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SUMMARY




Background: High Flow Nasal Cannula (HFNC) is an increasingly used therapy in the
intensive care and emergency medicine settings that allows high flows and fractions of
inspired oxygen (FiO,) at a more physiological level of temperature and humidity. Studies
with Non-Invasive Ventilation (NIV) have found that the ventilation volume distributes
between lungs and stomach depending on respiratory system resistance and lower esophageal
sphincter pressure leading to gastric distension. With the provision of small continuous CPAP
effect, HFNC also carries theoretical risk of gastric distension. Our hypothesis was that the
use of HFNC in adult patients admitted in ICU would produce air leak in gastric antrum

leading to gastric distention.

Methods: We conducted a prospective observational study in a time-span of 1 year to detect
gastric insufflation with the help of ultrasonography in patients admitted in the adult intensive
care unit at AIIMS Jodhpur receiving oxygen therapy using HFNC. A convenient sampling
strategy was used and once the patient was enrolled for study, his/her basal gastric volume
and the average number of peristaltic contractions of the stomach in one minute was
measured using ultrasonography. Following this, HFNC therapy was started and once the
patient was stabilised by the treating intensivist, the flow and FiO, set were recorded. The
ABG values which include PaO,, PaCO,, PaO,/Fi0,, Sa0, at this FiO, were recorded. A 2nd,
3" and 4™ ultrasound scan was done respectively at 10, 20 and 30 minutes after the start of
HENC therapy for looking for air leaks into the stomach and any change in gastric volume.
At 10 mins, the average number of peristaltic contractions of the stomach were observed and
recorded over one minute. The new vitals and ABG values were recorded after 30 min of
start of HFNC therapy. The comfort of the patients on HFENC therapy, the total duration of

HENC application and its outcome were also recorded.

Results

The Antero-Posterior Diameter (APD) at 20 and 30 min were significantly larger (p-value
0.045 and 0.003 respectively) compared to APD at 0 min while there was no significant
difference (p-value = 0.67) between APD at 0 min and 10 min. The Transverse Diameter
(TVD), Antral Cross-sectional Area (ACSA), Gastric Volume (GV) at 10, 20 and 30 min
were significantly larger (p-value <0.0001, <0.0001 and <0.0001 respectively) compared to
their measurements obtained at O min. The percentage of patients with gastric volume more
than 0.8 ml/kg, considered as “at risk stomach” increased from 21% at 0 min to 59% at 30

min after application of HFNC.
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There was a significant positive correlation (r=0.541) (p=<0.0001) between HFNC flow and
increase in gastric volume. Significantly higher numbers of patients had air leak at 10 min (p-
value=0.001), 20 min (p-value<0.0001) and at 30 min (p-value<0.0001) compared with air
leak at O min. There was a significant increase in the number of peristaltic contractions at 10
mins after initiation of HFNC which supported the above findings. There was a significant
increase in the SpO; (p value-<0.0001) and a significant decrease in the RR (p value<0.0001)
from baseline (0 min) was observed at 30 mins after initiation of HFNC. Keeping FiO,
constant throughout the study, there was a significant increase in the PaO, (p value<0.0001),
PF-ratio (p value<0.0001), SaO; (p value<0.0001) and a significant decrease in the PaCO; (p
value<(0.0001) from the baseline (Omin) at 30 mins after application of HFNC. The comfort
levels of 35 patients (46.1%) of the study population was good while 34 patients (44.7%) had
a fair level of comfort and only 7 patients (9.2%) were uncomfortable with HENC therapy.

Conclusion
The use of HFNC in adult patients admitted in our intensive care unit is associated with
gastric insufflation, which is detectable by ultrasound. The increase in flow of HFNC

produces more gastric distention.
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Oxygen is a commonly used drug to achieve a normal or near normal oxygen saturation in
acutely and chronically ill patients suffering from hypoxaemia. The target saturation for most
acutely ill patients must be set 94-98%. A patient specific target range or 88-92% must be set

for those at risk of hypercapnic respiratory failure.

Typically, oxygen is delivered either via low flow systems (eg. nasal cannulae or masks) or
via high flow systems (eg. Venturi masks, non-rebreathers). These conventional oxygen
delivery systems do not warm or humidify the inspired gas and do not deliver a reliable
fraction of inspired oxygen leading to poor tolerance when used for prolonged periods. The
difference between patient inspiratory flow and delivered flow is large in these systems. High
Flow Nasal Cannula (HFNC) is an increasingly used therapy that allows high flows and
fractions of inspired oxygen (FiO;) at a more physiological level of temperature and
humidity. Nowadays, it is increasingly used in the intensive care and emergency medicine
settings to manage patients with acute hypoxemic respiratory failure as well as to optimize

preoxygenation prior to intubation in patients with mild-to-moderate hypoxemia.

The mechanisms by which HFNC acts include small pliable nasal prongs which increases
comfort of patient, warming and humidification of secretions which facilitates expectoration,
washout of nasopharyngeal dead space that improves efficiency of ventilation, high flow
rates that helps in reliable delivery of FiO, and a small continuous positive airway pressure
(CPAP) effect. Only two parameters need to be set and they are (a) the flow rate and (b) the
FiO,. HENC is being increasingly used these days in patients with both acute and chronic
respiratory failure as a useful alternative to conventional oxygen therapy (COT) and other
non-invasive systems of respiratory support. (1, 2) Its other common uses include- as a
provision for intubation and extubation support, to treat and support postoperative respiratory
failure, to oxygenate tracheostomized patients who are weaning and to oxygenate hypoxemic

patients undergoing fiberoptic bronchoscopy. (3, 4)

Studies with Non-Invasive Ventilation (NIV) have found that the ventilation volume
distributes between lungs and stomach depending on respiratory system resistance and lower
esophageal sphincter pressure leading to gastric distension. (5) With the provision of small
continuous CPAP effect HFNC also carries theoretical risk of gastric distension. However, a
study done in healthy volunteers proved that the use of HFNC was not associated with
increased volume of gastric secretion during spontaneous ventilation. (6) These results can’t

be extrapolated to critically ill patients. A case report published in 2018 by Satoki Inoue et al,
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on a 2Imonth old baby with history of chronic lung disease showed critical abdominal
distension with abdominal compartment syndrome after application of HFNC at a flow rate
of 20L/min with FiO, of 0.35. (7) Therefore, studies are required to evaluate the effect of

HENC therapy on gastric distension.

There is increasing interest in the use of ultrasound to assess and guide the management of
critically ill patients. It is a readily available, non invasive, quick and reproducible point of
care equipment. Recently its use has been extended to evaluate the gastric antrum and several
studies have demonstrated gastric antrum measurement with the help of ultrasonography (8,

9, 10).

We planned an observational study to ultrasonographically evaluate gastric distension in
critically ill patients receiving HFNC therapy. We hypothesise that use of HFNC in adult
patients admitted in intensive care units could produce air leak in gastric antrum leading to

gastric distention.
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AIM:

The aim of this observational study was to detect gastric distension with the help of
ultrasonography in patients admitted to the adult intensive care unit and receiving oxygen

therapy using HFNC.

OBJECTIVES:

Primary Objective

To compare gastric volume at baseline (before HFNC application) with gastric volume at
predefined time intervals (10 min, 20 min and 30 min) after application of HFNC using

ultrasound.

Secondary Objectives

1. To compare anteroposterior diameter (APD), transverse diameter (TVD) and cross-
sectional area (ACSA) of gastric antrum at baseline (before HFNC application) with
APD, TVD and ACSA of gastric antrum respectively at predefined time intervals (10
min, 20 min and 30 min) after application of HFNC using ultrasound.

2. To look for and find the incidence of “air leak™ defined by qualitative ultrasound as a
distended antrum with air content that blurs the posterior gastric wall at predefined time
intervals (10 min, 20 min and 30 min) after application of HFNC and compare with
baseline using ultrasound.

3. To compare peristaltic contraction of gastric antrum at baseline with peristaltic
contraction at 10 min, as a surrogate marker for gastric insufflation.

4. To find the correlation between flow rates and gastric distension.

5. To observe the effect of HFNC on Vitals (heart rate, blood pressure, respiratory rate,
Sp0O,), ABG parameters (PaCO,, PaO,, PaO,/FiO,, Sa0,), patient comfort and therapy

outcome.
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High flow nasal cannula in Hypoxemic ARF patients

HFNC is an innovative technique that overcomes the patient's spontaneous inspiratory flow
and gives heated humidification with effects like pharyngeal dead-space washout, decrease in
airway resistance, positive end-expiratory pressure and no dilution of FiO,. It consists of a
flow generator which produces gas flow up to 60 L/min, an air-oxygen blender which can

provide FiO; up to 100, a humidifier and a nasal cannula.

Indications for using HFNC include different types of ARF (post-operative, post-extubation,

palliative care) and in invasive technical procedures like bronchial fibroscopy.

Heated Wire

: | o
M Qwygen Blencer Breathing Circuit

"% < I I > Support Arm

Respiratory Humidifier <----64

> Nasal Cannula

Wheel with Brake <---- x | B0

Figure 1: Basic components of HFNC

Sztrymf B et al (2011) conducted a pilot prospective monocentric study to evaluate safety and
outcome of HFNC in ICU patients with Acute Respiratory Failure. 38 patients were included
and it was found that HFNC significantly reduced RR, HR, dyspnoeic score, supraclavicular
retraction and thoracoabdominal asynchrony and increased pulse oximetry as early as 15
minutes after beginning of HFNC. PaO, and PaO,/FiO, increased significantly after 1 hour of
HFNC in comparison with baseline. (11)
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Parke R et al (2011) conducted a prospective Randomised Control Trial to assess
effectiveness of nasal HFNC in ICU patients. 60 patients with mild to moderate respiratory
failure were randomised to receive nasal high flow (NHF) oxygen therapy or standard high
flow face mask (HFFM). On analysis of success of allocated therapy, significantly more NHF
patients succeeded their allocated therapy(p=.006). The rate of NIV in the NHF group was
10% compared with 30 % of the HFFM group(p=.10). NHF patients also had significantly
fewer desaturation. (p=.009). They concluded that NHF oxygen therapy may be more

effective than HFFM in treating mild to moderate hypoxemic respiratory failure. (12)

Domenico Luca Grieco et al (2019) conducted a randomized cross-over trial to do a
physiological comparison of HFNC and helmet NIV in hypoxemic patients. 15 hypoxemic
patients with PaO,/Fi0,<200 mmHg received helmet NIV (PEEP>10cm H,O, pressure
support= 10-15 cm H,0) and HFNC (50L/min) and their arterial blood gases, dyspnoea and
comfort were recorded. Inspiratory effort was estimated by esophageal pressure (PES)
swings. PES simplified pressure-time product and transpulmonary pressure swings were
measured. As compared to HFNC, helmet NIV increased PaO,/FiO,, lowered inspiratory
effort, reduced respiratory rate, PES simplified pressure time product and dyspnoea without
affecting PaCO, and comfort. Patients exhibiting lower inspiratory effort on HFNC
experienced increases in transpulmonary pressure swings with helmet NIV and was further
associated with subsequent need for intubation. They concluded that helmet NIV improves
oxygenation, reduces dyspnoea, inspiratory effort and simplified pressure time product, with

similar transpulmonary pressure swings, PaCO, and comfort. (13)

Andrea Vianello et al (2020) conducted an observational study to assess the outcome and
safety of O, -therapy by high-flow nasal cannula (HFNC) in 28 consecutive patients with
severe hypoxemic acute respiratory failure consequent to SARS-CoV-2 infection,
unresponsive to conventional O, -therapy. 19 patients had a positive response. 9 patients
required escalation of treatment to non-invasive ventilation (5 subsequently intubated).
Severity of hypoxemia and C reactive protein level were correlated with HFNC failure. None
of the staff had a positive swab testing during the study period and the following 14 days.
They concluded that HFNC is a safe treatment for less severe patients with SARS-CoV-2

hypoxemic acute respiratory failure. (14)
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Other Uses of HFNC

HFNC is accepted as a means to provide oxygen to patients undergoing intubation, both

before (preoxygenation) and during the procedure (to prevent desaturation)

Samir Jaber et al conducted a randomised, controlled trial in patients admitted to ICU
between July 2015 and February 2016. Hypoxemic patients requiring orotracheal intubation
for respiratory failure were randomised to receive preoxygenation using HFNC (flow = 60
L/min, (Fi0;) = 100 %) combined with NIV (pressure support = 10 cmH,O, PEEP= 5
cmH,0, FiO, = 100 %) in the intervention group (25 patients) or NIV alone in the reference
group (24 patients) prior to intubation. The primary outcome was the lowest oxygen
saturation (SpO;) during the intubation procedure. Secondary outcomes were intubation-
related complications and ICU mortality. No patient in the intervention group and five
patients in the reference group had SPO, below 80 percent. There was no significant
difference between the groups in intubation-related complications or ICU mortality. Thus,
they concluded that adding HFNC for apnoeic oxygenation to NIV prior to orotracheal
intubation, may be more effective in reducing the severity of oxygen desaturation than the

reference method using NIV alone. (15)

Recent studies show that HFNC can also be used in patients with hypercapnic respiratory
failure, especially if they are non-compliant to NIV treatment

Rosa Di Mussi et al (2018) conducted a cross over study on 14moderate to severe COPD
patients admitted in ICU between December 2015 and December 2016 and required
mechanical ventilation for acute hypercapnic respiratory failure. Patients ready for
extubation, as assessed by treating clinician, were eligible for the study. After extubation,
each patient received two 1 hr periods of HFNC (HFNC1 and HFNC2) alternating with 1 hr
of conventional low flow oxygen therapy via face mask. The FiO, was titrated to achieve
arterial oxygen saturation of 88-92%. The electric activity of diaphragm (EAdi) was studied.
It increased from a mean of 15.4 to 23.6 microVolt switching from HFNCI to conventional
O, and then returned to 15.2 switching back to HFNC2. They concluded that HFNC as
compared with conventional oxygen therapy, significantly decreases neuro ventilatory drive
and work of breathing in COPD patients recovering from acute respiratory failure after a

planned extubation. (16)
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Aerophagia, nausea, vomiting and aspiration

The stomach may insufflate with inspiratory gas during non-invasive ventilation if the
pressures exceed 20-25cm H,O at lower esophageal sphincter. Due to multiple factors that
increase airway pressures like cough, dyssynchronous ventilation aerophagia can happen

even at lower set pressures.

Lionel Bouvet et al (2014) conducted a prospective, randomized, double blind study in which
67 patients were allotted to 4 groups based on pressure applied during controlled pressure
ventilation: 10,15,20,25 cm H,O. Propofol and remifentanil was given for anaesthesia and no
neuromuscular blockade was done. Once eyelash reflex was lost, face mask ventilation
started for 2 mins. Patient was then auscultated. The cross-sectional antral area was measured
before and after facemask ventilation and thus the gastric insufflation was studied. Results
showed statistically significant increase in incidences of gastric insufflation with inspiratory
pressure from 0% in group P10 to 41% in group P25 according to auscultation and from 19 to
59% according to USG. Statistically significant increase in antral area was obtained in group
P20 and P25 with insufficient lung ventilation in P10. Thus, they concluded that inspiratory
pressure of 15 was best as it showed proper lung ventilation with reduced occurrence of

gastric insufflation. (8)

No study till date has proven gastric insufflation with HFNC but an increase in mean

nasopharyngeal pressures with increase in flow has been noticed.

Elizabeth McLellan et al (2020) conducted a prospective, interventional assessor-blinded
study in 60 subjects to evaluate effect of HFNC on gastric content and gastric distension in
healthy fasted adult volunteers assessed by ultrasonography. 60 subjects were enrolled.
Primary outcome was the volume of gastric secretions and the secondary outcome was the
incidence of gastric insufflation and distribution of gastric antral grades. They concluded that
there was no evidence that treatment with HFNC at flow rate up to 70 L/min for 30 min
resulted in gastric distension or an increase in gastric secretions in healthy volunteers

breathing spontaneously. (6)

Sud et al conducted a blinded, non-randomised retrospective study to compare the gastric
volumes acquired immediately after intubation measured by computed tomography in two
series of adult patients undergoing percutaneous thermal ablation of liver cancer under

general anaesthesia: 50 received peri-intubation high flow nasal oxygen therapy and another
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50 received conventional facemask pre-oxygenation and ventilation before intubation.
Median gastric volume was 24 cm’ in the high flow nasal oxygen therapy group and 23.8cm’
in the facemask group. There was no difference in the volume of gastric gas measured by
computed tomography imaging between the two groups. They concluded that a small volume
of gas is commonly present after induction of anaesthesia, but that the use of peri intubation
high flow nasal oxygen therapy for preoxygenation and during apnoea does not increase this

volume compared with conventional facemask pre-oxygenation and ventilation. (9)

Parke RL et al (2011) conducted a prospective descriptive study in patients who were
scheduled for elective cardiac surgery in a tertiary care cardiothoracic and vascular ICU to
determine the relationship between flow and pressure with the Optiflow nasal high flow
oxygen therapy system. Measurements were performed with nasal flow oxygen at flows of
30, 40 and 50 L/min with patients' mouths both open and closed. They concluded that mean

nasopharyngeal pressure during nasal high flow oxygen increases as flow increases. (17)

A case report showing the need to consider HFNC as a positive pressure ventilation system

and that critical overdistension can occur by use of HFNC was published in 2018.

Satoki Inoue et al (2018) published a case report on a 21month old boy with a history of
chronic lung disease who was admitted in ICU. He had a history of upper respiratory
infection and fever for a couple of days. He gradually developed hypoxia (SPO,<90%) with
oxygen administration. His airway was immediately secured with a tracheal tube and
mechanical ventilation was started. After 5 days he was extubated and HFNC therapy was
started at 20L/min with an FiO; of 0.35. As the child developed severe stridor, a nasal airway
was placed in the left nostril. Following this, the child showed signs of distress and critical
abdominal distension was noted. A subsequent chest x-ray revealed the deep placement of
nasal airway and gastric insufflation due to this. The child also showed features of abdominal
compartment syndrome. Immediately, the nasal airway was removed and HFNC flow
reduced to 10 L/min. Frequent suctioning and continuous gastric drainage was done. By this,
they concluded that HFNC needs to be recognized as a positive pressure ventilation system

and that critical over-distension of the abdomen can occur by HFNC. (18)

10| Page



Ultrasonography and gastric antrum

Perlas A et al conducted a prospective observational study to examine the feasibility of using
bedside ultrasonography for assessing gastric content and volume. In pilot phase 1, 18
healthy volunteers were examined to assess gastric antrum, body and fundus in cross-section
in 5 prandial states. In phase 2, authors concentrated on ultrasonographic examination of
gastric antrum to see for correlation between antral cross-sectional area and gastric volume.
Results showed that gastric antrum provided the most reliable quantitative information for
gastric volume. Sonographic assessment of the body and antrum of stomach provides
qualitative information regarding the gastric content. They concluded that bedside

ultrasonography can be a useful medium for determining gastric content and volume. (10)

S R Hamada et al conducted a prospective cross-sectional study in 55 critically ill patients to
assess the feasibility and validity of ultrasonographic measurement of gastric antral cross-
sectional area to predict gastric volume (usCSA) and the use of computed tomography as a
reference to measure gastric volume. usCSA measurements were performed within the hour
preceding CT scan. Antral usCSA measurements were feasible in 95% of cases and were
positively correlated with gastric volume measured by CT scan when performed in “good”
conditions. There was good reproducibility of measurements and there was clinically
acceptable agreement between measurements performed by radiologists and intensivists.
They concluded that ultrasonographic measurement of the Antral Cross-sectional area is

feasible and reliable in the majority of critically ill patients. (19)

11|Page



, N&38r o

MATERIALS &
METHODS




STUDY SETTING
The study was conducted in the department of Anaesthesiology and Critical Care, AIIMS,
Jodhpur after getting approval from the institutional ethical committee (Certificate Reference

Number- AIIMS/IEC/2019-20/995 dated 18/11/2020).

STUDY DESIGN

Prospective observational study

STUDY DURATION
The study was completed in a timespan of one year after getting ethical approval and CTRI

registration (CTR1/2021/03/031608) (from January 2021 to December 2021).

STUDY PARTICIPANTS
All patients who were admitted in the adult intensive care unit in whom the need of HFNC

therapy was recognised by the treating intensivist.

INCLUSION CRITERIA:
e Adult patients aged above 18 yrs
e Tachypnoeic (RR>20) and in need of oxygen therapy (i.e. SPO,< 92) as recognised by an

intensivist

EXCLUSION CRITERIA:

e Pregnant women

e Patients who were in severe respiratory failure requiring immediate tracheal intubation
and mechanical ventilation.

e Patients with SPO, >92%

e Obese patients and postoperative patients after upper abdominal surgery, where
interpretation with abdominal ultrasound was difficult.

e Patients who were on continuous Nasogastric tube aspiration.

e Patients with serious cardiovascular, renal or hepatic illness.

e Patients with abnormalities of face or who are post-surgery of face, nose or airway that
preclude an appropriate fitting nasal cannula

e Psychiatric, agitated or non-cooperative patients
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e Patients with altered sensorium

SAMPLING STRATEGY

Simple random probability sampling

SAMPLE SIZE

Sample size calculation was based on the primary outcome measure of our study i.e. increase
in gastric volume. The gastric volume considered as ‘at risk stomach’ has been defined as 0.8
ml/kg. (19) We assumed that 40% patients receiving HFNC would develop ‘at risk stomach’
compared to 10 % without HFNC. A total of 76 subjects were required for a significance of

5% and power of 80% to detect this difference.

DATA COLLECTION

All patients admitted in the adult intensive care unit in whom the need of HFNC therapy was
recognised by the treating intensivist were enrolled in the study. After giving detailed
description about the study that is being conducted and obtaining informed consent, a brief
history of each patient was taken regarding relevant comorbidities and duration of respiratory
illness and medications. Physiological data including vital signs such as heart rate, respiratory
rate, blood pressure, pulse oxygen saturation were recorded. Once the decision of HFNC
therapy was made by the treating intensivist, the patient’s basal gastric volume was measured
using ultrasonography. The average number of peristaltic contractions of the stomach in one
minute was calculated after counting the peristaltic contractions of the stomach for a time

period of 5 minutes.

Following this, HFNC therapy was started and once the patient was stabilised by the treating
intensivist, the flow and FiO, set were recorded. The ABG values which include PaO,,
PaCO,, PaO,/FiO,, Sa0O, at this FiO, was recorded. A 2nd, 3rd, 4™ ultrasound scan was done
respectively at 10, 20 and 30 minutes after the start of HFNC therapy. These scans would
look for air leaks into the stomach and any change in gastric volume. At 10 mins, the average
number of peristaltic contractions of the stomach in one minute was calculated after counting
the peristaltic contractions of the stomach for a time period of 5 minutes. The air leak in the
gastric antrum, defined by qualitative ultrasound as a distended antrum with air content that
blurs the posterior gastric wall was recorded. The new vitals and ABG values were recorded

after 30 min of start of HFNC therapy. It was ensured that only cases with a constant Fi02
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and Flow requirement, as set by the intensivist for the study time period of 30 minutes were
included in the study. The comfort of the patients on HFNC therapy were recorded at the end
of the study on a scale of good, fair or poor based on their subjective feelings and opinions.

The total duration of HFNC application and its outcome were also recorded.

Ultrasound assessment of volume

Portable ultrasound device (LOGIQ e; GE medical system; China) with a curvilinear low
frequency (3.5-5 MHz) transducer was used for quantitative measurement of the antral cross-
sectional area (ACSA). All the ultrasound examinations were performed by the same
anaesthesiologist, who was supervised by an experienced radiologist till the anaesthetist was
confident to perform the ultrasound assessment independently. To ensure consistent
measurements, three scans were performed in each patient at each time of observation. If
there was a difference of more than 0.5 cm in craniocaudal and transverse dimension
measurements between any two of the images, then the patient’s data was excluded from the
study. All patients would then undergo quantitative assessment of ACSA, in the right lateral
position with 45 degrees of head elevation. The gastric antrum was imaged in the sagittal
plane in the epigastrium, along the edge of the left lobe of liver, and at the level of the aorta.
The maximal anteroposterior diameter (D1) and transverse diameter (D2) of a single section

of the gastric antrum was determined.

ACSA=(mxDl1xD2)+4

The mean values of three consecutive measurements of D1 and D2 were used to calculate the
ACSA. From the ACSA, gastric volume was calculated. The mathematical model reported by
Bouvet and colleagues based on gastroscopic fluid assessment with a reference standard of
nasogastric suction was used for calculation of gastric volume from ACSA (32)

(ml) = -215+57 log ACSA (mm?*)-0.78 age(year)-0.16 height(cm)-0.25
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Figure 2: USG images showing anteroposterior diameter (D1) and transverse diameter (D2)

of gastric antrum in a patient at different time intervals after application of HFNC
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STATISTICAL ANALYSIS

The data collected was entered in Microsoft Excel and checked for any inconsistency. All
statistical analyses were carried out by using SPSS (IBM Corp. Released 2015. IBM SPSS
Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp.). Nominal variables were
described using counts and percentages, and were analysed using Chi square test or Fisher
Exact test. Ordinal variables were described using median and interquartile range and were
analysed using Mann Whitney U test for unpaired data and Wilcoxon test for paired data.
Interval and ratio scales were described using mean and standard deviation, and were
analysed using unpaired t-test or paired t-test as applicable. Spearman’s correlation was
calculated for finding association between HFNC flow rate and gastric distension. P value

<0.05 was considered as significant.
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Table 1: Distribution of Age (years) in study population

PARAMETER RANGE FREQUENCY | PERCENTAGE

AGE (years) 21-30 5 6.5
31-40 7 9.2

41-50 9 11.8

51-60 16 21

61-70 27 355

71-80 7 9.2

81-90 5 6.5
MEDIAN (IQR) (RANGE) 61.50 (46.5, 68.0) (27-87)

The median (IQR) (range) age (years) in our study population was 61.5 (46.5, 68) (27 - 87).
The maximum number of patients enrolled for the study (35.5%) belonged to the age group
61-70 years and only a minority (6.5%) constituted both the age groups, 21-30 years and 81-

90 years.
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Figure 3: Bar chart showing Distribution of Age(years) in study population

17 |Page




80

60

AGE OF THE PATIENT

40

20

Figure 4: Box plot showing Median (IQR) (range) age (years) in the study population.
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Table 2: Distribution of Gender in study population

PARAMETER FREQUENCY | PERCENTAG
E
GENDER MALE 52 68.4
FEMALE 24 31.6

In our study population, 68.4% (52) of the patients were male and 31.6% (24) of the patients

were female.

GENDER

Bl Female
W Male

Figure 5: Pie Chart showing Distribution of Gender in study population.
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Table 3: Distribution of Height (cm) in study population

PARAMETER RANGE (in cm) FREQUENCY PERCENTAGE

HEIGHT (cm) 141-150 1 1.3
151-160 24 31.5
161-170 40 52.6
171-180 11 14.4

MEDIAN (IQR) (RANGE) 165 (159, 168) (149-179)

The median (IQR) (range) height (cm) in our study population was 165(159, 168) (149-179).
Maximum number of patients enrolled for the study (52.6%) had height in the range of 161-
170 cm and only a minority of (1.3%) had height below 150 cm.
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Figure 6: Bar chart showing distribution of Height (cm) in the study population
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Figure 7: Box plot showing median (IQR) (range) Height (cm) in study population.
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Table 4: Distribution of Weight (in kilogram) in study population

PARAMETER RANGE (kg) FREQUENCY PERCENTAGE
WEIGHT (kg) 41-50 2 2.6
51-60 24 31.5
61-70 20 26.3
71-80 25 32.8
81-90 5 6.5
MEDIAN (IQR) (RANGE) 68.5 (59, 74) (45-90)

The median (IQR) (range) weight (kg) in our study population was 68.5 (59, 74) (45-90).
Maximum number of patients enrolled for the study (32.8%) had weight in the range of 71 to
80 kg and only a minority of (2.6%) had weight below 50 kg. Only 6.5% of the study
population had weight above 80 kg.
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Figure 8: Bar chart showing distribution of weight in the study population
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Figure 9: Box Plot showing median (IQR) (range) Weight (kg) in study population.
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Table 5: Distribution of Body Mass Index (in kilogram per square meter) in study population

PARAMETER RANGE (kg/m2) FREQUENCY | PERCENTAGE
BMI (kg/m’) 15-20 4 52
21-25 43 56.5
26-30 27 35.5
31-35 2 2.6

MEDIAN (IQR) (RANGE) 25.1(22.9,27.2) (16.3-31.2)

The median (IQR) (range) BMI (kg/mz) in our study population was 25.1 (22.9, 27.2) (16.3-
31.2). Maximum number of patients enrolled for the study (56.5%) had BMI in the range of
21 to 25 kg/m”. Only 4% of the study population had BMI in between 15-20 kg/m” and 2%
had BMI in the range of 31-35 kg/m’.
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.Figure 10: Bar chart showing distribution of BMI(kg/m?) in study population.
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Figure 11: Box Plot showing median (IQR) (range) BMI (kg/m?) in study population.
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Table 6: Distribution of Comorbidities in the study population

PARAMETER FREQUENCY | PERCENTAG

E
COMORBIDITIES DM 11 14.4
HTN 7 9.2

IHD 3 39

CKD 1 1.3
DM+HTN 9 11.8

DM-+IHD 4 5.2

DM+CKD 1 1.3

DM+ASTHMA 1 1.3

HTN+IHD 2 2.6

HTN+HYPOTHYROIDISM 1 1.3

HTN+CKD 1 1.3

DM+HTN+IHD 2 2.6
DM+HTN+HYPOTHYROIDISM 1 1.3

DM+HTN+CKD 1 1.3

HTN+IHD+CKD 1 1.3

PARKINSONISM 1 1.3
NONE 29 38.1

DM: Diabetes Mellitus, HTN: Hypertension, IHD: Ischemic Heart Disease, CKD: Chronic

Kidney Disease,

In our study population, 61.9% (47) of the patients were associated with at least one

comorbidity. Diabetes mellitus was the most common comorbidity found followed by

hypertension. 14.4% and 9.2% of the study population was diabetic only and hypertensive

only respectively. 11.8% of the total patients were both diabetic and hypertensive. Other

comorbidities associated were Coronary heart disease, Ischemic heart disease, Chronic

kidney disease, Hypothyroidism, Asthma and parkinsonism. 3.9% of the study population
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had both Diabetes mellitus and Coronary Artery Disease. 29% of the patients had no

associated comorbidities.
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Figure 12: Pie chart showing Distribution of Comorbidities in the study population
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Table 7: Distribution of Duration of Illness (in number of days) in the study population

PARAMETER RANGE FREQUENCY | PERCENTAGE
DURATION OF 1-10 25 32.8
ILLNESS (days) 11-20 37 48.6

21-30 13 17.1
31-90 1 1.3

MEDIAN (IQR) (RANGE)

14 (7.25, 20) (2-90)

The median (IQR) (range) duration of illness (days) in our study population was 14 (7.25, 20)

(2-90). Maximum number of patients (48.6%) had a duration of illness in the range of 11 to

20 days.
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.Figure 13: Bar chart showing Distribution of Duration of illness (days) in study population.
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Figure 14: Box Plot showing median (IQR) (range) Duration of illness (days) in study

population.
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Table 8: Distribution of Time of Last Meal (in minutes) in study population

PARAMETERS RANGE FREQUENCY | PERCENTAGE
TIME OF LAST MEAL 15-75 36 47.3
(min) 76-135 26 34.2
136-195 8 10.5
196-255 5 6.5
>255 1 1.3
MEDIAN (IQR) (RANGE) 90 (45, 120) (15-600)

The median (IQR) (range) time of last meal (min) in our population was 90 (45, 120) (15-
600). Maximum number (47.3%) of patients had taken meal 15-75 minutes before starting on
HFNC.
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Figure 15: Bar chart showing Distribution of Time of Last Meal (in minutes) in study

population
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Figure 16: Box Plot showing median (IQR) (range) Time of Last Meal (min) in study

population.
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Table 9: Comparison of Antero-Posterior Diameter (APD) (cm) of gastric antrum before and

after initiation of HFNC therapy at predefined time intervals.

PARAMETER MEDIAN (IQR) MEDIAN DIFF (95% CI) p-
(RANGE) COMPARED TO BASELINE | value

APD (cm) AT 0 MIN 2.3(1.6,2.9) (1.0-3.7) - -
APD (cm) AT 10 MIN | 2.4 (1.9,2.8) (1.0-3.7) 0.1 (-0.2t0 0.0) 0.67
APD (cm) AT 20 MIN | 2.5 (2.1, 3.0) (1.1-3.5) 0.2 (-0.3 t0 -0.0) 0.045
APD (cm) AT 30 MIN | 2.6 (1.9,3.1) (1.5-3.9) 0.3 (-0.4t0 -0.1) 0.003

The above table shows that the median (IQR) (range) APD of gastric antrum (cm) at 0, 10, 20
and 30 minutes were 2.3 (1.6, 2.9) (1.0-3.7), 2.4 (1.9, 2.8) (1.0-3.7), 2.5 (2.1, 3.0) (1.1- 3.5),
and 2.6 (1.9, 3.1) (1.5-3.90) respectively. Wilcoxon signed rank test was applied to compare
the APD at 10, 20 and 30 min with APD at 0 min which showed a median difference (95%
CD of 0.1 (-0.2 to 0.0), 0.2 (-0.3 to -0.0) and 0.3 (-0.4 to -0.1) respectively. The APD at 20
and 30 min was significantly larger (p-value 0.045 and 0.003 respectively) compared to APD

at 0 min while there was no significant difference (p-value = 0.67) between APD at 0 min and

10 min.
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Figure 17: Box Plot showing median (IQR) (range) APD of gastric antrum (cm) before (0

min) and after (10, 20 and 30 min) initiation of HFNC therapy.
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Table 10: Comparison of Transverse Diameter (TVD) of gastric antrum (cm) before and after

initiation of HENC therapy at predefined time intervals.

PARAMETER MEDIAN (IQR) MEDIAN DIFF (95% CI) p-value
RANGE) COMPARED TO BASELINE
TVD (cm) AT O MIN | 2.2 (2.0,2.4) (1.6-3.0) - -
TVD (cm) AT 10 MIN | 2.6 (2.3, 3.0) (1.7-4.6) 0.36 (-0.7 to -0.4) <0.0001
TVD (cm) AT 20 MIN | 2.7 (2.4, 3.2) (1.8-3.9) 0.46 (-0.7 to -0.4) <0.0001
TVD (cm) AT 30 MIN | 2.6 (2.2,3.1) (1.6-4.6) 0.4 (-0.6 to -0.3) <0.0001

The above table shows that the median (IQR) (range) TVD of gastric antrum (cm) at 0, 10, 20
and 30 minutes were 2.2 (2.0, 2.4) (1.6-3.0), 2.6 (2.3, 3.0) (1.7-4.6), 2.7 (2.4, 3.2) (1.8-3.9),
and 2.6 (2.2, 3.1) (1.6-4.6) respectively. Wilcoxon signed rank test was applied to compare
the TVD at 10, 20 and 30 min with TVD at O min which showed a median difference (95%
CI of 0.36 (-0.7 to -0.4), 0.46 (-0.7 to -0.4) and 0.4 (-0.6 to -0.3) respectively. The TVD at
10, 20 and 30 min was significantly larger (p-value <0.0001, <0.0001 and <0.0001

respectively) compared to TVD at O min.
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Figure 18: Box Plot showing median (IQR) (range) TVD of gastric antrum (cm) before (0
min) and after (10, 20 and 30 min) initiation of HFNC therapy.
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Table 11: Comparison of Antral Cross-sectional Area (ACSA) of gastric antrum (sz) before

and after initiation of HFNC therapy at predefined time intervals.

MEDIAN DIFF (95% CI)
PARAMETER | MEDIAN (IQR) (RANGE) COMPARED TO p-value
BASELINE
ACSA (cmd) AT 0 400.2 (279.6, 463.0) _ _
MIN (135.2-856.2)
ACSA (cmd) AT 10 | 4834 (380.7. 695.7)
21 (-158.2 to -77. 0001
s (1589-11097 8321 (-158.210-77.3 | <0.000
ACSA (cmd) AT 20 | 5015 (392.5. 663.8)
101.27 (-172.6 to -95. 0001
MIN (194.6-936.9) 01.27 (-172.610-95.5) | <0.000
ACSA (cmd) AT 30 | 483.6 (332.6.776.5)
38 (-212.5 to -104. 0001
s 259, 1406.6) 83.38 (-212.510-104.5) | <0.000

The above table shows that the median (IQR) (range) ACSA of gastric antrum (cm) at 0, 10,
20 and 30 minutes were 400.2 (279.6, 463) (135.2-856.2), 483.4 (380.7, 695.7) (158.9-
1109.7), 501.5 (392.5, 663.8) (194.6-936.9), and 483.6 (332.6, 776.5) (225.7-1406.6)
respectively. Wilcoxon signed rank test was applied to compare the ACSA at 10, 20 and 30
min with ACSA at 0 min which showed a median difference (95% CI) of 83.21 (-158.2 to -
77.3), 101.27 (-172.6 to -95.5) and 83.38 (-212.5 to -104.5) respectively. The ACSA at 10, 20
and 30 min was significantly larger (p-value <0.0001, <0.0001 and <0.0001 respectively)

compared to ACSA at 0 min.

1500.00-]

1000.00
161 201

33
500.00 I l

ACSA
ash

.00 T T T T
0 MIN 10 MIN 20 MIN 30 MIN

TIME

Figure 19: Box Plot showing median (IQR) (range) ACSA of gastric antrum (cm®) before (0
min) and after (10, 20 and 30 min) initiation of HFNC therapy.
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Table 12: Comparison of Gastric Volume (GV) (ml) before and after initiation of HFNC

therapy at predefined time intervals.

MEDIAN DIFF (95%
PARAMETER | MEDIAN (IQR) (RANGE) | CI) COMPAREDTO | p-value
BASELINE
GV (ml) ATOMIN | 51.9 (37.9, 68.9) (0.3-118.8) - i
V (ml) AT 1
G (MiN 0 64.9 (45.4, 88.3) (0.2-131.4) 13.0 (-17.7 to -9.6) <0.0001
V (ml) AT 2
G (MiN 0 69.2 (50.1, 86.6) (12.0-127.3) 17.3 (-21 to 11.9) <0.0001
V (ml) AT
© (MiN 50 63.0 (42.0, 93.9) (2.1-138.2) 11.1 (-23 to -10.7) <0.0001

The above table shows that the median (IQR) (range) GV (ml) at 0, 10, 20 and 30 minutes
were 51.9 (37.9, 68.9) (0.3-118.8), 64.9 (45.4, 88.3) (0.2-131.4), 69.2 (50.1, 86.6) (12-127.3),
and 63.0 (42, 93.9) (2.1-138.2) respectively. Wilcoxon signed rank test was applied to

compare the GV at 10, 20 and 30 min with GV at 0 min which showed a median difference
(95% CI) of 13 (-17.7 t0 -9.6), 17.3 (-21 to 11.9) and 11.1 (-23 to -10.7) respectively. The GV
at 10, 20 and 30 min was significantly larger (p-value <0.0001, <0.0001 and <0.0001

respectively) compared to GV at 0 min.
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Figure 20: Box Plot showing median (IQR) (range) gastric volume (GV) (ml) before (0 min)
and after (10, 20 and 30 min) initiation of HFENC therapy.
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Table 13: Correlation between HFNC flow (L/min) and number of patients with increase in

Gastric Volume in the study population.

FLOW NUMBER OF PATIENTS WITH NUMBER OF
(L/min) CORRESPONDING FLOW PATIENTS WITH GV
INCREASE
30 11 0
40 19 13
50 22 18
60 24 22

r coefficient

0.541

p-value

<0.0001

The above table shows that there was a higher occurrence of gastric volume increase among

patients with higher flows of HFNC. The Spearman correlation coefficient was calculated to

find out the correlation between HFNC flow and number of patients with increase in GV.

There was a significant positive correlation (r=0.541) (p=<0.0001) between HFNC flow and

increase in gastric volume.
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Figure 21: Bar chart showing number of patients at different HFNC flows and number of

patients who had an increase in gastric volume at that particular flow.
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Table 14: Comparison of number of patients with GV>0.8 ml/kg at 0 minute and 30 minutes

TIME(MINS) NUMBER OF PATIENTS WITH NUMBER OF PATIENTS
GV<0.8 ML/KG WITH GV>0.8 ML/KG
AT 0 MIN 60 16
AT 30 MIN 31 45

The gastric volume calculated in the study population at 0 min after application of HFNC was

more than 0.8 ml/kg in 16 patients (21%). This number increased to 45 patients (59%) after

30 minutes of application of HFNC.
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Figure 22: Bar chart showing Distribution of patients with Gastric Volume >0.8 ml/kg in the

study population at O min and 30 min
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Table 15: Comparison of Air leak at predefined time intervals after initiation of HFNC.

FREQUENCY PERCENTAGE p-value
AIR LEAK AT 0 MIN 2 2.6 -
AIR LEAK AT 10 MIN 13 17.1 0.001
AIR LEAK AT 20 MIN 41 53.9 <0.0001
AIR LEAK AT 30 MIN 46 60.5 <0.0001

Out of 76 patients enrolled in the study, only 2 patients (2.6%) had air leak in gastric antrum
before application of HFNC while 13 (17.1%), 41 (53.9%) and 46 (60.5%) patients had air

leak at 10, 20 and 30 min respectively. Significantly higher numbers of patients had air leak

at 10 min (p-value=0.001), 20 min (p-value<0.0001) and at 30 min (p-value<0.0001)

compared with air leak at O min.

The incidence of air leak at 10 minutes, 20 minutes and 30 minutes were calculated and

found to be 14%, 52% and 59% respectively.
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Figure 23: Pie chart showing number of patients with Air leak before and after initiation of

HENC therapy at predefined time intervals
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Table 16: Comparison of Peristaltic contractions before (at 0 min) and after (at 10

min)initiation of HFNC therapy.

MEDIAN DIFF (95% CI)
NUMBER OF MEDIAN (IQR)
COMPARED TO p-value
PERISTALTIC (RANGE)
BASELINE
CONTRACTIONS
AT 0 MIN 0(0,2) (0-4) - -
AT 10 MIN 1 (0, 3) (0-7) 1 (-1.4 to -0.8) <0.0001

The median (IQR) (range) number of peristaltic contractions at 0 and 10 min was 0 (0, 2) (O-

4) and 1 (0, 3) (0-7). Wilcoxon signed rank test was applied to compare the number of

peristaltic contractions at two time points which showed a median difference (95% CI) of 1 (-

1.4 to -0.8) and p-value <0.0001. There was a significant increase in the number of peristaltic

contractions after application of HFNC.

4
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Figure 24: Box Plot showing median (IQR) (range) number of Peristaltic contractions

before (at 0 min) and after (at 10 min) initiation of HFNC therapy.
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Table 17: Comparison of Heart Rate (HR) (beats per minute) before (at O min) and after (at

10 min) initiation of HFNC therapy

MEDIAN DIFF (95% CI)
HEART RATE
MEDIAN (IQR) (RANGE) COMPARED TO p-value
(beat per min)
BASELINE
AT 0 MIN 98.5 (79.8, 118) (55-134) - -
AT 30 MIN 99.0 (76.3, 114) (52-136) 0.5 (-0.6t0 3.9) 0.08

The median (IQR) (range) HR (beat per min) at 0 and 10 min was 98.5 (79.8, 118) (55-134)

and 99 (76.3, 114) (52-136) respectively. Wilcoxon signed rank test was applied to compare
the HR at two time points which showed a median difference (95% CI) of 0.5 (-0.6 to 3.9)

and p-value 0.08. There was no significant change in HR after the application of HFNC.
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Figure 25: Box Plot showing median (IQR) (range) HR (beat per min) before (at 0 min) and

after (at 10 min) initiation of HFNC therapy.
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Table 18: Comparison of Systolic Blood Pressure (SBP) (mmHg) before (at 0 min) and after
(at 10 min) initiation of HFNC therapy

SYSTOLIC MEDIAN (IQR) MEDIAN DIFF (95% CI) | p-value
BLOOD (RANGE) COMPARED TO
PRESSURE BASELINE
(mmHg)
AT 0 MIN 128 (113.3, 140.8) (94- - -
184)
AT 30 MIN 124 (114.5, 138.8) (94- 4 (-2.5 10 2.6) 0.43
178)

The median (IQR) (range) SBP (mmHg) at O and 10 min was 128 (113.3, 140.8) (94-184)
and 124 (114.5, 138.8) (94-178) respectively. Wilcoxon signed rank test was applied to
compare the SBP at two time points which showed a median difference (95% CI) of 4 (-2.5 to
2.6) and p-value 0.43. There was no significant change in the SBP after the application of

HENC.
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Figure 26: Box Plot showing median (IQR) (range) SBP (mmHg) before (at 0 min) and after
(at 10 min) initiation of HFNC therapy.
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Table 19: Comparison of Diastolic Blood Pressure (DBP) (mmHg) before (at O min) and
after (at 10 min) initiation of HFNC therapy

MEDIAN DIFF (95% CI)
DIASTOLIC BLOOD MEDIAN (IQR)
COMPARED TO p-value
PRESSURE (mmHg) (RANGE)
BASELINE
AT 0 MIN 76 (66, 87) (47-103) - -
AT 30 MIN 78 (69.3, 84) (56-111) 2(-3.1t0 1.2) 0.38

The median (IQR) (range) DBP (mmHg) at 0 and 10 min was 76 (66, 87) (47-103) and 78
(69.3, 84) (56-111) respectively. Wilcoxon signed rank test was applied to compare the DBP
at two time points which showed a median difference (95% CI) of 2 (-3.1 to 1.2) and p-value
0.38. There was no significant change in the DBP after the application of HFNC.
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Figure 27: Box Plot showing median (IQR) (range) DBP (mmHg) before (at O min) and after
(at 10 min) initiation of HFNC therapy.
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Table 20: Comparison of Mean Blood Pressure (MBP) (mmHg) before (at O min) and after
(at 10 min) initiation of HFNC therapy

MEAN BLOOD | MEDIAN (IQR) (RANGE) | MEDIAN DIFF (95% CI) | p-value
PRESSURE COMPARED TO
(mmHg) BASELINE
AT 0 MIN 95.3 (82.2, 102.6) (68-121) - -
AT 30 MIN 93.3(85.3, 103.1) (68.7- 2 (-2.5t0 1.3) 0.97
128)

The median (IQR) (range) MBP (mmHg) at 0 and 10 min was 95.3 (82.2, 102.6) (68-121)
and 93.3 (85.3, 103.1) (68.7-128) respectively. Wilcoxon signed rank test was applied to
compare the MBP at two time points which showed a median difference (95% CI) of 2 (-2.5
to 1.3) and p-value 0.97. There was no significant change in the MBP after the application of

HENC.
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Figure 28: Box Plot showing median (IQR) (range) MBP (mmHg) before (at O min) and after
(at 10 min) initiation of HFNC therapy.
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Table 21: Comparison of Peripheral oxygen saturation (SpO,) (%) before (at O min) and after

(at 10 min) initiation of HFNC therapy

PERIPHERAL OXYGEN MEDIAN DIFF (95% CI)
MEDIAN (IQR)
SATURATION (SpO») COMPARED TO p-value
(RANGE)
(%) BASELINE
AT 0 MIN 88 (86, 89) (80-92) - -
AT 30 MIN 93.5 (91, 94) (90-99) 5.5(-5.91t0-5.0) <0.0001

The median (IQR) (range) SpO; (%) at 0 and 10 min was 88 (86, 89) (80-92) and 93.5 (91,

94) (90-99) respectively. Wilcoxon signed rank test was applied to compare the SpO, at two
time points which showed a median difference (95% CI) of 5.5 (-5.9 to -5.0) and p-value

<0.0001. There was a significant increase in the SpO; after the application of HFNC.
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Figure 29: Box Plot showing median (IQR) (range) SpO, (%) before (at 0 min) and after (at
10 min) initiation of HFENC therapy.
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Table 22: Comparison of Respiratory Rate (RR) (per min) before (at 0 min) and after (at 10
min) initiation of HFNC therapy

RESPIRATORY MEDIAN (IQR) MEDIAN DIFF (95% CI) p-value
RATE (per min) (RANGE) COMPARED TO BASELINE
AT 0 MIN 30 (26, 35) (18-50) - -
AT 30 MIN 26 (22, 32) (18-43) 4(2.4-35) <0.0001

The median (IQR) (range) RR (per min) at 0 and 10 min was 30 (26, 35) (18-50) and 26 (22,
32) (18-43) respectively. Wilcoxon signed rank test was applied to compare the RR at two
time points which showed a median difference (95% CI) of 4 (2.4-3.5) and p-value <0.0001.
There was a significant decrease in the RR after the application of HFNC.
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Figure 30: Box Plot showing median (IQR) (range) RR (per min) before (at 0 min) and after
(at 10 min) initiation of HFNC therapy.
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Table 23: Comparison of Partial Pressure of Oxygen in the arterial blood (PaO,) (mmHg)
before (at 0 min) and after (at 10 min) initiation of HENC therapy

PaO, (mmHg) MEDIAN (IQR) (RANGE) MEDIAN DIFF (95% CI) p-value
COMPARED TO
BASELINE
AT 0 MIN 71.7 (65.2,78) (52.4- - -
102.8)
AT 30 MIN 78.6 (70.3-87.5) (58.6-168) 6.9 (-12.6 to -6.7) <0.0001

The median (IQR) (range) PaO, (mmHg) at 0 and 10 min was 71.7 (65.2, 78) (52.4-102.8)
and 78.6 (70.3-87.5) (58.6-168) respectively. Wilcoxon signed rank test was applied to
compare the PaO, at two time points which showed a median difference (95% CI) of 6.9 (-

12.6 to -6.7) and p-value <0.0001. There was a significant increase in the PaO, after the

application of HFNC.
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Figure 31: Box Plot showing median (IQR) (range) PaO, (mmHg) before (at 0 min) and after
(at 10 min) initiation of HFNC therapy.
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Table 24: Comparison of Partial Pressure of Carbon Dioxide in the arterial blood (PaCO,)
(mmHg) before (at 0 min) and after (at 10 min) initiation of HFNC therapy

PaCO, (mmHg) MEDIAN (IQR) MEDIAN DIFF (95% CTI) p-value
(RANGE) COMPARED TO BASELINE

AT 0 MIN 41.6 (39, 45) (23.4-78.6) - -

AT 30 MIN 40 (37.9, 44.1) (23.6-75) 1.6 (0.6-1.5) <0.0001

The median (IQR) (range) PaCO, (mmHg) at 0 and 10 min was 41.6 (39, 45) (23.4-78.6) and
40 (37.9, 44.1) (23.6-75) respectively. Wilcoxon signed rank test was applied to compare the
PaCO, at two time points which showed a median difference (95% CI) of 1.6 (0.6-1.5) and p-
value <0.0001. There was a significant decrease in the PaCO, after the application of HFNC.
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Figure 32: Box Plot showing median (IQR) (range) PaCO, (mmHg) before (at 0 min) and
after (at 10 min) initiation of HFNC therapy.
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Table 25: Comparison of ratio of PaO, and FiO, (PF-ratio) in the arterial blood before (at 0
min) and after (at 10 min) initiation of HFNC therapy

PF RATIO MEDIAN (IQR) (RANGE) MEDIAN DIFF (95% CI) | p-value
COMPARED TO
BASELINE
ATOMIN | 108.3 (93, 134.5) (52.4-211.4) - -
AT 30 MIN 120.4 (100.0, 158.9) (58.6- 12.1(-23.9t0 -11) <0.0001
281.3)

The median (IQR) (range) PF-ratio at 0 and 10 min was 108.3 (93, 134.5) (52.4-211.4) and
120.4 (100.0, 158.9) (58.6-281.3) respectively. Wilcoxon signed rank test was applied to
compare the PF-ratio at two time points which showed a median difference (95% CI) of 12.1

(-23.9 to -11) and p-value <0.0001. There was a significant increase in the PF-ratio after the

application of HFNC.
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Figure 33: Box Plot showing median (IQR) (range) PF-ratio before (at 0 min) and after (at 10
min) initiation of HFENC therapy.
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Table 26: Comparison of ratio of Arterial Oxygen Saturation (Sa0;) (%) before (at 0 min)
and after (at 10 min) initiation of HFNC therapy

Sa0, (%) MEDIAN (IQR) MEDIAN DIFF (95% CI) p-value
(RANGE) COMPARED TO BASELINE
AT 0 MIN 88 (85.6, 88) (80.9-93.9) - -
AT 30 MIN 91 (89.6, 92) (86-97.1) 3(-4to-3.1) <0.0001

The median (IQR) (range) SaO; at 0 and 10 min was 88 (85.6, 88) (80.9-93.9) and 91 (89.6,
92) (86-97.1) respectively. Wilcoxon signed rank test was applied to compare the PF-ratio at
two time points which showed a median difference (95% CI) of 3 (-4 to -3.1) and p-value

<0.0001. There was a significant increase in the SaO, after the application of HFNC.
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Figure 34: Box Plot showing median (IQR) (range) SaO, before (at 0 min) and after (at 10
min) initiation of HFNC therapy.
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Table 27: Complaints of Nausea or vomiting

PARAMETER FREQUENCY PERCENTAGE
COMPLAINTS OF NO 69 90.8
NAUSEA OR VOMITING YES 7 92

The above table shows that only 7 patients (9.2%) of the study population complained of

nausea or vomiting after 30 mins of HFNC therapy. 69 patients (90.8%) of the patients were

free of any symptoms.
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Figure 35: Pie chart showing number of patients with complaints of nausea and vomiting 30

min after initiation of HFNC therapy.
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Table 28: Comfort level of the patient

PARAMETER FREQUENCY PERCENTAGE
COMFORT OF THE GOOD 35 46.1
PATIENT FAIR 34 44.7
POOR 7 9.2

The above table shows that the comfort levels of 35 patients (46.1%) of the study population

was good while 34 patients (44.7%) had a fair level of comfort only 7 patients (9.2%) were

uncomfortable with HFNC therapy.
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Figure 36: Pie chart showing number of patients with good, fair and poor comfort level 30

min after initiation of HFNC therapy.
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Table 29: Total duration on HENC (days) in the study population

PARAMETER FREQUENCY PERCENTAGE
1-5 47 61
6-10 21 27.6
TOTAL DURATION
11-15 6 7.8
ON HENC (days)
16-20 2 2.6
MEDIAN 4 (2.25, 8) (1-17)

The above table shows that the median (IQR) (range) total duration on HFNC was 4 (2.25, 8)
(1-17). Most of the patients (61%) were on HFNC for only 1-5 days.
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Figure 37: Bar chart showing total duration on HFNC in the study population
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Figure 38: Box Plot showing median (IQR) (range) duration on HFNC therapy in the study

population.

55|Page



Table 30: Patient condition during HFNC therapy

PARAMETER FREQUENCY | PERCENTAGE
PATIENT CONDITION | NOT IMPROVED 1 539
DURING HENO IMPROVED 35 46.1
THERAPY

In our study population, out of 76 patients enrolled for the study, the condition of 46.1% (35)
of the total patients improved and 53.9% (41) of the total patients worsened during HFNC
therapy.
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Figure 39: Pie chart showing number of patients' conditions during HFNC therapy.
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Table 31: Subsequent therapy

PARAMETER FREQUENCY | PERCENTAGE
SUBSEQUENT LOW FLOW OXYGEN 35 46.1
THERAPY THERAPY
NIV 30 39.5
INTUBATION 4 5.3
DEATH 7 9.2

Out of 76 patients enrolled for the study, 35 patients (46.1%) were weaned off successfully
from HENC to Low flow oxygen therapy. 41 patients (53.9%) worsened in condition out of
which 30 patients (39.5%) were subsequently treated with NIV, 5.3% of the patients were
intubated and 7 patients (9.2%) succumbed to death.
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Figure 40: Pie chart showing subsequent therapy after HFNC therapy.
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The use of HFNC in adult patients admitted in intensive care units could produce air leak in
gastric antrum leading to gastric distention. The increase in the gastric volume can be
attributed to both the increase in APD as well as increase in TVD after application of HFNC
thereby increasing ACSA and GV. This increase in GV was associated with an increased
number of peristaltic contractions and had a significant positive correlation with HFNC flow.
Use of HFNC was associated with a significant increase in the SpO,, PaO,, PF-ratio and
Sa0, while a significant decrease was observed in the RR and PaCO,. Most of the patients
tolerated the HFNC therapy except for a few (complaining nausea and vomiting) and required

the therapy for a period of 1-10 days. More than half of the patients improved on the therapy.

First line treatment for Acute Hypoxaemic Respiratory Failure is supplemental oxygenation.
HFENC has recently become an alternative respiratory support that maintains adequate
oxygenation and ventilate alveoli for critically ill patients. Many studies mention the ability
of HENC to decrease respiratory frequency, work of breathing and need for respiratory
support escalation. Moreover, it delivers warm and adequately humidified gas and thus
protects the mucociliary clearance mechanism of the patient. There are reports suggestive of a
PEEP effect and an increased end-expiratory lung volume with usage of HFNC. Unlike NIV,
HFNC cannot actively enhance tidal volume, but they help decrease the anatomic dead space

as compared to other means.

Our study population of critically ill patients consisted of predominantly male gender
(68.4%) having a median (IQR) (range) age (yrs) 61.5 (46.5, 68) (27-87), height (cm) 165
(159,168) (149-179), weight (kg) 68.5 (59,74) (45-90) and BMI (kg/m?) 25.1 (22.9, 27.2)
(16.3-31.2). Out of the total study population, 14.4% had DM only, 11.8% had DM and HTN,
9.2% had HTN only while 26.5% had other comorbidities. In our study population, with the
help of ultrasonography, it was found that there was a significant increase in GV from
baseline at 10 minutes, 20 minutes and 30 minutes after application of HFNC. The percentage
of patients with gastric volume more than 0.8 ml/kg, considered as “at risk stomach”

increased from 21% at 0 min to 59% at 30 min after application of HFNC.(19)

Elizabeth McLellan et al (2020) conducted a prospective, interventional assessor-blinded
study in 60 subjects in healthy fasted adult volunteers and found that there was no evidence
of gastric distension or an increase in gastric secretions with HFNC at flow rate up to 70
L/min for 30 min. (6) This study was conducted in healthy volunteers and hence the results

obtained cannot be extrapolated to our study population which involves critically ill patients.
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Satoki Inoue et al (2018) reported a case of a 21-month old boy with a history of chronic lung
disease who was admitted in ICU with history of upper respiratory infection when taken on
HENC therapy post-extubation at 20L/min, developed severe stridor. A nasal airway was
placed in the left nostril. Following this, the child developed signs of distress and critical
abdominal distension which was later proven to be gastric insufflation. By this, they
concluded that HFNC needs to be recognized as a positive pressure ventilation system and
that critical over-distension of the abdomen can occur by HFNC (11). This case report goes in
favour of our study results. But since the patient belongs to the paediatric age group and there
was a history of deep placement of nasopharyngeal airway, it is difficult to expect these

findings in the general population.

We have observed 14%, 52%, 59% incidence of "air leak" defined by qualitative ultrasound
as a distended antrum with air content that blurs the posterior gastric wall at 10 min, 20 min
and 30 min respectively after application of HFNC. The air leak was found to be present in
significantly larger numbers of patients at 10 minutes (p value: 0.001), 20 minutes (p value:
<0.0001), 30 minutes (p value: <0.0001) compared with baseline after application of HFNC.
There was a significant increase in peristaltic contractions at 10 mins (<0.0001) after
application of HFNC as compared to the baseline. The median difference in peristaltic
contractions in the study population at 10 mins compared to baseline was 1 with a 95%
confidence interval of -1.4 to -0.8. These observations helped in confirming our hypothesis.
Sud et al done a blinded, non-randomised retrospective study and compared the gastric
volumes acquired immediately after intubation measured by computed tomography in two
series of adult patients, undergoing percutaneous thermal ablation of liver cancer under
general anaesthesia: 50 received peri-intubation high flow nasal oxygen therapy and another
50 received conventional facemask pre-oxygenation and ventilation before intubation. There
was a small amount of gas present in both the groups but no difference in the volume of
gastric gas measured by computed tomography imaging between the two groups.(15) The use
of general anaesthetic agents can increase the risk of aerophagia in these patients even with
use of face mask ventilation. The time duration of use of HFNC in this study is shorter and

hence the results cannot be equated with our study.

We have studied patients on different flows and on evaluation, there was a significant
positive correlation between increase in flow and increase in gastric distention. Parke RL et al
(2011) conducted a prospective descriptive study in patients who were scheduled for elective

cardiac surgery in a tertiary care cardiothoracic and vascular ICU and measured
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nasopharyngeal pressure with nasal flow oxygen at flows of 30, 40 and 50 L/min with
patients mouth both open and closed. They concluded that mean nasopharyngeal pressure
during nasal high flow oxygen increases as flow increases. (12) Lionel Bouvet et al (2014)
conducted a prospective, randomized, double blind study in which 67 patients were allotted
to 4 groups based on pressure applied during controlled pressure ventilation by face mask:
10, 15, 20 and 25 cmH2O0 after inducing patients with IV induction agents without muscle
relaxation. There was a significant increase in incidences of gastric insufflation with
inspiratory pressure from 0% in group P10 to 41% in group P25 according to auscultation
and from 19 to 59% according to USG. Statistically significant increase in antral area was

obtained in group P20 and P25 with insufficient lung ventilation in P10.(14).

These two studies throw light on the fact that increase in flows may increase nasopharyngeal
pressures and this goes in support with our study as increase in pressures may ultimately lead

to more aerophagia and gastric distention.

There was a significant increase in heart rate (p value< 0.0001) with a median difference of
0.5, significant increase in SPO, (p value< 0.0001) with a median difference of 5.5,
significant decrease in RR (p value< 0.0001) with a median difference of 4 after 30 mins of
application of HFNC. There was a non-significant change in SBP (p value= 0.429) DBP (p
value= 0.376) MBP (p value= 0.974) at 30 mins compared to baseline on application of
HENC.

There was a significant increase in PaO, (p value= <0.0001) with a median difference of 6.9,
significant increase in SaO, (p value< 0.0001) with a median difference of 3, significant
decrease in PaCO, (p value<0.0001) with a median difference of 1.6, significant increase in
Pa0,/FiO, (p value< 0.0001) with a median difference of 12.1 at 30 mins as compared to

baseline.

Sztrymf B et al (2011) in his pilot prospective monocentric study in 38 patients evaluated
safety and outcome of HFNC in ICU patients with Acute Respiratory Failure. It was found
that HFNC significantly reduced RR, HR, dyspnoeic score, supraclavicular retraction and
thoracoabdominal asynchrony and increased pulse oximetry as early as 15 minutes after
beginning of HFNC. PaO2 and PaO2/FiO2 increased significantly after 1 hour of HFNC in

comparison with baseline. (8).

These study results are consistent with our study results for RR, SPO,, PaO,and

Pa0,/FiO,values.The disparity in results for HR might be due to variation in illnesses of the

60| Page



patient. Most of the patients enrolled in our study were covid positive patients and isolated.
So, there is more risk of dehydration and anxiousness in these patients due to change in

treatment modality
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LIMITATION OF THE
STUDY




There are several limitations to our study, which should be considered while interpreting our

data. These are elucidated as follows:

1. It was an observational study, and not a randomized controlled trial, which is considered

the gold standard.

2. A comparison of HFNC was not made with its peers - Non-invasive mechanical
ventilation. Gastric insufflation is already a proven complication of non-invasive ventilation.
A comparison between the two would have helped in establishing the severity of gastric
distention with HFNC. Studies are warranted to compare the gastric distention following

HENC and NIV.

3. The data was only included for patients admitted between January 2021 and December
2021. This was because it was a time-bound study, with a schedule already decided in the
protocol. There was an increased number of COVID admissions in this time period. So most

of the cases that were included were critically ill patients due to SARS COV2 infection.
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CONCLUSION




We had formulated a hypothesis that the use of HFNC in adult patients admitted in our

intensive care unit could produce air leak in gastric antrum leading to gastric distention. The

plausibility of this hypothesis was tested by a prospective observational study conducted in a

timespan of one year from January 2021 to December 2021.The major findings of the study

can be enlisted as below

1)

2)

3)

4)

5)

6)

7)

The APD at 20 and 30 min were significantly larger compared to APD at O min while
there was no significant difference between APD at O min and 10 min. The TVD, ACSA
and GV at 10, 20 and 30 min were significantly larger compared to their measurements
obtained at 0 min. The percentage of patients with gastric volume more than 0.8 ml/kg,
considered as “at risk stomach” increased from 21% at O min to 59% at 30 min after
application of HFENC. (19) Thus, we can conclude that the initiation of HFNC has
significantly increased the gastric volume in critically ill patients.

There was a significant positive correlation (r=0.541) (p=<0.0001) between HFNC flow
and increase in gastric volume.

Significantly higher numbers of patients had air leak at 10, 20 and 30 min compared with
air leak at O min. The incidence of air leak at 10 minutes, 20 minutes and 30 minutes were
calculated and found to be 14%, 52% and 59% respectively.

There was a significant increase in the number of peristaltic contractions at 10 mins after
initiation of HFNC.

There was no significant change in HR, SBP, DBP and MBP from baseline noted at 30
min after initiation of HFNC. However, a significant increase in the SpO, and a
significant decrease in the RR from baseline was observed at 30 mins after initiation of
HENC.

There was a significant increase in the PaO,, PF-ratio and SaO, and a significant decrease
in the PaCO, from baseline at 30 mins after application of HFNC.

Most of the patients tolerated the therapy while a few had nausea and vomiting. The
duration of HFNC therapy for most of the patients was between 1 to 10 days and more

than half of the patients improved with the therapy.
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ANNEXURE -1
Ethical Clearance Certificate




ANNEXURE - 2

All India Institute of Medical Sciences,

Jodhpur, Rajasthan

(Informed Consent Form)
TITLE: GASTRIC INSUFFLATION WITH HIGH FLOW NASAL CANNULA OXYGEN
THERAPY IN PATIENTS ADMITTED IN ADULT INTENSIVE CARE UNIT: AN
OBSERVATIONAL STUDY

Name of PG Student: Dr. ANJANA RAMACHANDRAN TelephoneNo0:9961957533

Patient Identification No:

I, , s/o,d/o,r/o,

Resident of give my full, free, voluntary
consent to be a part of the study* Title: GASTRIC INSUFFLATION WITH HIGH FLOW
NASAL CANNULA OXYGEN THERPY IN PATIENTS ADMITTED IN ADULT
INTENSIVE CARE UNIT: AN OBSERVATIONAL STUDY” , the procedure and nature of

which has been explained to me in my own language to my full satisfaction. I confirm that I
have had the opportunity to ask questions. I understand that my participation is voluntary, and
I am aware of my right to opt out of the study at any time without giving any reason. I
understand that the information collected and any of my medical records may be looked at by
responsible individuals from AIIMS Jodhpur or from regulatory authorities. I give permission
for these individuals to have access to my records.

Date:

Place: Signature/Left thumb impression

This to certify that the above consent has been obtained in my presence.

Date :

Place : Signature of PG Student
Witness 1 Witness 2
Signature Signature

Name Name
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ANNEXURE -3

STYQR, TSEAT
I SEEd e

Mgy / saA9Y T MYh: GASTRIC INSUFFLATION WITH HIGH FLOW NASAL

CANNULA OXYGEN THERAPY IN PATIENTS ADMITTED IN ADULT INTENSIVE
CARE UNIT: AN OBSERVATIONAL STUDY

S ©F @1 A : [00] 35T THAdega el d: 9961957533

U9t / TII_ g U TEIT:

#, g3 /g

adr

FEITT GASTRIC INSUFFLATION WITH HIGH FLOW NASAL CANNULA OXYGEN

THERAPY IN PATIENTS ADMITTED IN ADULT INTENSIVE CARE UNIT: AN
OBSERVATIONAL STUDY

" ST Teh HTIT Tl b ST ALY QU, T, TITCed FeaAsd ¢, Soradt ufsar 3R uep s A3 3r0e
G EfS & STT 3T HR QT H THASS IS & | H YT AT & 5 H U4 I ol HaE SHAT B |
H FHASIAT & 3 A AN T & 3T A7 schdll 31 PRI FAT STl ShdT HT HHF AT

ITe SAtholel & AN 3TSUBR I FTTPRT &

H HHSAT & 3 A 3R A Aol WHITOY &b TR H TSl &l IS SATABRI Pl TFH SIIYT AT
SASAATHD UTSURI D T STFHER ITEC §RT ST T FhdT & | H 57 cITECTT Y 37U ISH@!

deh UEd & SeIT igHSd ol & |
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ANNEXURE - 4

PATIENT INFORMATION SHEET

1. Risks to the patients: No interventions or life-threatening procedures will be done.

2. Confidentiality: Your participation will be kept confidential. Your medical records will be
treated with confidentiality and will be revealed only to doctors/ scientists involved in this
study. The results of this study may be published in a scientific journal, but you will not be

identified by name.
3. Provision of free treatment for research related injury. Not applicable.
4. Compensation of subjects for disability or death resulting from such injury: Not Applicable

5. Freedom of individuals to participate and to withdraw from research at any time without

penalty or loss of benefits to which the subject would otherwise be entitled.

6. You have complete freedom to participate and to withdraw from research at any time without

penalty or loss of benefits to which you would otherwise be entitled.
7. Your participation in the study is optional and voluntary.

8. The copy of the results of the investigations performed will be provided to you for your

record.

9. You can withdraw from the project at any time, and this will not affect your subsequent

medical treatment or relationship with the treating physician.

10. Any additional expense for the project, other than your regular expenses, will not be

charged from you.
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ANNEXURE - 5

. ASIT o STV SAFCHH: IS TEAGTT AT SaA-LThT UTSAT AT T SATTI |

—

2. MUATAT: 0 Thr HNERT &l TN T@T JATTI| 0 Udb ATShel WO &l Ia=rdr

& TTY SelTol ShAT SATUIT 3R & Tl 3T JCTTA H AMSH ToiaFe] / dATSAehT Dl Tl

oI | 3 TCIIA th TRIAH Th d=ISAh USRI H UhBLAd & Hbhd ¢, oSt

0 Uepl ATH B UEATAT Al ST |

3. AFHYUTA HIHY TIC oh SoTT S1: Yoeh STTN ehl cTAEAT| AT el |

4. VHT T V ScUee SaDhelaTar AT Heg & Sell Sadf el HO Toil: AT A &

5. Sehdl HT GHY ST T ATHT &b AT & STAT Sha! Hl HHI HIIT A b SolU <ITEE Bl

FIATAT el 3 HFHYUT § ATTH At & Sl FIATAT, SoTHb dledd S 3T AT haR

T 6. [ Tehl STATYEAT AT o137 ch JehdTed o ST Sehdll HT THI HIIT ot 3R IqaUT
QAT AA D U 0 SAET R, ST W O U I AT ThGR AT 3|
7. AT A 0 ghr AR dpfEes 3R TdfEed ¢l

8. UV &l ST T R TAT I USd 0 Uch WhITOW b AT 0 Tl ST S SATUI |

9.0 U 3hdT H I3 TRIATSTAT 8 ITUH of Hohd &, 3R I§ 0 Udh dIG, o SaShcdl

TR T 3UAR SUShcHD o 1T TIY Pl THTSAT T I |

9.  UWIISTAT & SeTT IS Y HSAIN eI, 0 Ueh SATSHA Wl b 3elTdl, I U [oeh

el SolIT SATTIT |
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ANNEXURE - 6

CASE RECORD FORM a1

PATIENT DETAILS

Name of the patient: Registration number
Age: Sex:

Height: Weight:

Diagnosis: Comorbidities
Duration of illness Medications

Time at which last feed taken by the patient

Time at which patient was started on HFENC therapy

FINAL OUTCOME

Total duration on HFNO :

Condition of the patient at the end of HFNO therapy: improved / not improved :

Subsequent therapy : Low flow oxygen therapy / NIV / Intubation /Other

Patient Sticker Here :
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TABLE

Flow

Fi0,

0 min

10 min

20min

30 min

Air Leak in gastrum

No of peristaltic
contractions in 1 min (At

0 min and 10 min)

Anteroposterior diameter

of antrum

Transverse diameter of

antrum

Gastric volume

HR

BP

SPO,

RR
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PaOz

PaC02

Pa0,/Fi0O,

SaOz

Nausea and Vomiting

comfort
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