred, the
following actions were done: stepwise increase of FiO,
up to 100%, PEEP up to 5 cm H,O and inspiratory pause
to 15%, and decreasing the insufflation pressure.

Demographic data and serial rScO, recordings were
collected every 15 min till the end of surgery. SpO,,
PaCO,, and ETCO, were recorded at baseline, after the
induction of anaesthesia, and every 30 min till the end
of surgery.

The primary outcome measure was the cerebral oxygen
saturation during surgery. The secondary outcomes
were intraoperative changes of SpO,, PaCO,, ETCO,,
FIO,, and PEEP.

The sample size was calculated using G-power
software. The mean + standard deviation of rScO,
in neonates undergoing thoracoscopic surgery was
derived from a previous study!® and was 73 + 7%. We
assumed that different ventilation modes might cause
a change of 10% in rScO,. Considering a power of 80%
and an alpha error of 0.05, the total sample size was
calculated to be 30 patients (15 in each group).

Statistical analysis was done using Statistical Package
for Social Sciences© statistics version 23 (International
Business Machines© Corp., Armonk, New York,
the USA). Chi-square test (Fisher’s exact test) was
used to examine the relation between qualitative
variables. For quantitative data, comparison between
the two groups was made using Mann-Whitney test.
Comparison of repeated measures was made using
Friedman test, followed by Wilcoxon signed-ranks test.
A Pvalue <0.05 was considered significant.

RESULTS

Thirty-six patients were evaluated for eligibility. Four
patients did not fulfil the inclusion criteria, and two
parents refused to participate. Thirty neonates were
enroled in the study [Figure 1]. Demographic data and
diagnosis were comparable between both the groups
[Table 1]. All patients were extubated on table and
transferred to the neonatal intensive care unit.

Cerebral saturation on the right and left sides
of the brain was significantly higher in the PC
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Figure 1: Consolidated Standards of Reporting Trials (CONSORT)
flow diagram

Table 1: Demographic data and operative details of the
two studied groups

VC Group PC Group P

(n=15) (n=15)

Age (days) 10 (2-15) 8 (3-20) 0.870
Gender (male/female) 6/9 718 0.713
Weight (g) 2810+185 2843+203 0.642
Duration of surgery (min) 8517 87+16  0.780
Surgical Procedure

Ligation of fistula + primary repair 12 11 1.000

Ligation of fistula + diversion 3 4

VC=volume-controlled ventilation group, PC=pressure-controlled ventilation
group. Data are expressed as median (range) or meanzstandard deviation

group than the VC group at baseline (P = 0.008
and 0.050, respectively). Cerebral saturation on
the left side was significantly higher in the VC
group after 15 min (P = 0.041). Otherwise, the
cerebral saturation was comparable in both groups
up to 60 min after starting the surgery. Cerebral
desaturation was significantly more common in
the PC group [Table 2]. Few patients needed an
extended operative time beyond 60 min. Therefore,
statistical comparisons were limited to 60 min. Ten
patients (66.7%) in the VC group required a maximum
FiO, of 60% to prevent cerebral desaturation, whereas
12 patients (80%) of the PC group needed FiO, of
80% or 100% (P = 0.035) [Table 3]. PEEP was higher
in the PC group (4.4 = 1.2 cm H,0) compared to
the VC group (2.8 + 1.4 cm H,0O) between 30 and
60 min (P = 0.011) [Table 4].

PaCO, increased significantly in the two groups at 30
and 60 min compared to baseline readings (P < 0.001
for all comparisons). PaCO, was significantly higher
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Table 2: Perioperative cerebral saturation on the right and

left sides of the brain in the two studied groups

VC Group PC Group P
(n=15) (n=15)
Cerebral
saturation (right)
Baseline 73.345.5 80.1£7.1 0.008
After 15 min 77.4%13.2 72.8+15.3 0.595
After 30 min 73.1£12.3 73.1£13.8 1.000
After 45 min 81.746.8 82.9+5.8 0.595
After 60 min 82.4+8.7 83.246.3 0.775
Cerebral saturation (left)
Baseline 74.9+4.8 79.045.3 0.050
After 15 min 80.4+14.1 72.2+13.2 0.041
After 30 min 77.5£12.8 73.0£14.9 0.412
After 45 min 85.54+5.8 84.4+7.3 0.713
After 60 min 84.3+6.4 83.946.3 0.744
Cerebral desaturation 5 (33.3%) 12 (80.0%) 0.010

VC=volume-controlled ventilation group, PC=pressure-controlled ventilation
group. Data are expressed as meanzstandard deviation in percentage

Table 3: The maximum FiO, used to maintain cerebral

saturation in the two studied groups

FiO,(%) VC Group (n=15) PC Group (n=15) P
60 10 (66.7%) 3 (20.0%) 0.035
80 2 (13.3%) 4 (26.7%)

100 3 (20.0%) 8 (53.3%)

FiO,=Fraction of inspired oxygen, VC=volume-controlled ventilation group,
PC=pressure-controlled ventilation group. Data are expressed as number (%),
n - number.

Table 4: Intraoperative vital parameters in the two studied

groups
VC Group (n=15) PC Group (n=15) P

Sp0,(%)
Baseline 93.7+1.6 94.1+1.9 0.624
After 15 min 93.1+4.2 90.516.6 0.345
After 30 min 92.0+4.3 90.845.8 0.902
After 45 min 94.3+2.0 94.5+2.8 0.539
After 60 min 94.4+2.9 94.4+2.3 0.775
PaCO, (mmHg)
Baseline 39.1+5.6 34.9+3.2 0.033
After 30 min 70.7+9.6 79.5+8.1 0.005
After 60 min 66.317.8 73.5+£9.2 0.029
FiO, (%)
After 15 min 65.3+11.9 74.7£17.7 0.187
After 30-60 min 70.7£16.7 86.7+16.3 0.023
PEEP (cm of H,0)
After 15 min 2.6+1.2 3.2¢1.5 0.367
After 30-60 min 2.8+1.4 4.4+1.2 0.011

FiO,=fraction of inspired oxygen, SpO,=peripheral oxygen saturation,
PaCO,=partial pressure of carbon dioxide, PEEP=positive end-expiratory
pressure, VC=volume-controlled ventilation group, PC=pressure-controlled
ventilation group. Data are expressed as meantstandard deviation

in the PC group compared to the VC group at 30 and
60 min (P = 0.005 and 0.029). SpO, was comparable
in the two groups [Table 4]. There were no significant
differences between the two groups in intraoperative
heart rate and mean arterial pressure [Table 5].
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DISCUSSION

This study demonstrated that VCV appears safer than
PCV regarding cerebral oxygenation during VATS in
neonates. PCV was associated with more frequent
episodes of cerebral desaturation compared to VCV.
Cerebral saturation was significantly higher in the VC
group after 15 min. Then, it became comparable in
the two groups up to 60 min. The PCV group needed
higher FiO, to maintain cerebral oxygenation. PaCO,
was significantly higher in the PC group compared
to the VC group at 30 and 60 min. The improvement
in cerebral saturation may have been due to better
pulmonary oxygenation. However, further studies
are needed to document this finding as we did not
measure the partial pressure of arterial oxygen during
the episodes.

Neonates are likely to develop atelectasis and
hypoxaemia because of low body weight, small
tidal volumes, low functional residual capacity,
and high closing volumes. Besides, many neonates
with TEF may have variable degrees of pulmonary
dysplasia.l’! In addition, CO, insufflation contributes
to more hypoxaemia and hypercapnia.'® VATS
has been widely used for various procedures in
neonates.['! Compared to open surgery, VATS has
some advantages, including shorter postoperative
ventilation and hospital stay and shorter time toremove
the chest drain. However, anaesthetic management of
these procedures is still challenging because of many
reasons.

One of the most frequent disadvantages is a longer
operative time.['?! Longer operations put the brain at
the possible risk of prolonged duration of hypoxaemia.
Besides, increased intrathoracic pressure because
of the CO, insufflation can decrease venous return
and cardiac output with consequent systemic
hypotension.[*®! In neonates, cerebral autoregulation is
still immature and becomes unstable during surgery.'4
Therefore, securing adequate oxygen flow to the brain
is crucial during anaesthesia.

Neunhoeffer et al™ noted a significant linear
correlation between intrathoracic CO, insufflation
pressure and rScO2. Cerebral desaturation periods
were more frequent during thoracoscopy than
abdominal surgery. In a prospective case series of
five infants subjected to 16 thoracoscopic procedures,
cerebral oxygenation remained almost stable. Because
of the haemodynamic changes, transient cerebral
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Table 5: Intraoperative heart rate and mean arterial
pressure in the two studied groups

VC Group PC Group P

(n=15) (n=15)
Heart rate (beats per minute)
Baseline 1407 1417 0.850
After 15 min 12816 12916 0.901
After 30 min 12645 12745 0.821
After 45 min 1234 123+4 0.932
After 60 min 12144 12214 0.806
Mean arterial pressure (mmHg)
Baseline 6016 62+5 0.312
After 15 min 52+3 5414 0.065
After 30 min 53+3 5414 0.155
After 45 min 53+3 5414 0.297
After 60 min 5414 56+3 0.269

VC=volume-controlled ventilation group, PC=pressure-controlled ventilation
group. Data are expressed as meanzstandard deviation

desaturation was observed in two patients.'" In
another observational study, cerebral oxygenation
remained stable intraoperatively. Intrathoracic CO,
insufflation was associated with a transient drop
of rScO, but the values remained within normal
limits.*! A retrospective study investigated the effect
of thoracoscopic surgery in 34 neonates. The neonates
developed intraoperative acidosis and hypercapnia
that was more severe compared to another group
subjected to open surgery.'”!

The optimal CO, insufflation pressure during
thoracoscopy is a matter of debate. Some studies used a
pressure between 5 and 10 mmHg.""***! CO, insufflation
was done with 5 or 10 mmHg pressure during 1-h
thoracoscopy in 10 piglets in an experimental study.
The 10-mmHg insufflation pressure was associated
with more severe haemodynamic instability. The
authors found that a pressure of 5 mmHg produced
no adverse effects on cerebral oxygenation."® Another
study found that an inflation pressure of more than
4 mmHg was associated with a transient decrease in
rScO2 by 12.7%.1%!

In the present study, we were concerned with the
appropriate ventilation strategy that can maintain
adequate cerebral oxygenation in neonates subjected
to VATS. Almost all previous studies have investigated
the effect of ventilation mode on lung physiology
and guarding against lung injury. In fact, the optimal
modalities to minimise intraoperative derangements
in blood gases during thoracoscopic surgery are not yet
established. Some studies have found volume-targeted
ventilation to be the mode of choice in neonates while
measuring a small volume of delivered gases using

Indian Journal of Anaesthesia | Volume 66 | Issue 9 | September 2022

advanced technology.”””! Others used PCV, maintaining
the peak airway pressure at 15-25 cm H,O, with a FiO,
of 60-80%, and I: E ratio of 1:1-1.5.1 PCV was shown
to offer more effective ventilation at lower airway
pressures with more lung protection than VCV.*!
However, most previous studies investigated neonates,
especially preterm, under mechanical ventilation
because of the lung diseases. Only few studies are
available on neonates subjected to thoracoscopic
surgery.

Regarding cerebral oxygenation, we found that VCV
was superior to PCV in the prevention of intraoperative
episodes of cerebral desaturation. We believe that
this advantage might be attributed to maintaining
a regular minute volume throughout the surgery.
However, the PCV technique used in this study was
a ‘volume-targeted’ PCV, adjusted to the required TV
of 6-8 ml/kg. This explains the comparable cerebral
oxygenation levels at most of the time points during
surgery. Continuous adjustment of pressure to achieve
the targeted volume can guarantee a decrease in the
episodes or severity of desaturation or shortening of
the periods to a minimal or negligible time.

In a retrospective study, volume-guaranteed PCV
(PCV-VG) was compared with VCV in infants subjected
to VATS with one-lung ventilation (OLV). PCV-VG
was associated with a lower incidence of hypoxaemia
and better oxygenation.* A meta-analysis reported
significantly lower peak inspiratory pressures in
PCV-VG than in VCV in adults undergoing OLV.1?*
Older studies showed better arterial oxygenation with
PCV than VCV during OLV.*

This study had some limitations. The first is the small
number of cases; however, the prospective nature of
the study may compensate for this defect. In addition,
the data about changes in SpO, were not presented.
Another limitation is the indirect measurement of
CBF; however, measuring cerebral oxygen saturation
using NIRS is a significant indicator of the safety of the
anaesthetic technique.

CONCLUSION

VCV is a safer ventilation modality in neonates
subjected to VATS under general anaesthesia
compared to PCV. Cerebral desaturation is a more
common incident in cases ventilated with PCV
compared to VCV. Prevention of cerebral desaturation
can be effectively accomplished with increasing FiO,;
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however, PCV needs higher FiO, and PEEP to maintain
cerebral oxygenation.

Financial support and sponsorship

Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

10.

11.

12.

656

Laing S, Walker K, Ungerer J, Badawi N, Spence K. Early
development of children with major birth defects requiring
newborn surgery. ] Paediatr Child Health 2011;47:140-7.
Morriss FH, Saha S, Bell EE Colaizy TT, Stoll BJ, Hintz SR,
et al. Surgery and neurodevelopmental outcome of very
low-birth-weight infants. JAMA Pediatr 2014;168:746-54.
Bawazir OA. Thoracoscopy in pediatrics: Surgical perspectives.
Ann Thorac Med 2019;14:239-47.

Tytgat SHAJ, van Herwaarden MYA, Stolwijk LJ, Keunen K,
Benders MJNL, de Graaff JC, et al. Neonatal brain oxygenation
during thoracoscopic correction of esophageal atresia. Surg
Endosc 2016;30:2811-7.

Barud M, Dabrowski W, Siwicka-Gieroba D, Robba C,
Bielacz M, Badenes R. Usefulness of cerebral oximetry in TBI
by NIRS. J Clin Med 2021;10:2938.

Brady KM, Lee JK, Kibler KK, Smielewski P, Czosnyka M,
Easley RB, et al. Continuous time-domain analysis of
cerebrovascular autoregulation using near-infrared
spectroscopy. Stroke 2007;38:2818-25.

van Bel F Lemmers P, Naulaers G. Monitoring neonatal
regional cerebral oxygen saturation in clinical practice: Value
and pitfalls. Neonatology 2008;94:237-44.

Conforti A, Giliberti P, Landolfo F, Valfré L, Columbo C,
MondiV, et al. Effects of ventilation modalities on near-infrared
spectroscopy in surgically corrected CDH infants. ] Pediatr
Surg 2016;51:349-53.

Liu H, Le C, Chen J, Xu H, Yu H, Chen L, et al. Anesthetic
management of thoracoscopic procedures in neonates:
A retrospective analysis of 45 cases. Transl Pediatr
2021;10:2035-43.

Uramoto H, Shimokawa H, Tanaka F. What factors predict
recurrence of a spontaneous pneumothorax? J Cardiothorac
Surg 2012;7:112.

Way C, Wayne C, Grandpierre V, Harrison BJ, Travis N, Nasr A.
Thoracoscopy vs. thoracotomy for the repair of esophageal
atresia and tracheoesophageal fistula: A systematic review and
meta-analysis. Pediatr Surg Int 2019;35:1167-84.

Kiblawi R, Zoeller C, Zanini A, Ure BM, Dingemann J,
Kuebler JE et al. Video-assisted thoracoscopic or conventional
thoracic surgery in infants and children: Current evidence.
Eur J Pediatr Surg 2021;31:54-64.

Page no. 46

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Stolwijk LJ, Tytgat SHAJ, Keunen K, Suksamanapan N,
van Herwaarden MYA, Groenendaal F, et al. The effects of
CO2-insufflation with 5 and 10mmHg during thoracoscopy on
cerebral oxygenation and hemodynamics in piglets: An animal
experimental study. Surg Endosc 2015;29:2781-8.

Brady KM, Mytar JO, Lee JK, Cameron DE, Vricella LA,
Thompson WR, et al. Monitoring cerebral blood flow pressure
autoregulation in pediatric patients during cardiac surgery.
Stroke 2010;41:1957-62.

Neunhoeffer FE Warmann SW, Hofbeck M, Miiller A, Fideler F,
Seitz G, et al. Elevated intrathoracic CO2 pressure during
thoracoscopic surgery decreases regional cerebral oxygen
saturation in neonates and infants—A pilot study. Pediatr
Anesth 2017;27:752-9.

Stolwijk LJ, van der Zee DC, Tytgat S, van der Werff D,
Benders MJNL, van Herwaarden MYA, et al. Brain oxygenation
during thoracoscopic repair of long gap esophageal atresia.
World ] Surg 2017;41:1384-92.

Zani A, Lamas-Pinheiro R, Paraboschi I, King SK,
Wolinska J, Zani-Ruttenstock E, et al. Intraoperative
acidosis and hypercapnia during thoracoscopic repair of
congenital diaphragmatic hernia and esophageal atresia/
tracheoesophageal fistula. Paediatr Anaesth 2017;27:841-8.
Bishay M, Giacomello L, Retrosi G, Thyoka M, Garriboli M,
Brierley J, et al. Hypercapnia and acidosis during open and
thoracoscopic repair of congenital diaphragmatic hernia and
esophageal atresia: Results of a pilot randomized controlled
trial. Ann Surg 2013;258:895-900.

Bishay M, Giacomello L, Retrosi G, Thyoka M, Nah SA,
McHoney M, et al. Decreased cerebral oxygen saturation during
thoracoscopic repair of congenital diaphragmatic hernia and
esophageal atresia in infants. ] Pediatr Surg 2011;46:47-51.
Chakkarapani AA, Adappa R, Mohammad Ali SK, Gupta S,
Soni NB, Chicoine L, et al. “Current concepts of mechanical
ventilation in neonates” — Part 1: Basics. Int | Pediatr Adolesc
Med 2020;7:15-20.

Unzueta MC, Casas JI, Moral MV. Pressure-controlled versus
volume-controlled ventilation during one-lung ventilation for
thoracic surgery. Anesth Analg 2007;104:1029-33, tables of
contents.

Wang Y-P, Wei Y, Chen XY, Zhang L-X, Zhou M, Wang J.
Comparison between pressure-controlled ventilation with
volume-guaranteed mode and volume-controlled mode in
one-lung ventilation in infants undergoing video-assisted
thoracoscopic surgery. Transl Pediatr 2021;10:2514-20.

Schick V, Dusse E Eckardt R, Kerkhoff S, Commotio S,
Hinkelbein J, et al. Comparison of volume-guaranteed

or-targeted, pressure-controlled ventilation with
volume-controlled ventilation during elective surgery:
A systematic review and meta-analysis. ] Clin Med

2021;10:1276.

Tugrul M, Camci E, Karadeniz H, Sentiirk M, Pembeci K,
Akpir K. Comparison of volume controlled with pressure
controlled ventilation during one-lung anaesthesia. Br ]
Anaesth 1997;79:306-10.

Indian Journal of Anaesthesia | Volume 66 | Issue 9 | September 2022



Original Article

Address for correspondence:
Dr. Shamik K. Paul,
Department of Anaesthesiology
and Critical Care, Armed
Forces Medical College,

Pune - 411040, Maharashtra,
India.

E-mail: rakshaafmc@gmail.
com

Submitted: 02-Apr-2022
Revised: 27-Jul-2022
Accepted: 03-Sep-2022
Published: ***

Access this article online

Website: www.ijaweb.org

DOI: 10.4103/ija.ija_309_22

Quick response code

O &a0)

(=]

Functional analysis of a negative pressure airborne
infection isolation canopy unit for the prevention

of transmission of droplets and aerosols- An
experimental study

Shamik K. Paul, Ajay V. Suryavanshi', Kiran D. Parate, Prasad T. Samgiskar?

Department of Anaesthesiology and Critical Care, Armed Forces Medical College, *Principal Engineer, Nayam
Innovations Pvt. Ltd., 2(In Collaboration with Department of Anaesthesiology and Critical Care, Armed Forces
Medical College, Pune), Serigen Mediproducts Private Limited, Pune, Maharashtra, India (In Collaboration
with Department of Anaesthesiology and Critical Care, Armed Forces Medical College, Pune)

This research work was done in the simulation lab of the ARMED FORCES MEDICAL COLLEGE, Pune, India.

ABSTRACT

Background and Aims: This study describes the functional analysis of a negative pressure
canopy unit developed to reduce infective aerosol and droplet spread in ad-hoc wards created to
handle patients suffering from infective respiratory illnesses such as those recently encountered in
the COVID-19 pandemic. Methods: An experimental study was conducted to verify the functional
analysis of a canopy unit for the following variables: a) Quantitative and qualitative analysis of
aerosol generation, b) Efficacy of canopy as containment device and c) Aerosol clearance from
canopy over a period. We describe the process in the form of a problem statement, a discussion
of design considerations (including Computer Aided Design modelling and a functional analysis
of the system using a variety of simulated conditions which included various experiments for the
purpose of testing the safety and efficiency of the system. We also incorporated Computational
Fluid Dynamics analyses to assist us in design modifications of the unit using Euler-Lagrange
approach for aerosol tracking. Results: As demonstrated by the series of experiments, it was
seen that the aerosol load under the testing conditions reduced significantly. The canopy
unit restricted the aerosol particles which either got adhered to the canopy walls or went into
recirculation inside the canopy. In experimental conditions, the fan-filter unit was able to operate
at >95% efficiency. Conclusion: This device exhibited 95-99% efficiency in eliminating aerosols
which would reduce the exposure of health care workers to infective aerosols, which is not only
specific to severe acute respiratory syndrome coronavirus (SARS-CoV)-2, but also to other
airborne transmitted diseases.

Key words: Aerosol, airborne spread, computational fluid dynamics, respiratory protective
devices, respiratory tract infections, viral disease

INTRODUCTION

This is an open access journal, and articles are distributed under the terms of

The need for a device to reduce aerosols in the
intensive care unit (ICU) was recognised during the
coronavirus disease (COVID)-19 pandemic."* Health
care workers (HCWs) involved in the management of
the patients have been donning personal protective
equipment (PPE), but the risk of contracting infection
remains, since the viral load is very high in closed
spaces like the ICU and the wards designated for
COVID-19 patients.”! Patients suffering from highly
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contagious airborne diseases are ideally isolated in
negative pressure rooms, but a sufficient number
of such infrastructure-heavy rooms may not be
available in a pandemic.”! Oxygen therapy whether
administered by face masks, non-rebreathing
masks (NRBM), non-invasive ventilation (NIV) and
high flow nasal cannula (HFNC) or invasive mechanical
ventilation (IMV) produce large amounts of viral-laden
aerosols. We developed a device that scavenges the
viral laden aerosols and traps them inside a high
efficiency particulate air (HEPA) filter. There has
been a rising number of cases of COVID-19 amongst
the HCWs. As the pandemic spread, in the United
States of America and the United Kingdom alone, by
the first week of May 2020, there were over 250,000
HCWs affected by this disease and was responsible
for 10-20% of all COVID positive patients.”’ In
COVID-specific ICUs and wards, the viral load is very
high and an effective scavenging system is required
to make the internal environment of such a medical
facility less contagious. To address the above concerns,
we have developed a portable airborne infection
isolation device to reduce infective aerosol spread of
various sizes. The containment device is a miniature
form of a negative pressure isolation room, and a final
patent has been granted for this device on 03 August
2022 (patent number 402962 and application number
202021042943). The device consists of a retractable
canopy unit to create a physical barrier around the
patient and a fan-filter unit to scavenge and filter
contaminated air. The fan-filter unit (FFU) sequesters
aerosols released from the patient by applying negative
pressure over the patient’s exhale cloud. We designed
a prototype of a canopy and FFU with an objective to
examine the safety and efficacy of the canopy FFU as
a containment device for the reduction of the spread
of aerosols.

METHODS

The device consists of two modules: a transparent
retractable canopy unit and an FFU: to create an
enclosed space around the patient, to remove and
filter contaminated air, respectively. The FFU consists
of: a) Prefilter — for filtering the dust particles, b) Fine
filter — for particles above 5 um and c) High-Efficiency
Particulate Air (HEPA) filter — for filtering all particles
from 0.3-5 wm.

Institutional ethics committee approval (ANAE/103/01/
TT/2020) was obtained for the study. This experimental
study was conducted at a simulated set-up over a
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study period of one year from January 2021 onwards.
The primary objective was to determine the aerosol
exposure to the HCWs. This was achieved by: a)
quantitative and qualitative analysis of aerosol
generation b) efficacy of canopy as containment device
and c) aerosol clearance from canopy over a period of
time.

The study area was the simulation lab of the
Department of Anaesthesiology and critical care of our
institute. The volume of the room was 34 m®. The unit
under study was set up on a full body mannequin with
an aerosol source created by an oxygen flow at 10 1/min
flowing through a droplet generator to a nebulisation
mask. This aerosol source was kept inside the canopy
on the mannequin’s mouth. A particle counter was
placed at various predetermined locations as per the
experimental design.

Aerosol characteristics and baseline conditions:
The aerosol produced ranged between 0.3 um and
10 um. Particle size was measured by an AeroTrak
portable particle counter kept at predetermined
locations as per experiments. For our experiments,
we concentrated on particle sizes 0.3 um to 10
um. Qualitative and quantitative measurements of
particles were validated by a certified testing facility.
As noise generated is an important environmental
concern, the noise level during the conduct of the
experiments was measured by a Mextech sound level
meter capable of measuring from 30 Db to 130 Db.
The noise generated was 40 Db with FFU off and
80-100 Db with FFU on. The ambient temperature
was 24-26°C and humidity was 72-78%. Individual
experiments were carried out after obtaining baseline
values which were repeated for each experiment
to account for variations in ambient humidity and
temperature as each of these variables significantly
alter the aerosol particle count [Table 1].

RESULTS

The particulate matter exposure to the HCW was
measured and the trend of the dwelling time of these
particles in the vicinity of the aerosol-generating
source was analysed. The particles of concern are from
0.3 wm to 5.0 um, which makes a disease airborne.

Experiment 1 was carried out to find out the efficiency
of the FFU by placing the particle counter inside the
canopy and at the exit of the FFU [Table 1]. There
was a continuous reduction in aerosol particles of

Indian Journal of Anaesthesia | Volume 66 | Issue 9 | September 2022

Page no. 48



Paul, et al.: Functional analysis of negative pressure isolation canopy

all sizes [Figure 1]. This reduction was present both
during intermittent and continuous aerosol generating
procedures (AGPs). The filtration efficiency was
more than 99% and about 100 percentile reduction
in aerosol particles of all sizes took place within
5 minutes. The aerosol clearance effect for an
intermittent and continuous aerosol generation was
carried out in experiments 2 and 3, respectively. In
both these experiments, the particle counter was
kept inside the canopy. It was noted that when the
nebuliser was kept on and there was no scavenging
by FFU [both in experiments 2 and 3], there was an

increase in the particle count (0.3-3 um) as expected.
There was a paradoxical decrease in particles of size
5 um and 10 um [Figures 1b and 2a]. This was due
to the Coalescence Effect, which may be defined as
the process when smaller aerosol particles get together
to form larger particles due to cohesion. Due to this
phenomenon, there was an abrupt decrease in the 5
and 10 um particles as they adhered to the canopy and
reduced the total aerosol load.

To assess whether just the canopy without the fan and
suction gave protection to the HCW, experiment 4 was

Results:
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Figure 1: a) Experiment 1: Filtration efficiency test (FET) b) Experiment 2 — Aerosol clearance effect

Table 1: Layout of experiments

Experiment Testing parameter

Clinical Scenario

Particle counter location

No

1 Filtration Efficiency Non-continuous AGPs Inside Canopy (Upstream) and at the Vent (Downstream)
Continuous AGPs Inside Canopy (Upstream) and at the Vent (Downstream)

2 Aerosol Clearance effect Non-continuous AGPs Inside canopy

3 Aerosol Clearance effect (long term) Continuous AGPS Inside Canopy

4 Physical barrier effect Continuous AGPs Outside canopy: HCW position

5 Combined effect (Clearance + Physical Barrier) Continuous AGPs Outside canopy: HCW position

6 Exposure to HCW Continuous AGPs Outside canopy: HCW position with window open

AGPs - Aerosol generating procedures; HCW - Health care worker. Experiment 1: Assess the safety of the device. Experiments 2-6: Assess the efficacy of the device
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carried out [Figure 2b]. Here, the particle counter was
placed outside the canopy near the HCW position. It
was seen that as the canopy was retracted (off position)
the exposure to the aerosols for the HCW increased.
It was seen that the exposure of all the particle sizes
increased from 30% to 50%.

Experiment 5 was carried out to assess the full
functionality of our device [Figure 3a]. The canopy was
deployed and the FFU was put on. Aerosol generation
was continually maintained by the nebuliser. It was
noted that in the first 10 minutes, the aerosol counts
increased, though the exposure to the HCW was
reduced owing to the physical barrier of the canopy.
After 15 minutes, the FFU was switched on. The
clearance effect of the FFU was ranging between 79%
and 93%. This reduction was sustained for 90 minutes
after which the experiment was terminated.

Experiment 6 illustrated the exposure of HCW to
aerosols when the backside access window is opened
for instance when performing suctioning or intubation.

With the FFU off, the HCW was exposed to a greater
number of aerosols. When the FFU was switched on,
even with the back window open, a significant drop in
the aerosol count was noted [Figure 3b].

A Computational Fluid Dynamics (CFD) study was
carried out to optimise the flow rate of FFU. CFD
studies suggested appropriate design modifications
in the canopy unit as by adding of the diffuser
case [Figure 4] that would make the air flow more
streamlined and help to improve the scavenging
capability of the FFU. The prototype design was
developed by means of Computer Aided Design (CAD)
model before fabrication [Figure 5a].

Results of CFD analysis: CFD study was carried out to
modify the existingdesign of the device [Figures4 and 5].
Giventhe speed of the fan in the simulated experimental
settings, approximately 60% of the mass flow rate
left the enclosure through the suction outlet, 25%
recirculated in the canopy enclosure and 15% adhered
to the canopy walls [Figures 5b and c].
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g 12000 ! Mebaliser on
1 Nebullser on = Baseling | Fan off ! Fan on
p—RereR
8 170 Baselinet Fanoff ! Fan on # |5 00w E "'\ &
S w00 | --FT?_:'_’Q—!=!—_1— et ! .-.; 8000 (4 = e S——
B aom | g e e ﬂc‘ E /N
E -y’ | E ¢ ! - —
- ; 5 p— | i
H ! T i |3 " AN 0.3 to 1.0p
16 1 L ) if :
3 ;—"—:--H_H_,.,_.f-——-__.d—-—-—- } b T e 47
g 1 _Fr.h,_ i S e B S 1 E P ot :
E o1 T ! 1} ] 3 6 9 12 15 18 21
[ o 3 ' b 1 o1 owm o o»n \ Time {min)
Tima {min] \ [=-03 =05 =]
——0.3 —-0.5 ——1
| 03 05 =1 3 ——5 --—-\Dl
4 FEs ' bullser on
/ i #o!
Particle counter inside canopy ’ “; h."l'."_' ';_m-s'—‘,'---._ h: iy
- I | -ty
LR ] To W | = =
¢ i é § : -,__-_-I_..- oy
i ;- Y %3 1 ) : 3.0to 10.0u
}.\ v|E ' { I
ok 1
“ I 1 L ‘
% o 3 & 9 12 15 18 2
E \ Time [min)
\
Continuous aerosol generating procedures
= 70 L Mebuliser on a0 1 Nebuliser on
_5 " Basellme I Canopy on :Canowfﬂ.o.- § - Saselllrve : Canopy on : Canopy off
2 g | peet” 3% 2 W%
50 1]
7 g /0.3 = 11
£ a0 | 4 ¢ %o 11 1 3.0n
g cedeopeterieas? | Z o 1
3 1y 1 et Ao ) 1
2 . [ | aoms 53%| |3 1o 1 303%
£ 1y .y 05p B0 e SEx
£ 3 | sejeeprossepser t o 1 1 i
o 3 B 9 12 15 18 21 a4 27 . (] 3 6 9 12 15 18 1 24 7
0.3 to 1.0u T [} Tima {min) H 3.0 to 10.0p
~ BS T [] Nebuliser on B o 1 Nebuliser on
i o
LS 3 ; : = \Canopy off § :: slmt : Canopyon ; Canopy off
g ss —i anopy on : ﬁ% 2 et : o
- 5 1 1 " 12 1 1 [ ..
E E v
£ i 1 1 f"'/ 10 o —[; 36%
., 1 ! I [ ik
S i Y 1.0u $ T 1 :
5 e ebrt . g, 1o !
€ I t 1 1 I
£ 3 5 g
e o 3 6 9 12 15 18 21 4 27 = o :{ ;—. 9 12 15 18 2 24 7
= Time (min) Tima {min)

Figure 2: a) Experiment 3- Canopy clearance effect b) Experiment 4 — Physical barrier effect
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DISCUSSION

‘Aerosols’ refer to particles in suspension in gas.
They are classified as follows: a) Small particles
of <5-10 um diameter, follow airflow streamlines and
are capable of short- and long-range transmission;
b) ‘Intermediate particles’ of diameters 10-20 pm;
c) Large droplets of diameters >20 wm. The rapid
desiccation of exhaled air produces minute particles
that are also laden with viruses.!” They are known as
‘droplet nuclei’. According to the ‘Guidelines for the

Physical Barrier Plus Aerosol Clearance- percentile change in count over
100%
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Figure 3: a) Experiment 5 — Combined effect (Clearance + barrier
effect) b) Experiment 6 — Exposure to HCW with back window open
(with FFU on and off)

classification and design of isolation rooms in health
care facilities’, the isolation rooms have been classified
into four subtypes: a) S Class — Standard room b) N
Class — Negative Pressure room c) P Class — Positive
pressure room and d) A Class — Alternating pressure
room.”!

SARS-CoV-2 has a proven aerosol transmission which
is more pronounced in closed spaces. Various devices
for limiting the aerosol exposure to HCWs have been
researched globally. Matava et al."” conducted an
experimental study using a single clear plastic drape
applied over the head and endotracheal tube and
simulated cough while extubating. It was demonstrated
that a single layer of plastic cover prevented the
aerosols and droplets from spraying, but using three
clear plastic sheets reduced the contamination to the
surroundings to a great extent. Low fidelity design
and use of large particle size were limitations of this
study. A barrier enclosure or ‘aerosol box’ made of
a transparent plastic cube that covers the patient’s
head with two circular ports for the clinician’s
hands to perform the airway procedure resulted in
contamination of only the inner surface of the box,
the gloves and the forearms of the person performing
laryngoscopy.['!! Venketeswaran et al.l'” compared the
time taken for intubation (TTI) with and without the
aerosol box and found no significant increase in time
difference in either scenario.

A Box for Aerosol and Droplet Guarding and
Evacuation in Respiratory Infection (BADGER) was
developed to contain the spread of droplets and aerosol

o B00MA05 10006 fmicn

e Bl
] 2200008 7.t

-
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Figure 4: Computational Fluid Dynamics (CFD) study: a) Velocity Profiles on Central Vertical Section b) Particle residence time distribution
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represents lowest value of residence time c) Mass flow distribution

particles. Quantitative and qualitative assessments
demonstrated the ability of BADGER to act as an
additional barrier for healthcare providers treating
patients suffering from COVID-19.1'*! The National
Institute for Occupational Safety and Health (NIOSH)
developed the Ventilated Headboard. This device
consists of a lightweight, sturdy and adjustable
frame made of aluminium with a retractable plastic
canopy." Gan CCR et al."¥ suggested the use of a
personal ventilation hood to be used as protective
equipment. It consists of a ventilation hood and a
suction pipe connected to a wall-mounted suction
unit, allowing airflow through the HEPA (filter.
Adir Y et al. developed a constant flow canopy to
reduce and eliminate exposure to aerosols by creating
a confined area surrounding the patient in which NIV
support can be safely used. The negative pressure
canopy minimised risk to HCWs while administering
NIV, continuous positive airway pressure or HFNC
to patients with SARS-CoV-2 infection.!"®! McGain F
etal."'designed asystem to quantify aerosol generation
from respiratory procedures and the effectiveness
of their elimination by a personal ventilation hood.
The use of a personal ventilation hood decreased
the aerosol counts by at least 98%. Seger CD et al.'®
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described a new personal containment device (PCD),
a suction-assisted aerosol containment chamber
with a torso drape and protective arm sleeves which
provides contact, droplet and aerosol isolation
while allowing intubation and cardiopulmonary
resuscitation (CPR). Bassin BS et al."” described a
negative pressure procedural tent. Air exiting the
tent passes through a HEPA filter and is then drawn
out via negative pressure created by a vacuum
motor prior to release into the room air. Shaw KM
et al.? described a custom-built intensive care unit
isolation hood to minimise contamination risk from
AGPs. Singh et al.?Y published a unique aerosol
containment device for use in the operation theatre.
The reduction of colony forming units (CFUs) by high
intensity HEPA filters can reduce the infectivity of the
aerosolised microbes. Our experiments were carried
out for extended time periods simulating real-life
situations and cough was simulated by filling the
cuff of an endotracheal tube with normal saline and
bursting it under extra pressure. The series of filters
present in the HEPA unit made the scavenging of
aerosols efficient even during continuous AGPs. We
were also able to demonstrate the coalescence effect
that resulted in the abrupt drop in the number of larger
particles when aerosol generation was continuing.
Manufacturing this device is indeed economical, the
cost of making a FFU is approximately INR 25,000
and a canopy unit costs INR 5000. One FFU can be
attached to three canopies in its present design. Thus,
the cost per bed is approximately INR 15,000. This
price includes the cost of research and development
which was self-financed. Our study is associated with
several limitations. Several confounding factors exist
during droplet spread studies, including temperature,
humidity and ambient air patterns. As already
researched, air temperature (within 20°C—40°C
range), reduced relative humidity and lower levels
of ultraviolet radiation were significantly associated
with increased levels of infective droplet nuclei.l**
Our experiments were carried out under a controlled
environment in a clean and quiet room, which may
not mimic the real-world environment of a patient
care setting where human traffic can generate its own
turbulence patterns. Mannequins were used in the
experiments and so the effect of patient breathing was
not factored in. The aerosol generator was a pneumatic
generator with oxygen flow at 10 L/min, which
delivered uncontrolled sizes of various aerosolised
particles. The actual flow of oxygen/air can go up
to 50-100 L/min while using NIV or HFNC. During
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these high aerosol producing manoeuvres, the aerosol
production would be correspondingly increased.

The FFU in the current study was tested with the fan
at speeds of 40 and 80 CFM. It was noticed that at
higher speeds, an increase in turbulence increased the
scavenging of aerosols substantially. In experimental
conditions, the FFU was able to operate at > 95%
efficiency, thereby, satisfying our study objective. The
canopy cover is disposable, in order to prevent cross
patient contamination. This device is not meant to
eliminate the causative airborne microbes but toreduce
the exposure to HCWs to infective aerosols which is
not only specific to SARS-CoV-2, but also to other
airborne transmitted diseases. It has the advantage
of being portable and easily deployable in general
wards and ad-hoc hospital setups during epidemics
due to aerosol transmitted diseases, when the existing
resources may be overwhelmed, as happened in the
current pandemic.

CONCLUSION

As demonstrated by the series of experiments, our
device reduced the aerosol load significantly and the
FFU restricted the aerosol particles which either got
adhered to the canopy walls or went into recirculation
inside the canopy. This device without any doubt
will reduce the noxious aerosol load in the indoor
environment and definitely aid in the management of
the sick building syndrome.
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Clinical Communication

A survey of paediatric
anaesthetic practice during the
COVID-19 pandemic in India

INTRODUCTION

From the beginning of the coronavirus disease
2019 (COVID-19), in December 2019, it has become
increasingly evident that children infected with
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) remain mostly asymptomatic or mildly
symptomatic. Inthe United States of America (USA) (till
April 2022), of the 12.9 million infected children, only
0.1-1.5% required hospitalisation, and less than 0.02%
had a fatal outcome,™ suggesting a greater resilience in
children as compared to adults (4-370 times higher).??!

Aerosol transmission, an established mode of spread
of the virus, makes anaesthesiologists, particularly
vulnerable. Further, long and intense hours of work,
increased apprehension, the constant fear of getting
infected coupled with the challenges of inadequate
resources and poor infrastructure makes the situation
more challenging. In the absence of guidelines from
India, it is imperative to develop protocols, to ensure the
safety of anaesthesiologists, in highly contagious work
environments. This study conducted by the Indian
Association of Paediatric Anaesthesiologists (IAPA)
looked at the impact of the first wave of COVID-19 on the
infrastructure, clinical practice and well-being among
practising paediatric anaesthesiologists across India.

METHODS

To conduct this cross-sectional survey, a questionnaire,
containing 66 semi-open questions on demographic
data, workplace information, experience, details of
COVID-19-related work, exposure, availability of
infrastructure and equipment, sterilisation protocols,
impact on teaching and training programmes and
psychological health was designed. It was validated
by a subset of IAPA members for transparency,
simplicity and applicability. Voluntary participation
in the survey was taken as implied consent. It was
disseminated digitally to 410 IAPA members using
Google Forms between 1 June 2020 and 5 November
2020. As an internal quality control measure, the
participants’ email addresses were audited to prevent
duplication. The data obtained from the responses
was tabulated, processed and analysed, confidentially
and anonymously.

RESULTS

Of the 166 responses (40% response rate) received,
4 were incomplete and were hence eliminated.
Respondents included consultants, teaching faculty,
senior residents and freelancing practitioners, mostly
females, aged 30-40 years; Majority were senior faculty,
and 29.6% provided exclusive paediatric anaesthesia
services [Table 1].

71.6% respondents worked in COVID-19 designated
hospitals, including 31.4% in intensive care units
(ICUs) and 41.9% in wards. Having received special

Table 1: Personal and workplace details of respondents

Question Number (n) of

respondents (%) Total n=162

Question

Number (n) of
respondents (%) Total n=162

Age (in years)

Currently working at

25-30 1 (0.62%)

30-40 71 (43.83%)

40-50 36 (22.22%)

50->60 38 (33.33%)
Gender

Male 66 (40.74%)

Female 96 (59.26%)

Current post

Teaching faculty 69 (42.59%)

Consultant 60 (37.03%)

Senior resident 22 (13.58%)

Freelancer 11 (6.79%)
Post-training experience

<5 years 25 (15.43%)

5-15 years 65 (40.12%)

>15 years 72 (44.44%)

Single facility
Multiple attachments
Place of work/Type of practice
Public hospital
Corporate hospital
Private practice- solo
Hospital capacity (number of beds)
<50-100
>100-300
>300

Primary population dealt

118 (72.84%)
44 (27.16%)

75 (46.30%)
51 (31.48%)
16 (9.88%)

26 (16.04%)
38 (23.45%)
94 (58.02%)

Adult 8 (4.94%)
Paediatric 48 (29.63%)
Mixed 106 (65.43%)

© 2022 Indian Journal of Anaesthesia | Published by Wolters Kluwer - Medknow
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training (70.9%), most (66.05%) were confident
working as front-line workers. A sharp decline
in paediatric surgeries was noted. From 60.4%
respondents doing >30 paediatric cases per week
prior to the pandemic, only 8% continued to do so
during the pandemic. On the other hand, while 3.7%
had reported <10 cases/week before the pandemic, the
percentage increased to 47.5% during the pandemic.

According to our survey, thermal screening
checks (88.2%) and reverse transcriptase—
polymerase chain reaction (RT-PCR) testing (74%)
were the commonest screening methods in hospitals.
Majority (69.7%) performed preoperative RT-PCR
testing for scheduled, paediatric surgeries. However,
fewer respondents subjected neonates for tests,
more often for elective (52.4%) than emergency
surgeries (17.2%). The turnaround time of RT-PCR
result (12-hour) also contributed to surgical delay as
reported by 67.1%. New workplace policies including
rotational shift duties (66.6%), post-exposure
quarantine (72.2%), for 7 to 14 days (76.2%) were
commonly reported. Few respondents also reported
exclusion of senior healthcare workers (HCWs)
(33.3%) and HCWs with comorbidities (31.4%), from
clinical duties. Around 48.77% respondents had
followed hydroxy chloroquine (HCQ) prophylaxis.
Personal protective equipment (PPE) was used almost
universally (>99%). Although they were freely
available in most operating rooms (ORs) (84%),
supplies were reported to be limited in preanaesthetic
clinics and non-operating room anaesthesia (NORA)
areas. Around 33.9% confirmed being watched over
by a trained observer, while donning and doffing
PPE.

Majority (88.2%) of respondents reported long
turnaround time (30 min-1 hour) in between surgeries.
The facility of negative pressure, neutral pressure,
10 or more fresh air exchanges per hour or active
scavenging systems in designated COVID-19 ORs
were confirmed by 29.6%, 31.4%, 45.6%, 30.2%
respondents, respectively. Mandatory switching
off of air conditioners both during induction and
extubation, despite hot conditions, was followed
by 54.3%. Adequate handwashing and disinfectant
hand rub facilities were usually available (83.9%
responses). Respondents reported curtailing the use of
their mobile phones, in COVID-19 OR, with 24.6% of
them never using, 12.3% rarely using and 11.1% using
them with a bluetooth or a hands-free device.

666

With respect to changes in paediatric anaesthetic
practices, 83% preferred intravenous (IV) over
inhalational induction, 83% preferred paediatric circle
system over Jackson Rees (JR) circuit, 76% preferred
use of video laryngoscopes, 77% performed rapid
sequence intubation (RSI), 72% preferred regional
anaesthesia (RA) over general anaesthesia (GA) and
42.5% preferred to change sodalime (after each case),
wherever feasible. Almost all respondents (99.3%)
used heat and moisture exchange (HME) filters in
breathing circuits; while 4.23% used one (between the
airway device and circuit), 53.4% used two (additional
one placed at end of expiratory circuit limb), 13.6%
used three, the next additional one placed at machine
end of inspiratory limb.

Respondents reported reusing face masks (63%),
supraglottic airway devices (49%) and breathing
circuits (46%), after washing with soap and water
and sterilising with either sodium hypochlorite
or glutaraldehyde solution. Surface disinfection
(workstations, monitors, etc.) was done using
alcohol-based solutions (37.6%) or with chlorhexidine
and alcohol (33.9%).

Among the surveyed respondents, of the 76.5% who
worked in hospitals with ongoing anaesthesiology
training programmes, 88.2% reported an adverse
impact of the pandemic.

Majority (86.4%) reported increased anxiety and
stress, the major concerns being the fear of getting
infected (75%), infecting family members (93%),
uncertain future (58%), social isolation (36%) and
income reduction (53%). A few reported increased
alcohol intake (4.9%) and anxiolytics (0.6%).

DISCUSSION

Our target population for this survey were members
of TAPA, anaesthesiologists with special training,
experience and interest in paediatric anaesthesia.
The assumption is that a widespread change in
practice is more likely to follow if led by specialist
anaesthesiologists. Also, since majority of these
respondents worked in designated COVID-19
hospitals, their practices represented the ground
reality of dealing with COVID-19 patients. The survey
response rate was 40% (of 410 IAPA members).

Our survey results confirm that new policies to
protect front-line HCWs were implemented when
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the pandemic hit India. It is reassuring to note
that adequate availability of PPE kits in ORs, and
supervision of proper donning and doffing of PPE
were in place. However, availability was limited in
some areas of the hospital, such as NORA. Rotational
shift duties ensured adequate off-duty time and
rest, and exemption of senior HCWs and HCW with
comorbidities from clinical duties, protected those
at higher risk. Half of the respondents had been on
prophylactic HCQ medication, though its usefulness is
now being questioned. HCW quarantine policies were
also in place to reduce chances of transmission and one
attendant/patient was mandated. Hospital screening
methods instituted, included thermal screening checks
and RT-PCR testing of inpatients (including children)
and attendants.

Studies from France, Australia, Singapore, the USA
and Canada, too, have described similar institutional
policies for containment of spread of the disease as
per their government directives.”® According to the
French Society of Anaesthesia and Intensive Care
Medicine guidelines, preoperative PCR screening
test was advocated, largely due to the asymptomatic
nature of paediatric infection. If detected positive,
the procedure was rescheduled 15 days later.®! An
Australianreview, while recognising the need torapidly
develop policies, with anaesthesiologists in the lead,
recognised simulation as an excellent teaching aid.™*! In
February 2020, Singapore instituted Disease Outbreak
Response System Condition (DORSCON) measures
to reduce transmission risk, by imposing restrictions
on visitors, cancelling elective surgeries (to free up
hospital beds and ORs), creating isolation wards and
defining workflow management.

Our survey confirms that elective surgeries saw a
sharp decline during the pandemic in India. Also,
anaesthesiologists modified anaesthesia techniques
to limit generation of aerosols and contamination
in COVID-19 patients. These included preference of
IV over inhalational induction, RA over GA (despite
practical limitations in small children), closed
anaesthetic breathing circuits over JR circuit,
employing RSI and video laryngoscopy wherever
possible. These also had economic and environmental
benefits. Designated COVID-19 ORs though available
to most, negative pressure ORs were available to only
a few. Surveyed respondents reported reuse of face
masks, supraglottic airway devices and anaesthetic
breathing circuits, though only after thorough washing
with soap and water and sterilisation.It is encouraging

Indian Journal of Anaesthesia | Volume 66 | Issue 9 | September 2022

to note that majority having received training and
faced day-to-day challenges with confidence.

Internationally, the management of paediatric patients
in the OR and ICU has been modified on similar
lines. The Singapore DORSCON Orange measures,
required all procedures for COVID patients, be done
in designated negative pressure ORs, with separate
access route, minimal equipment and personnel, while
ensuring availability of PPE, senior anaesthesiologists
for airway management, disposable equipment, RSI,
closed breathing systems, HME filters, closed in-line
tracheal suctioning, minimum circuit disconnections
and strict disinfection guidelines.?!

Our surveyed respondents confirmed negative impact
of COVID-19 on postgraduate training, both in skills
acquisition and academic teaching. Earlier studies,
have shown similar findings, despite an increase
in novel virtual teaching methods (online lectures,
tutorials, webinars, etc.) during the pandemic.”' Further,
limited resources, poor infrastructure and technical
difficulties serve as significant barriers to virtual
medical training.®!

The psychological impact of the
on anaesthesiologists is Surveyed
respondents experienced increased anxiety and
stress, due to demanding work, fear of getting and
transmitting infection to family members, social
isolation, uncertainty of the future and financial
worries. International studies too have shown a
considerable impact on psychological well-being of
front-line hospital staff, risk factors being underlying
organic illness, female gender and inadequate PPE
availability.®*'®  Adequate knowledge, personal
resilience, work recognition, support from the
healthcare team, society, community and from the
government are the factors identified by front-line
HCWs, which protected them from adverse mental
health outcomes."

pandemic
worrisome.

The low response rate (40%) is a limitation of this
survey. However, since majority of respondents
worked in COVID-19-designated urban hospitals
where the clinical impact of the pandemic was most
felt, the survey provides an insight into the hospital
preparedness in India, during the first COVID-19
wave. The survey was conducted at the time when
the population was not vaccinated and uncertainty
prevailed with regard to the disease process, and
its prevention (e.g., almost half the respondents
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were on hydroxychloroquine prophylaxis, no longer
recommended) and its management. A survey two
years into the pandemic, in current times and a better
response rate may produce different responses.

CONCLUSION

The COVID-19 pandemic brought about a paradigm
shift in the routine perioperative functioning of
anaesthesiologists with a decline in elective surgeries
and increased stress at the workplace. Despite the
uncertainties, paediatric anaesthesiologists across
India faced these challenges, maintained a positive
attitude, adapted and incorporated changes in their
anaesthetic practice. The results of the survey can
help set benchmarks for safe practices and motivate
fellow anaesthesiologists and HCWs to adapt their
practice according to their individual circumstances
and continue to create a supportive environment for
themselves and their co-workers. Anaesthesiologists
have certainly stepped up and brought the importance
of their role to the forefront.
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Clinical Communication

Harlequin syndrome as a
complication of epidural
anaesthesia in an infant: Do
adjunct medications play a role?

INTRODUCTION

Thoracic epidural catheters are commonly utilised
for paediatric patients to provide post-operative
analgesia.l'! Complications related to epidural catheter
placement are uncommon and rarely lead to significant
morbidity.®

Harlequin syndrome is a rare complication related to
blockade of facial sympathetic input that can occur
secondary to thoracic epidural anaesthesia.®! This
syndrome causes unilateral flushing, hyperhidrosis
and occasional ipsilateral pupillary miosis. This
generally resolves after cessation of local anaesthetic
infusion through the epidural catheter. Despite the
benign nature of this syndrome, the profound clinical
appearance can lead to distress for patients and their
families.

The risk factors for this phenomenon are unclear.
It is not known if the choice of local anaesthetic or
additive adjunct medications augments this risk. This
case highlights the observation of a medication-related
association not previously reported in the literature.
While reported in adults and older paediatric patients,
Harlequin syndrome as a complication of epidural
anaesthesia has not been previously reported in an
infant. It is unclear if the risk of this phenomenon is
lower in infants relative to older patients.

CASE DETAILS

A 12-month-old, otherwise healthy female, weighing
9 kg, presented for exploratory laparotomy, right
nephrectomy and tumour resection for a Wilm’s
tumor, via a large transverse abdominal incision above
the umbilicus. An epidural catheter was requested for
post-operative analgesia.

Following intravenous (IV) induction with 5 mg of
1% lidocaine, 20 mg of propofol, 12.5 ug of fentanyl
and 10 mg of rocuronium, the trachea was intubated.
An additional 20 gauge (G) IV catheter and 22 G
radial arterial line were placed. The patient was

then turned into right lateral decubitus for epidural
placement.

Utilising external landmarks, the T7-T8 interspace
was identified. Using a midline approach with a 5 cm,
19G Tuohy needle, loss of resistance was appreciated
at a depth of 2 cm. A 20G epidural catheter was
threaded to 6 cm at the skin. After a negative test dose,
the epidural catheter was secured and a 2 mL bolus of
0.1% ropivacaine was administered.

General anaesthesia was maintained with inhalational
sevoflurane. An infusion of plain 0.1% ropivacaine
was infused through the epidural catheter at a
rate of 3 mL/h for the duration of the procedure.
The patient received two separate 1 mL boluses of
0.1% ropivacaine for haemodynamic responses to
surgical stimulation. Total local anaesthetic dose
for the intraoperative time period was 8.8 mL of
0.1% ropivacaine (8.8 mg). In addition, the patient
received a total of 37.5 ug of fentanyl, 1 mg of
dexamethasone, 60 ug of hydromorphone and 135 mg
of acetaminophen, all administered via IV route. The
surgery was uncomplicated while the surgical time
was approximately 3 h. At the conclusion of surgery,
the patient was extubated awake without apparent
discomfort and was transported to the post-anaesthesia
care unit (PACU).

In the PACU, a new epidural solution of 0.1%
ropivacaine, 5 ug/mL of hydromorphone and
0.25 ug/mL of clonidine was started at a rate of 3 mL/h
which is a routine mixture for epidural infusions for
paediatric patients at our institution. Approximately
20 min after initiation of the new epidural medication
solution, the PACU nurse noted new marked left
unilateral facial flushing with an obvious midline
demarcation [Figure 1]. No other clinical changes were
noted, and the neurologic examination was otherwise
unremarkable. It was determined that the facial
flushing was likely Harlequin syndrome secondary
to thoracic sympathetic blockade from the epidural
catheter. The epidural infusion was paused, and
resolution of the facial flushing occurred 30 min later.
The epidural infusion, with additives, was restarted at
2 mL/h and no further facial flushing was reported for
the remainder of the patient’s hospital course.

DISCUSSION

The sympathetic outflow circuit relevant to head,
neck and upper extremity anatomy is described

© 2022 Indian Journal of Anaesthesia | Published by Wolters Kluwer - Medknow 669
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Figure 1: Patient with Harlequin syndrome with left-sided facial
flushings

as a 3-neuron chain. The first neurons in the
hypothalamus send connections that terminate
in the intermediolateral cell column of the spinal
cord at the upper thoracic level.**! Projections from
the spinal cord follow the ventral spinal root, exit
as white rami communicantes and travel with the
sympathetic trunk to connect in the superior cervical
ganglion. Preganglionic vasomotor and sudomotor
connections exit at T3 and T2, respectively. The
third order of this chain, stem from postganglionic
neurons in the rostral and caudal end of the superior
cervical ganglion.

The pathophysiology of Harlequin syndrome is
thought to arise from disruption of T2-T3 sympathetic
vasodilator and sudomotor facial innervation
[Figure 2].%' The distinguishing clinical feature of
unilateral facial flushing is thought to arise from
sympathetic ~ dysfunction of thermoregulatory
vasodilation contralateral to the disrupted sympathetic
chain.®”! The neurologically disrupted side exhibits
pallor and anhidrosis while the intact side appears
flushed which is thought to be an exaggerated release
phenomenon as compensation for loss of sweating and
flushing on the contralateral side.

Harlequin syndrome has both idiopathic and
iatrogenic aetiologies. Some reports describe a clearly
identified unilateral structural disruption in the
sympathetic chain, such as secondary to a tumour or
surgical trauma. In the absence of a clear unilateral
structural abnormality, it is unclear why epidural
analgesia would cause wunilateral sympathetic

670

blockade that would lead to Harlequin syndrome,
albeit it is well-known that medication spread within
the epidural space can be variable and dependent
upon numerous physiologic and anatomical
factors. Harlequin syndrome secondary to regional
anaesthesia is benign and resolves with cessation
of local anaesthetic action. There are no reports of
regional anaesthetic techniques leading to chronic
Harlequin syndrome.

Given that this is a rare complication of epidural
anaesthesia, the risk factors are unclear. The onset of
Harlequin syndrome in our patient was not observed
until after the initiation of a local anaesthetic solution
containing clonidine and hydromorphone. The
patient did not receive any bolus of medication via the
epidural route in the immediate time period prior to
the onset of symptoms that could possibly explain our
observations. Harlequin syndrome has been reported
to result after neuraxial anaesthesia with both plain
local anaesthetic as well as local anaesthetic solutions
containing adjunct medications.’! While there does
not appear to be any evidence that epidural adjunct
medications increase the risk of Harlequin syndrome,
the temporal relationship between the onset of
symptoms in this patient and the addition of clonidine
and hydromorphone to the epidural infusion leads
to the speculation that these additive adjunct
medications played a role in the development of this
clinical phenomenon. The mechanism of action of
adjunct medications utilised for neuraxial and regional
anaesthesia is dependent upon the class of medication
utilised.” It is reasonable to hypothesise that these
adjunct medications could also work with local
anaesthetics to exert an additive and complementary
action on facial vasodilator and sudomotor neural
pathways.

While initially distressed about their child’s
appearance, the patient’s parents were provided
reassurance regarding the benign aetiology and
clinical course of this rare complication. Given that
the infant was experiencing excellent analgesia, the
parents elected to continue the epidural infusion for
advanced post-operative pain control.

CONCLUSION

The development of Harlequin syndrome can be
dramatic and upsetting to patients and family members.
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Figure 2: Schematic diagrams depicting the anatomy and possible lesion sites of the cervico-thoracic sympathetic chain leading to Horner’s and
Harlequin syndromes. A lesion below the level of T1 (a) may cause Harlequin syndrome, but is unlikely to cause Horner’'s syndrome. A lesion
proximal to the stellate ganglion (b) is likely to give upper limb and facial symptoms. Lesions distal to the stellate ganglion and proximal to the
superior cervical ganglion (c and d) can cause concurrent Harlequin and Horner’s facial symptoms without symptoms in the upper limb. A lesion
around the internal carotid (e) is likely to disrupt the oculosympathetic supply. (Reproduced with permission from Elsevier)!®!

It is important to educate patients, family and nursing
staff regarding the aetiology and benign course of this
syndrome. This case highlights the possible synergistic
role that epidural additive medications may play in
the development of Harlequin syndrome. Decreasing
the infusion rate or temporarily stopping the infusion
will lead to the resolution of facial flushing.
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Patient blood management in a
paediatric patient - A success
story

Sir,

A 12-year-old girl weighing 35 kg was posted for
scoliosis deformity correction. Her Cobb’s angle was
80° and her surgical plan was a D,-S, instrumentation
and fusion. Her preoperative haemoglobin (Hb) was
8.8 gm/dL. As major blood loss was anticipated during
the surgery, the surgery was deferred for 1 month to
correct her anaemia. She was evaluated and diagnosed
to have iron deficiency anaemia and was started on
oral iron therapy. One month later, her Hb level rose to
13.2 gm/dL and she was then taken up for surgery. We
followed patient blood management (PBM) strategies
in this patient, and these included preoperative
correction of iron deficiency anaemia, intraoperative
and postoperative administration of tranexamic
acid, acute normovolemic haemodilution (ANH),
intraoperative cell salvage (ICS), and restrictive
transfusion strategies. Our plan of anaesthetic
management was general anaesthesia with total
intravenous anaesthesia (TIVA) for maintenance.
Under standard monitoring, she was induced with
titrated boluses of intravenous fentanyl and propofol
and intubated under atracurium. A central line was
placed in the right subclavian vein and arterial line
placed in the left radial artery. A Hb level of 10 gm/dL
was targeted and a calculated volume of 550 ml blood
was harvested. She was monitored intensively
during the collection time. The collected volume was
replaced with crystalloids. After phlebotomy was
completed, all inhalational agents were stopped and
TIVA with propofol, dexmedetomidine, and ketamine
was initiated and was guided by bispectral index
monitoring. Intravenous tranexamic acid was given in
a bolus of 20 mg/kg and the infusion was maintained
at 5 mg/kg/h. Intraoperative cell salvage was done
using the CATS Plus (Fresenius Kabi®) cell saver
machine and a volume of 260 ml of red blood cells
was salvaged. The haematocrit of the salvaged blood
was 65%. Intraoperative blood loss was 1800 mL. The
preoperatively collected blood and salvaged red cells
were transfused slowly in tandem once the major
part of the instrumentation was over, followed by one
pint of fresh frozen plasma. One ampoule of calcium
gluconate was also administered. She remained

haemodynamically stable throughout surgery. After
completing all transfusions, her postoperative Hb was
10.5 gm/dL and coagulation parameters were normal.
She made an uneventful recovery and was discharged
on the fifth postoperative day.

Our report showcases the successful implementation
of the principles of PBM in a paediatric patient. Had
we taken her up for surgery at her initial Hb level of
8.8 gm/dL and with a loss of nearly 2 L intraoperatively,
she would have required multiple allogenic blood
transfusions. Preoperative screening and correction
of anaemia should be done in all cases associated
with major blood loss.["?! Restrictive transfusion
strategies have been shown to be safe in paediatric
patients of all age groups. Safety of ANH in paediatric
patients is well described.’! The major concerns
include the possibility of haemodynamic instability
during ANH and the cost and resources required for
ICS. Although PBM is well established in adults, the
evidence in paediatric patients is still inadequate.
The guidelines published by the Society for the
Advancement of Blood Management recommend
PBM in paediatric patients.! PBM is gaining more
importance in this era of the pandemic that is
witnessing a severe shortage of blood products.® The
pandemic has also affected the implementation of
evidence-based medicine.!® Nevertheless, we should
adopt age-appropriate evidence-based PBM strategies
in our routine perioperative management of paediatric
patients.
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Foot drop - An unusual
complication of epidural
anaesthesia in a child

Sir,

A 14-year-old, hearing impaired boy, whose weight
was 37 kg, presented to the orthopaedic department
with the complaint of left lower limb deformity since
birth. A diagnosis of congenital talipes equinovarus
of left foot was made. The right foot was normal. He
was scheduled for a closing wedge osteotomy. He
had undergone uneventful anaesthesia for cochlear
implant surgery at the age of 3 years. The rest of
his pre-anaesthetic evaluation was normal. General
anaesthesia along with insertion of epidural catheter
for perioperative analgesia was planned. General
anaesthesia was induced with injection fentanyl 80 pg
plus injection propofol 50 mg given intravenously.
An i-gel size 3 was then inserted and anaesthesia
was maintained using oxygen in air and sevoflurane.
Under anaesthesia, a 20 G Tuohy needle was inserted
at L3-L4 level in the lateral decubitus position in a
single attempt with all asepsis (2% chlorhexidine
with 70% alcohol). After confirmation of loss of
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resistance (using air), the epidural catheter was
inserted in a single attempt and fixed at 7 cm from
the skin (2.5 cm was depth of epidural from skin and
4.5 cm was left in situ). After a negative test dose, 3 ml
of injection bupivacaine (0.25%) was given through
the epidural catheter, followed by a bupivacaine
infusion (0.125%) at the rate of 5 ml per hour. The
surgery was conducted in the supine position, was
uneventful, and lasted about 90 min. After the patient
regained consciousness, the i-gel was removed. The
patient was comfortable with no pain at the surgical
site. The next morning, he complained of numbness in
his contralateral (right) foot. There was some sensory
deficit, but the patient was responsive to pain and no
motor deficit was present. The epidural infusion was
stopped and the catheter was removed. However, the
motor power started reducing gradually in the limb,
the ankle jerk was absent, and the patient developed a
foot drop after 48 h.

Magnetic resonance imaging of the spine could not
be done as the child had a cochlear implant in situ.
Neurology consultation was done and later, nerve
conduction studies were done. The nerve conduction
studies showed abnormalities in both tibial as well
as common peroneal nerves suggesting involvement
at the level of the nerve roots or lumbar plexus. The
patient was managed conservatively with steroids
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and physiotherapy. He made a gradual recovery
during the next 6 months. The motor power recovered
completely in the lower limb but he still had occasional
paraesthesiae in the calf and shin area.

Foot drop is a well-recognised, although uncommon
complication  of  spinal This
complication is rarer still with epidural anaesthesia.®
Interestingly, we found just a single report of foot drop
as a complication of epidural anaesthesia in the
paediatric age group.®! A large cohort study of 339
epidural catheters in children did not report even
a single case of foot drop."*! The proposed causes of
nerve injury in epidural anaesthesia are direct trauma
to the nerve roots or spinal cord by the needle or
catheter, spinal cord infarction, spinal haematoma,
chemical arachnoiditis, and inadvertent subarachnoid
injection.® In our case, the likely possibilities included
an epidural haematoma and direct damage to the nerve
roots by the catheter. The risk of direct injury is greater
if the bevel of the needle is transverse to the nerve
fibre. The development of paraesthesiae on advancing
the needle or catheter is an indication of nerve root
impingement but is not helpful when epidural
anaesthesia is combined with general anaesthesia as
is usual in children.

anaesthesia.!

Although central block can cause foot drop by affecting
the nerve roots, peroneal nerve injury because of the
intraoperative tourniquet or direct pressure during
prolonged urological surgeries may be misinterpreted
as foot drop caused by epidural anaesthesia.l® In these
circumstances, nerve conduction studies would help
to pinpoint the diagnosis.

Awareness regarding this
epidural anaesthesia in children will be useful for
anaesthesiologists dealing with both paediatric and
adult cases.

rare consequence of
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Anaesthesia management of a
child with Charcot-Marie-Tooth
disease for orthopaedic surgery

Sir,

Charcot-Marie-Tooth (CMT) disease is the most
common inherited neuromuscular disorder with
an incidence of 10-40 in 100,000 worldwide. It is
characterised by progressive muscle atrophy, motor and
sensory neuropathy. The patterns of genetic inheritance
are autosomal dominant (most commonly), X-linked
and autosomal recessive. The disorder is typically
associated with progressive distal muscle weakness
with hyporeflexia or areflexia. There are some concerns
about anaesthesia management in these patients such as
positioning for surgery and anaesthesia (due to sensory
deficits and limb deformities) and using certain drugs,
especially neuromuscular blockers. There are also pros
and cons about using inhaled anaesthetics (triggering
malignant hyperthermia) in these patients."® The
anaesthesia management in these patients and its
impact on the underlying disease is a challenge for the
anaesthesiologists.

An 11-year-old girl (weighing 36 kg) and diagnosed
with CMT was admitted to our orthopaedic centre for
the correction of right foot deformity. Her signs and
symptoms included weakness in her legs, ankles and
feet, frequent tripping and falling (chief complaint),
decreased ability to run and equinovarus. She had
a history of surgery for the correction of left foot
deformity in another hospital four months ago. She
was posted for the correction of right foot deformity
[Figure 1]. The routine laboratory tests and brain
magnetic resonance imaging were normal. However,
the electromyography (EMG) showed severe motor
and sensory neuropathy. In the operating room,
after performing routine standard monitoring and
pre-oxygenation, midazolam 1 mg and fentanyl
1.5 ug/kg were injected intravenously. Anaesthesia
was induced with sodium thiopental 5 mg/kg and
atracurium 0.5 mg/kg. Anaesthesia was maintained
uneventfully with isoflurane 0.5-1.2% in oxygen and a
bolus dose of fentanyl (50 ug) and atracurium (6 mg).
The right foot deformity was corrected through a
150-min period. At the end of surgery, 0.75 mg of
atropine and 1.5 mg of neostigmine were administered
intravenously to reverse the neuromuscular block. She
was extubated and transferred to the recovery room
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Figure 1: Showing right foot deformity (talipes equinovarus) in Charcot—
Marie—Tooth disease and left foot after correction of the deformity

where she was given 15 mg pethidine intravenously
for her pain. Ultimately, she was transferred to the
orthopaedic ward after about an hour.

CMT is a progressive hereditary peripheral neurologic
disorder, and caused by a specific mutation in myelin
genes. It is usually classified into seven types and
multiple subtypes. CMT types 1 and 2 are the most
common types and CMT type 3 (Dejerine-Sottas
disease) is a very severe condition with an early onset
of hypotonia during infancy. The patients generally
experience slow and progressive distal muscle
weakness that may lead to frequent tripping and falls,
ankle sprains and talipes equinovarus. Although CMT
patients usually have normal life expectancy, it can
cause significant disability. Apart from Dejerine-Sottas
neuropathy which is sometimes fatal in infancy, the
age of onset usually is below 20 years in other types.
Some anaesthetic considerations for CMT include
surgical positioning, cardiac, respiratory and vocal
cord dysfunction, malignant hyperthermia and
hyperkalemia associated with the use of succinylcholine
and  prolonged action of  non-depolarised
neuromuscular blockers. In patients of advanced
age, such abnormal lung functions are exaggerated
due to spine deformity (scoliosis or kyphoscoliosis).
The respiratory problems can occur with repeated
administration of neuromuscular blocking agents;
hence neuromuscular monitoring is needed for this
condition."*”! Unfortunately, in our hospital, this
valuable monitor was not available. Currently, there
is no evidence to recommend specific anaesthesia
management in these patients. Concerns about the
use of nitrous oxide (neurotoxicity from inhibition of
methionine synthases), inhalation agents (triggering
malignant hyperthermia) and neuromuscular blocking
agents have been expressed in case reports.?
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In our patient, the patient’s parents rejected the use of
regional anaesthesia, and there were some restrictions
on the use of certain medications and monitors due
to our country’s sanctions. Nevertheless, the patient
successfully underwent general anaesthesia with
isoflurane and atracurium.
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A hidden danger of delivering
hypoxic gas mixture during low
flow anaesthesia in modern
anaesthesia machine

Sir,

One of the primary goals of the safe practice of
anaesthesia is the prevention of delivery of a hypoxic
gas mixture to the patient. To achieve this, numerous
safety features have been added to the anaesthesia
workstation during several decades.!! Despite these
safety measures, the delivery of a hypoxic gas mixture
cannot be completely eradicated. Low flow anaesthesia
(LFA) has economic and ecological benefits along with
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physiological advantages, such as preserved heat and
humidity and improved mucociliary function.®

We share our observation of a potential chance of the
delivery of a hypoxic gas mixture occurring during LFA
using a modern digitalised anaesthesia workstation
Datex Ohmeda Aisys CS? machine, General Electric
Company (GE Healthcare), Madison, United States
of America. During the conduct of LFA, when fresh
gas flow (FGF) was decreased to 0.3 L/min, with a set
fraction of inspired oxygen (FiO,) of 30%, the FiO,
delivered to the patient dropped drastically less than
the recommended safety levels to an FiO, of 20% and
end tidal oxygen of 16% [Figure 1la]. Immediately,
the set FiO, was increased to 100% to avoid hypoxia
and desaturation. The minimum metabolic oxygen
need under general anaesthesia is more or less than 1
metabolic equivalents score, i.e., around 0.25 L/min."!
During LFA, at least this minimum amount of oxygen
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Figure 1: (a) Total fresh gas flow set at 0.3L/min with FiO,of 0.3
leading to delivery of hypoxic gas mixture. (b) The safety feature in GE
Datex-Ohmeda Aisys CS? machine during metabolic flow anaesthesia
is changing FiO,to 1 when fresh gas flows reduced to 0.25L/min

has to be added to the circuit as FGF along with other
gases to meet the metabolic needs of the patient. If
not, there is a dangerous risk of delivery of a hypoxic
gas mixture to the patient. One of the safety features
incorporated in the GE Datex-Ohmeda Aisys CS?
machine for the delivery of metabolic flow anaesthesia
is that the minimum total FGF can only be set to
0.25 L/min. If the FGF is decreased to 0.25 L/min, the
machine will automatically change the FiO, to 1.0,
so that the minimum metabolic need of the patient
is met [Figure 1b]. However, the same feature is not
incorporated with flows more than 0.25-1 L/min, where
the machine allows to reduce FiO, up to 0.25. If the total
FGF is set at 0.3 L/min and FiO, at 0.25, the oxygen
delivery per minute will be 75 mL/min (25% of 300 mL/
min), which is far lower than the metabolic need of
the patient under anaesthesia. Over time, there is a
dangerous risk of delivery of a hypoxic gas mixture
because the consumption of oxygen is more than the
delivery of fresh oxygen in a closed circuit. Although
it is argued that a trained anaesthesiologist is the best
monitor during the conduct of anaesthesia, this hidden
probability of delivery of a hypoxic gas mixture has to be
prevented. Ideally, modern anaesthesia machines should
be programmed to maintain a safe FiO, in such a way
that minimum 250 mL/min of oxygen is being delivered
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to the patient irrespective of the set flows. Otherwise,
this can lead to inadvertent delivery of a hypoxic gas
mixture to the patients during LFA, particularly in the
hands of inexperienced anaesthesiologists and trainees.
Thus, we suggest that this safety feature should be
added to all digitalised modern workstations to prevent
the occurrence of hypoxia during anaesthesia and make
the conduct of LFA a safer practice.
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Letters to Editor

Anaesthetic management of
a parturient presenting with
suspected oxytocin allergy

Sir,

Oxytocin is a rare cause of anaphylaxis during
pregnancy and few reports of such anaphylaxis have
been reported. But there have been no reports of the
management of women with documented or suspected
oxytocin allergy presenting for subsequent deliveries. It
remains unclear whether oxytocin primarily triggers an
allergic response or it complements the antigenicity of
another antigen, such as latex. Considerable homology
in the protein sequences between oxytocin and latex
antigens has been reported.! The primary concerns
include the avoidance of anaphylactic reactions and
the control of uterine tone while avoiding oxytocin
that remains the primary uterotonic agent. We report
the anaesthetic management of a second gravida with
history of anaphylaxis to oxytocin, who presented for
elective caesarean section at term gestation. Through
this report, we highlight the management of parturients
presenting with known or suspected oxytocin allergy
presenting for subsequent pregnancies. Avoidance of
oxytocin in such cases along with the judicious use of
other uterotonics will help improve both the maternal
and foetal outcomes.

A 33-year-old second gravida with previous caesarean
section presented at 37 + 3 weeks of gestation for
elective caesarean section. She was a known case of
chronic urticaria on treatment with anti-histaminics.
Her past antenatal history was significant for
anaphylactic shock and angiooedema immediately
following oxytocin infusion. A putative diagnosis
of oxytocin allergy was made and managed with
intravenous hydrocortisone and adrenaline. She was
intubated and mechanically ventilated and was later
taken up for emergency caesarean section because of
foetal distress, elsewhere. Further diagnostic details
were not available from her past medical records. Two
years later, she presented to our institute for elective
caesarean section and considering her term gestation,
we decided to postpone the work-up for allergy after
the delivery. Her history was noted from her previous
records and it was decided to avoid oxytocin and
latex-containing equipment and gloves. Chlorhexidine
and B-lactam antibiotics were also avoided because the

Indian Journal of Anaesthesia | Volume 66 | Issue 9 | September 2022

exact cause of anaphylaxis in the previous pregnancy
could not be conclusively determined. She received
100 mg intravenous hydrocortisone® before the
procedure and her bladder was catheterised with a
silicone catheter. Spinal anaesthesia was given with
1.8 mL of hyperbaric bupivacaine. Following delivery,
0.2 mg methylergometrine diluted to 10 mL was slowly
administered intravenously. Her vital parameters were
stable and there was no uterine atony throughout
the procedure. On the second postoperative day,
intradermal test with 1:100 dilution of oxytocin was
performed and no reaction was noted. She was advised
to undergo patch testing for latex and oxytocin, but
she was lost to follow-up.

The potential for cross-reactivity between latex and
oxytocin makes it prudent to avoid latex-containing
products in women with oxytocin allergy.”! Steroid
administration can reduce the risk of severe allergic
reactions. The use of alternative uterotonics and
preparedness for the aggressive management of atony
is a cornerstone in the management of such patients.
Avoidance of other drugs commonly implicated in
anaphylaxis would be beneficial, especially when the
exact trigger remains unknown. Thus, in the setting
of a probable anaphylactic reaction following oxytocin
administration, avoidance of both oxytocin and latex
and the appropriate use of alternative uterotonics!¥
with careful monitoring will significantly improve the
maternal and foetal outcomes.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

Vijayanthi Vijayan, Adethen Gunasekaran, Mohan VK
Department of Anaesthesiology and Critical Care, Jawaharlal Institute
of Postgraduate Medical Education and Research, Puducherry, India

Address for correspondence:

Dr. Vijayanthi Vijayan,

No. 70, Jothi Nagar Extension, Opposite RT Office, Mudaliyarpet,
Puducherry - 605 004, India.

E-mail: everenchantingveena @ gmail.com

Submitted: 18-Jan-2022
Revised: 08-Jul-2022
Accepted: 03-Sep-2022
Published: ***

REFERENCES

1.  Ogata J, Minami K. Synthetic oxytocin and latex allergy.
BJA2007;98:845-6.
2. Grover VK, Babu R, Bedi SPS. Steroid therapy - current

679

Page no. 69



Letters to Editor

indications in practice. Indian J Anaesth 2007;51:389-93.

3. Liccardi G, Bilo MB, Mauro C, Salzillo A, Piccolo A,
D’Amato M, et al. Oxytocin: An unexpected risk for cardiologic
and broncho-obstructive effects, and allergic reactions in
susceptible delivering women. Multidiscip Respir Med
2013;8:67.

4, Trikha A, Singh, PM. Management of major obstetric
haemorrhage. Indian ] Anaesth 2018;62:698-703.

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

Internal system failure of

Drager Primus anaesthesia
workstation because of inefficient
humidification inside the
operating room

Sir,

The anaesthesia machine has most often been
involved in equipment-related morbidity," and
this has led to the extensive use of preoperative
checklists. Technical problems with the anaesthesia
workstation are often reported.” The American
Society of Anesthesiologists (ASA) has developed
pre-anaesthesia checkout guidelines and these are
widely accepted to be important components of safe
anaesthesia practice. Incorporation of safety features in
anaesthesia machines and ensuring a proper check-up
of the machine is done before its use on a patient.?

Wereport acritical incident related to the Drager Primus
anaesthesia workstation (Drager Medical GmbH,
Liibeck, Germany) that took place despite a complete
machine check as recommended by the Association
of Anaesthetists of Great Britain and Ireland.®*! We
describe this critical incident in a 28 years old
ASA-1 female patient undergoing laparoscopic right
nephrectomy under general anaesthesia. As a part of
the routine protocol, the anaesthesia machine passed
the daily checks through the electronic system self-test,
and the breathing circuits were checked for any
leaks. Following uneventful pre-oxygenation, general
anaesthesia was induced as per standard protocol. After
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the start of surgery, the air conditioning system of the
operating room (OR) became non-functional because
of some technical issues and the humidity started
to increase. Approximately 1 h after the incision,
a sudden failure of the ventilator occurred. The
anaesthesia workstation displayed ‘internal/system
fault, the device cannot be used, ventilator failure, and
manual ventilation available only’ [Figure 1]. No prior
warning/safety alarm was activated. We immediately
connected the co-axial Bain circuit to the auxiliary
flow meter of the anaesthetic machine and initiated
manual ventilation. We then checked all other
possible causes of anaesthesia machine failure along
with medical gas pipeline system misconnections. We
replaced this non-functional workstation with another
one and the surgery was completed uneventfully and
the patient was shifted to recovery.

On literature search, about 15% of anaesthetic
equipment failure is reported even after successfully
passing the self-checks.!. However, in our case,
the reason for this internal system error was very
uncommon. The Drager Company personnel on
enquiry stated that the presence of moisture inside
the display printed circuit board (PCB) called
printed board assembly Mobi 4 [PBA Mobi-4] might
have been a possible reason for this machine failure
leading to an internal system error. Machine failure
because of humidity is an uncommon occurrence. On
literature search, only one case is reported in which
abnormally high humidity in the OR caused moisture
condensation in the alarm panel that resulted in
an electronic short circuit.®! The Drager Primus
anaesthesia workstation is designed to work at a
temperature of 15-40°C and humidity of 25-85%. In
India, the temperature and humidity increase during
summers. At the time of failure of the workstation,
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Figure 1: Draeger Primus anaesthesia workstation display shows
internal system fault

the temperature and humidity of the OR were 32°C
and 85%, respectively. The anaesthesia workstation
manufacturer, Drager, should incorporate a warning
system to indicate increasing humidity in the PCB
and they should educate/warn the users of possible
failure in case of increasing humidity more than 85%.
The OR humidification should be routinely checked.
However, routine validation of systems such as
temperature, humidity check, air particulate count, air
change rate calculation, pressure differential levels of
the OR with respect to adjoining areas, and validation
of high-efficiency particulate arrestance filters should
be repeated after 6 months. Nevertheless, the National
Accreditation Board for Hospitals and Healthcare
Providers has recommended that periodic preventive
maintenance of the system must be carried out in
terms of cleaning of pre-filters, micro vee-filters, and
pocket filters at an interval of 15-30 days.!”!

To summarise, failure of the anaesthesia workstations
is possible and a good knowledge of the workstation
can help during these troublesome times.
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