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ABSTRACT

Background: Patients post-cardiac surgery face multiple challenges, but poorly controlled
pain and atelectasis remain major issues that can prolong their recovery journey. The aim of
this study was to compare two protocols of postoperative care in cardiac surgery: An enhanced
recovery program consisting of high flow nasal oxygen therapy together with pectointercostal
block, versus conventional postoperative care.

Patients and Methods: Fifty adult participants above the age of 18, of either sex scheduled for
cardiac surgery who required the utilization of cardiopulmonary bypass and median sternot-
omy approach, were included in the study. The participants were divided into ERAS Care group,
where they received ultrasound-guided pectointercostal fascial plane block with subcutaneous
local anaesthesia infiltration around the mediastinal drains and were extubated onto high flow
nasal oxygen therapy (HFNO), and a Conventional (CONV) care group, where participants
received fentanyl IV bolus dose followed by fentanyl IV infusion that was continued till the
end of day zero and were extubated onto 6 L/min simple facemask.

Results: Participants in the ERAS group had shorter ICU stay, lower numeric pain rating scale
scores, less need for rescue analgesia, better oxygenation and lung aeration scores, better
patient satisfaction, and less late pulmonary complications on discharge radiological screening.
However, gastrointestinal complications and hospital stay were compared in both groups.
Conclusion: ERAS care protocol in cardiac surgery patients led to shorter ICU ventilation
periods, shorter ICU stay, better patient satisfaction and pain control, better oxygenation and
lung aeration and less atelectasis on discharge radiology.
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1. Introduction to the application system and the limitation of oxygen

Enhanced Recovery after Surgery (ERAS) is  flow to 15 I/min, which may fail to cover the minute

a multimodal, trans-disciplinary care initiative to pro-
mote the recovery of surgical patients throughout
their perioperative journey [1].

The main aims of such program are to reduce com-
plications, shorten the period of hospital stay,
reduce costs and eventually speed up the patient
return to his preoperative daily routine [2,3].

Cardiac surgery patients experience a great deal of
challenges when it comes to the postoperative period
unrelated to their cardiac performance such as respira-
tory, gastrointestinal and renal problems, which can be
exaggerated by prolonged opioid intake, ineffective
pain control and late mobilization, which will add to
the problem of their advanced age and comorbid con-
ditions, all of which will eventually increase the overall
morbidity, mortality and eventually hospital stay [4].

Traditionally, conventional oxygenation methods
were used to correct hypoxemia but they were always
experienced by the limitation of patient’s intolerance

ventilation of patients in respiratory failure and even-
tually inhaled flow is mixed with air from the atmo-
sphere dropping the fraction of inspired oxygen [5]. In
addition, oxygen is not always delivered under optimal
conditions regarding temperature and humidity [5].

High flow nasal oxygen therapy carries the benefit of
reducing the dilution of the administered oxygen [6,7],
dead space washout [7-9], the generation of continuous
positive airway pressure (CPAP) [10-13] and improving
mucociliary transport courtesy of the active humidifica-
tion and heating of the administered gas [14,15].

Utilization of regional blocks in cardiac surgery have
been shown to provide improved post-operative pain
control and decreased opiate requirements with less
possible complications [16-18].

The aim of the present study was to compare two
protocols of postoperative care: An enhanced recovery
program consisted of high flow nasal oxygen therapy
together with pectointercostal block versus conventional
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postoperative care, in cardiac surgery patients. Primary
outcome: To compare regarding the length of ICU stay,
Secondary outcome: To study the effect on the post-
operative course regarding pain intensity, postoperative
opioid consumption, systemic criteria of enhanced recov-
ery such as the early postoperative respiratory course and
gastrointestinal complications and the late postoperative
pulmonary complications.

2. Patients and methods

After approval of the Ethical Committee of Faculty of
Medicine, Alexandria University, and having an
informed written consent from patients included in
the study, 50 adult patients above the age of 18 under-
going elective cardiac surgery who required the utili-
zation of cardiopulmonary bypass and median
sternotomy approach were randomly allocated into
two groups using closed envelope method.

The patients were excluded if they had a nasal sep-
tal defect, or any form of facial deformity, showed signs
of delirium, re-operated for mediastinal collection or
bleeding, failed to fulfill extubation criteria 36 h post-
operatively, had a body mass index above 45 kg/m?, or
had postoperative severe recurrent ventricular arrhyth-
mias, low cardiac output state requiring high doses of
inotropes and/or intra-aortic balloon pump support or
a LVEF <30% at time of preoperative screening, had
preoperative severe gastrointestinal illness that greatly
affect motility, or had a history of alcohol, narcotic or
illicit drug abuse.

Induction was carried out with 5 mg Midazolam, 3-
5 upg/kg Fentanyl, 1.2 mg /kg Rocuronium, and
Sevoflurane. 1-3 pg/kg of fentanyl was used again at
skin incision, before and after cardiopulmonary bypass.

Extubation was achieved when patients met pre-
scribed protocolised extubation criteria.

In the ERAS Care group, patients received ultra-
sound-guided pectointercostal fascial plane block
using 20 ml of Bupivacaine 0.25% with 4 mg
Dexamethasone on each side of the sternum.
Additional 10 ml of Bupivacaine 0.25% was injected
subcutaneously around the mediastinal drains [19].

The patients were extubated onto HFNO with initial
settings of FiO, 0.6 and gas flow of 60 L/min. Starting
from day 1 postoperatively, patients were weaned off
the HFNO [20].

In CONV care group, patients received 1 ug/kg of IV
fentanyl bolus dose, followed by fentanyl IV infusion,
which was started at 0.5 pg/kg/h and continued till the
end of day zero.

Once patients were extubated, oxygen was deliv-
ered at 6 L/min via a simple facemask.

The need to escalate the respiratory support was
defined as respiratory rate above 30 breaths
per minute, severe dyspnea or oxygen saturation
below 92%.
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In the conventional care group, escalation was to
HFNC, NIPPV (non-invasive positive pressure ventila-
tion) or intermittent positive-pressure ventilation
(IPPV), while in the ERAS care group, escalation was
to NIPPV or IPPV, and the decision was individualized
for each patient based on his clinical condition [21].

The patients in both groups received 5 mg IV
Nalbuphine as a rescue analgesia every 3 h if their
numeric pain rating scale score was more than 5 or in
the case of break through pain.

Each patient was evaluated according to the dura-
tion of mechanical ventilation postoperatively, dura-
tion of ICU stay, duration of hospital stay.

Pain intensity was assessed using the Numeric pain
rating scales (NPRS) scores in an 8-hinterval post extu-
bation till the end of day 1’ with reviewing the need of
rescue nalbuphine shoots on days zero and 1 [22].

Hypoxic index was calculated in the first 48 h post-
extubation, and the mean data were collected every
12 h [23].

Lung aeration was assessed on day 1 using modified
radiological atelectasis score from a plain posteroanter-
ior chest radiology [24], where each lobe (including the
lingula) was scored 0-3, where Normal was scored zero,
Plate or minor infiltrate was scored 1, Moderate atelec-
tasis was scored 2 and Total atelectasis was scored 3 [24].

Lung aeration was assessed on day 2 using the
Modified lung ultrasound score, where each hemi-
thorax is divided into three compartments by the ante-
rior and posterior axillary lines and then into upper and
lower ones, where normal aeration was scored no
points, moderate loss of aeration with multiple well-
defined B-lines was scored 1 point, severe loss of aera-
tion with multiple coalescent B-lines was scored 2
points and lung consolidation was scored 3 points [25].

A mean respiratory rate was calculated at 12 h inter-
val in 48 h post-extubation.

Patient comfort was assessed at 1 and 8 h post-
extubation using a modified Borg scale where 0 meant
no dyspnea to 10 that meant maximal dyspnea [4].

The need to escalate respiratory support and the
Gastrointestinal complications were assessed for their
presence or absence as well as late pulmonary compli-
cations, which was diagnosed by chest radiology
on day 7 post-operative or on discharge.

3. Statistical analysis of the data [26]

Data were fed to the computer and analyzed using IBM
SPSS software package version 20.0. (Armonk, NY: IBM
Corp) [27]. Qualitative data were described using num-
ber and percent. The Kolmogorov-Smirnov test was
used to verify the normality of distribution
Quantitative data were described using range (mini-
mum and maximum), mean, standard deviation and
median. Significance of the obtained results was judged
at the 5% level.
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4. Results

53 participants were enrolled in the study, 3 of which
were soon excluded due to failure of follow up. The
remaining 50 participants were randomly allocated
into two equal groups using the closed envelope
method (Figure 1).

The Department of Statistics, Medical Research
Institute, University of Alexandria approved the sample
size to be sufficient.

Participants in both groups were comparable
regarding age, gender and BMI.

Regarding the duration of mechanical ventila-
tion postoperatively, it seems to be statistically
shorter in the ERAS care group (p valve =0.002)
(Figure 2).

Regarding the duration of ICU stay, participants in
the ERAS care group had a shorter stay (P value =0.003),
however both groups were comparable regarding the
duration of hospital stay.
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Figure 1. Study flow chart.
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Figure 2. Comparison between the two studied groups according to duration of ICU stay.



Participants in the CONV care group showed statisti-
cally higher scores regarding numeric pain rating scales
throughout all readings (P value <0.001 in all readings)
and 72% of its participants needed nalbuphine recuse
shoots, compared to 32% in the ERAS group. (Figure 3)

Regarding the hypoxic index, the first mean index
calculated 12 h postextubation was compared in both
groups, however, further readings were all statistically
higher in the ERAS care group (P value = 0.033, 0.008
and 0.001).

Both the modified radiological atelectasis score and
the modified lung ultrasound score were statistically
significantly higher among the CONV. care group par-
ticipants when compared with the ERAS care group (P
value =0.005 and <0.001, respectively) (Table 1).

Only the mean respiratory rate calculated on the 2™
24 h post-extubation was statistically significantly
higher in the CONV care group (P value = 0.004 and
0.002) while other mean readings calculated in the first
24 h postextubation were comparable.

Regarding the patients comfort that was assessed
using the modified Borg score, both readings were
statistically significantly higher among the CONV.
Care group participants. (p value =0.007, <0.001)
(Figure 4)
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The need for escalation of the respiratory support
was statistically significantly higher in the CONV Care
group (P value =0.009) with 56% of the participants
needed such escalation compared with only 20% in
the ERAS care group. (Table 2)

The incidence of gastrointestinal complication in
the post-operative journey was comparable in both
groups, however, the ERAS group showed statistically
significantly less abnormal findings on the radiological
screening done before discharge (p value = 0.015) with
only 16% of the participants having such findings
compared to 48% in the other group.

5. Discussion

The postoperative course in cardiac surgery is filled
with multiple challenges that if left unattended, the
journey would indeed be a long and
a complicated one.

The ERAS-based protocol led to an earlier extubation
when compared to the conventional care protocol.

In accordance with the present study, Rahman et al
[28], in their study concluded that parasternal wound
infiltration with long acting local anaesthetic
Bupivacaine facilitated early extubation.
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Figure 3. Comparison between the two studied groups according to Numeric pain rating scales (NPRS).

Table 1. Comparison between the two studied groups according to modified radiological atelectasis score and modified lung

ultrasound score.

ERAS care group (n = 25) CONV care group (n = 25) U p
Modified radiological atelectasis score
Mean + SD. 3.16 £ 3.39 5.36 £ 298 170.50* 0.005*
Median (Min. - Max.) 3.0 (0.0- 15.0) 5.0 (1.0- 12.0)
Modified lung ultrasound score
Mean + SD. 9.68 £ 6.14 16.04 + 4.45 108.0* <0.001*
Median (Min. - Max.) 8.0 (4.0- 27.0) 16.0 (9.0~ 24.0)

SD: Standard deviationU: Mann Whitney test
p: p value for comparing between the two studied groups
*: Statistically significant at p < 0.05
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Figure 4. Comparison between the two studied groups according to assessment of patient comfort.

Table 2. Comparison between the two studied groups accord-
ing to assessment of the need to escalate respiratory support.

ERAS CONV
care care
group group
(n=25) (n=25)

Assessment of the need to
escalate respiratory support No. % No. % X p

Absence 20 80.0 11 44.0 6.876* 0.009*
Present 5 200 14 56.0

X% Chi square test

p: p value for comparing between the two studied groups

*: Statistically significant at p < 0.05

Also, Saeidi et al [29], in their study noted that
parasternal single injection of bupivacaine in early
postoperative period can facilitate earlier ventilator
weaning and tracheal extubation.

ICU stay was significantly shorter among the ERAS
care group participants in comparison with the CONV
care group with a P value of 0.003. However, the dura-
tion of hospital stay was comparable in both groups.

Zhang et al [30], in their study concluded that pectoin-
tercostal block led to shorter ICU stay in accordance with
the present study but in contrary with it, they concluded
that it also led to shorter hospital stay. The same results
were noted by Abdelmaboud [31] in his study.

Such discrepancy in the findings between the pre-
sent study and the two previously mentioned studies
regarding the duration of hospital stay may be caused
by the fact that the decision of home discharge in our
centre was purely a surgical one, and that patients
were kept in the hospital for multiple reasons like wait-
ing for a scheduled follow up echo or for wound and
CRP follow up.

The numeric pain rating scale scores were dramati-
cally significantly lower in the ERAS care group with a p
value of <0.001 in all readings when compared to the

other group with less participants needed rescue
doses of nalbuphine in that group versus the CONV
care group participants.

This concurs with Rahman et al [28], as in their
study, the mean visual analogue scale was significantly
(P < 0.001) lower in the Bupivacaine group with zero
requirement of rescue pain medication, compared to
53.3% of the participants in the Placebo group needing
rescue pain medication.

In addition, Zhang et al [30] noted similar findings
among their intervention group participants with
lower Numerical Rating Scale (NRS) pain scores at 24
h after the operation both at rest and during coughing
when compared to their control group.

Oxygenation (hypoxic index) was found to be sig-
nificantly better in the ERAS care group participants in
all readings except for that calculated 12 hours post-
extubation.

This does not concur with work done by Rahman
et al [28], and Saeidi et al [29], who noted improved
oxygenation in the intervention group participants in
all of their readings.

Non-concurring finding was also revealed by Vourc’h
et al [32], who compared HFNO with a Hudson non-
rebreathing face mask in 90 cardiac surgery patients,
where the HFNO group showed higher PaO,/FiO, (by
22-26%) at 6 and 24 h postextubation.

On the other hand Theologou et al [33], in their
study, comparing High Flow Oxygen Therapy versus
Conventional Oxygen Therapy post-cardiac surgery,
concluded that there was no statistically significant
difference in the hypoxic index between different
groups. They explained such finding by the incidence
of participants switching from conventional oxygen
therapy group to the high flow nasal cannula groups.



In the present study, participants in the ERAS care
group showed better lung aeration proved by lower
scores in modified radiological atelectasis score and
modified lung ultrasound score.

In accordance with the present study, Lee et al [34]
in their study concluded that the preventive use of
HFENC after surgery improved the lung ultrasound
score compared to conventional oxygen therapy in
infants and small children.

However, in contrast to the present study, Du et al
[35], in their study, concluded that there was no signifi-
cant difference in radiological atelectasis score between
the HFNC group participants and the control ones.

The respiratory rate was comparable in both groups
in the first 24 h and significantly lower among the ERAS
group participants over the next 24 h.

In contrary to the present study, Vourc’h et al [32], in
their study, noted a statistically lower respiratory rate
(by 14%) at 24 h in the high flow nasal cannula group,

Such discrepancy might be explained by the fact
that in the present study, respiratory complications
usually develop later on day 1 were long-term uncon-
trolled pain and unaddressed atelectasis start to show
their effect on respiratory rate.

Participants showed better satisfaction and comfort
as measured by the modified Borg score in the ERAS
care group.

This concurs with the studies done by Vourc'h et al
[32], and Maggiore et al [36], where they both reported
improvement in patients’ comfort among participants
in the HFNC groups,

In the present study, roughly three times the num-
ber of participants in the CONV care group required
escalation of the respiratory support compared to the
ERAS care ones.

This concurs with Vourc’h et al [32] and Maggiore
et al [36], who both noted a less frequent need for NIV
or reintubation in the HFNC group, with no differences
in ICU mortality.

However, in contrast to the present study,
Theologou et al [33], in their study, demonstrated no
statistically significant difference between both the
intervention and control group.

In the present study, participants in the ERAS care
group showed better lung aeration proved by lower
scores in modified radiological atelectasis score and
modified lung ultrasound score.

In accordance with the present study, Lee et al [34],
in their study concluded that the preventive use of
HFENC after surgery improves the lung ultrasound
score compared to conventional oxygen therapy in
infants and small children.

However, in contrast to the present study, Du et al
[35], in their study, concluded that there was no signifi-
cant difference in radiological atelectasis score between
the HFNC group participants and the control ones.
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In the present study, gastrointestinal complication
was comparable in both groups.

This concurs with the study of Chen et al [37],
regarding ultrasound-guided regional anaesthesia for
postoperative median sternotomy pain.

In the present study, participants in the CONV care
group showed more findings in the predischarge radi-
ological screening. Atelectasis was by far the most
common finding.

This did not concur with Du et al [35], in their study,
they concluded that HFNC had no difference in
improving atelectasis.

However it concurs with Lee et al [34], in their study,
they concluded that the preventive use of HFNC after
surgery reduces postoperative atelectasis compared to
conventional oxygen therapy in infants and small
children.

This study had its limitations including the single-
centre design and the relatively small sample size of
participants, not taking into account the possibility of
break through pain with coughing or mobilization, and
the lack of escalation in pain management other than
nalbuphine intravenously.

In conclusion, ERAS protocol in cardiac surgery
patients led to shorter ICU ventilation period, shorter
ICU stay, better patient satisfaction and pain control,
better oxygenation and lung aeration and less atelec-
tasis on discharge radiological.

Abbreviations

ERAS: Enhanced recovery after surgery, CONV: Conventional,
HFNO: High flow nasal Oxygen therapy, IV: Intravenous, ICU:
Intensive care unit, CPAP: Continues positive airway pressure,
LVEF: Left ventricular ejection fraction, Fio,. Fraction inspired
oxygen, NIPPV: Noninvasive positive pressure ventilation,
IPPV: Intermittent positive pressure ventilation, NPRS:
Numeric pain rating scales, BMI: Body mass index, CRP:
C-Reactive protein, Pao,: Partial pressure of oxygen, NIV:
Noninvasive ventilation, HFNC: High flow nasal cannula.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

References

[1] Ljungqvist O, Scott M, Fearon KC, et al. Enhanced
recovery after surgery: a review. JAMA Surg. 2017;152
(3):292-298.

[2] Spanjersberg WR, Reurings J, Keus F, et al. Fast track
surgery versus conventional recovery strategies for
colorectal surgery. Cochrane Database Syst Rev.
2011;(2):CD007635.

[3] Stone AB, Grant MC, Pio Roda C, et al. Implementation
costs of an enhanced recovery after surgery program
in the United States: a financial model and sensitivity



416 M. 1. A. E-A. HALWAG ET AL.

(o

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

[18]

19

[20]

analysis based on experiences at a quaternary aca-
demic medical center. J Am Coll Surg. 2016;222
(3):219-225.

Liu JF, Lee HM, Chen JO, et al. Benefits of Multiple-
Intervention Pulmonary Rehabilitation to Older Adults
with High-Risk Multimorbidity after Coronary Artery
Bypass  Grafting. In:  Healthcare (Vol. 8).
Multidisciplinary Digital Publishing Institute; 2020
Dec. p. 368. No. 4.

O'Driscoll BR, Howard LS, Davison AG, et al. BTS guide-
line for emergency oxygen use in adult patients.
Thorax. 2008;63(Suppl 6):vi1-68.

Wettstein RB, Shelledy DC, Peters JI, et al. Delivered
oxygen concentrations using low-flow and high-flow
nasal cannulas. Respir Care. 2005;50(5):604-609.
Dysart K, Miller TL, Wolfson MR, et al. Research in high
flow therapy: mechanisms of action. Respir Med.
2009;103(10):1400-1405.

Lund J, Holm-Knudsen RJ, Nielsen J, et al. [Nasal cathe-
ters versus hudson face mask in oxygen therapyl.
Ugeskr Laeger. 1996;158(28):4077-4079.

Ricard JD. High flow nasal oxygen in acute respiratory
failure. Minerva Anestesiol. 2012;78(7):836-841.
Corley A, Caruana LR, Barnett AG, et al. Oxygen deliv-
ery through high-flow nasal cannulae increase
end-expiratory lung volume and reduce respiratory
rate in post-cardiac surgical patients. Br J Anaesth.
2011;107(6):998-1004.

Chatila W, Nugent T, Vance G, et al. The effects of
high-flow vs low-flow oxygen on exercise in advanced
obstructive airways disease. Chest. 2004;126
(4):1108-1115.

Parke R, McGuinness S, Eccleston M, et al. Nasal
high-flow therapy delivers low level positive airway
pressure. Br J Anaesth. 2009;103(6):886-890.

Groves N, Tobin A. High flow nasal oxygen generates
positive airway pressure in adult volunteers. Aust Crit
Care. 2007;20(4):126-131.

Sim MA, Dean P, Kinsella J, et al. Performance of oxy-
gen delivery devices when the breathing pattern of
respiratory failure is simulated. Anaesthesia. 2008;63
(9):938-940.

Salah B, Dinh Xuan AT, Fouilladieu JL, et al. Nasal
mucociliary transport in healthy subjects is slower
when breathing dry air. Eur Respir J. 1988;1
(9):852-855.

Warfield CA, Kahn CH. Programs in U.S. hospitals and
experiences and attitudes among U.S. adults.
Anesthesiology. 1995;83(5):1090-1094. Acute pain
management.

American Society of Anesthesiologists Task Force on
Acute Pain Management. Practice guidelines for acute
pain management in the perioperative setting: an
updated report by the American society of anesthe-
siologists task force on acute pain management.
Anesthesiology. 2004;100(6):1573-1581.

Olivier JF. Neuraxial analgesia in cardiac surgery:
a review of risks. Tech Reg Anesth Pain Manag.
2008;12(1):26-31.

de la Torre PA, Garcia PD, Alvarez SL, et al. A novel
ultrasound-guided block: a promising alternative for
breast analgesia. Aesthet Surg J. 2014;34(1):198-200.
Good Clinical Practice (GCP). High flow oxygen therapy
versus conventional oxygen therapy in cardiac surgery
patients-opticar study: high flow oxygen therapy ver-
sus conventional oxygen therapy in cardiac surgery

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

311

[32]

[33]

[34]

[35]

patients. 2019. Available from: [Accessed In: Jun,
2021]. https://ichgcp.net/clinical-trials-registry
/NCT03282552.

Tulla H, Takala J, Alhava E, et al. Respiratory changes
after open-heart surgery. Intensive Care Med. 1991;17
(6):365-369.

Zubrzycki M, Liebold A, Skrabal C, et al. Assessment
and pathophysiology of pain in cardiac surgery. J Pain
Res. 2018;11:1599-1611.

Tusman G, Acosta CM, Costantini M, et al.
Ultrasonography for the assessment of lung recruit-
ment maneuvers. Crit Ultrasound J. 2016;8(1):8.
McGuinness S, Parke R. A new system for assessing
atelectasis on chest X-ray after sternotomy for car-
diac surgery. Am J Respir Crit Care Med. 2011;183:
A1679.

Lee J. Lung ultrasound in critically ill patients. Korean
J Crit Care Med. 2016;31(1):4-9.

Kotz S, Balakrishnan N, Read CB, et al. Encyclopedia of
statistical sciences. 2nd ed. Hoboken, New Jersey:
Wiley-Interscience; 2006.

Kirkpatrick LA, Feeney BC. A simple guide to IBM SPSS
statistics for version 20.0. Student ed. Belmont, Calif:
Wadsworth, Cengage Learning; 2013.

Rahman SU, Siddigi TA, Husain A, et al. Efficacy of
parasternal injection of bupivacaine on postopeartive
pain for early extubation in patients undergoing cor-
onary artery bypass surgery. J Cardiol Curr Res. 2016;6
(4):00210.

Saeidi M, Aghadavoudi O, Sadeghi MM, et al. The
efficacy of preventive parasternal single injection of
bupivacaine on intubation time, blood gas para-
meters, narcotic requirement, and pain relief after
open heart surgery: a randomized clinical trial study.
J Res Med Sci. 2011;16(4):477-483.

Zhang Y, Gong H, Zhan B, et al. Effects of bilateral
pecto-intercostal fascial block for perioperative pain
management in patients undergoing open cardiac
surgery: a prospective randomized study. BMC
Anesthesiol. 2021;21(1):175.

Abdelmaboud MA. Analgesic efficacy of continuous
subcutaneous presternal bupivacaine infusion vs
ultrasound-guided bilateral pectoral nerve block in
poststernotomy pain. Sci J Al-Azhar Med Fac Girls.
2020;4(3):320-325.

Vourc’h M, Nicolet J, Volteau C, et al. High-flow ther-
apy by nasal cannulae versus high-flow face mask in
severe hypoxemia after cardiac surgery: a
single-center randomized controlled study-the
HEART FLOW study. J Cardiothorac Vasc Anesth.
2020;34(1):157-165.

Theologou S, Ischaki E, Zakynthinos SG, et al. High flow
oxygen therapy at two initial flow settings versus con-
ventional oxygen therapy in cardiac surgery patients
with postextubation hypoxemia: a single-center,
unblinded, randomized, controlled trial. J Clin Med.
2021;10(10):2079.

Lee JH, Ji SH, Jang YE, et al. Application of a high-flow
nasal cannula for prevention of postextubation atelec-
tasis in children undergoing surgery: a randomized
controlled trial. Anesth Analg. 2021;133(2):474-482.
Du X, Yang C, Pan P, et al. [Effect of high-flow nasal
cannula oxygen therapy on improving the atelectasis
in adults after cardiac surgeries: a meta-analysis].
Zhonghua Wei Zhong Bing Ji Jiu Yi Xue. 2018;30
(8):748-753.


https://ichgcp.net/clinical-trials-registry/NCT03282552
https://ichgcp.net/clinical-trials-registry/NCT03282552

EGYPTIAN JOURNAL OF ANAESTHESIA 417

[36] Maggiore SM, Idone FA, Vaschetto R, et al. Nasal [37]1 Chen H, Song W, Wang W, et al. Ultrasound-guided
high-flow versus venturi mask oxygen therapy after parasternal intercostal nerve block for postoperative
extubation. Effects on oxygenation, comfort, and clin- analgesia in mediastinal mass resection by median ster-
ical outcome. Am J Respir Crit Care Med. 2014;190 notomy: a randomized, double-blind, placebo-controlled

(3):282-288. trial. BMC Anesthesiol. 2021;21(1):98.



	Abstract
	1. Introduction
	2. Patients and methods
	3. Statistical analysis of the data [<xref ref-type="bibr" rid="cit0026">26</xref>]
	4. Results
	5. Discussion
	Abbreviations
	Disclosure statement
	References



