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Background: Extubation at the end of general anaesthesia (GA) should be performed in a way that ensures patient comfort

and minimises cardiorespiratory changes to prevent harm. Several drugs have been shown to attenuate these changes during
emergence. This study aimed to investigate if a sub-hypnotic dose of propofol can produce such favourable peri-extubation

conditions.

Methods: A total of 50 American Society of Anesthesia (ASA) physical status |-l patients (aged 18-70) undergoing elective
abdominal or pelvic surgery under GA with a volatile agent were randomly assigned to a propofol group (n = 28) or a control

group (n = 22). At the end of the surgery, once the minimal alveolar concentration reached 0.6, patients received either propofol

0.5 mg kg™ or an equivalent volume of 0.9% normal saline intravenously (IV). The primary outcome was the incidence and severity

of bucking and coughing observed during emergence, with the assessment performed by a blinded anaesthetist. Haemodynamic
parameters, airway responses, extubation complications, and time to extubation were evaluated during the emergence period at

predetermined intervals.

Results: The demographic and clinical characteristics of the two groups were comparable before surgery. Results indicated the

incidence and severity of bucking at extubation were significantly lower in the propofol group (21.4%) compared to the control
group (68.2%, p < 0.001). Similarly, patients in the propofol group had significantly fewer heart rate (HR) (p = 0.031) and systolic

blood pressure (BP) (p = 0.031) changes at extubation.

Conclusion: The addition of propofol 0.5 mg kg™’ before extubation successfully attenuated cardiorespiratory responses following

GA in ASA Grade I|-Il adult patients undergoing elective abdominal or pelvic surgery, but did not reduce the overall incidence of

cough at extubation.
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Introduction

Tracheal extubation represents a critical point at the end of
general anaesthesia (GA). The process is associated with transient
physiological changes that trigger a range of cardiovascular
and respiratory responses.’? While the physiological changes
are well tolerated by most patients, they can be harmful.
Adverse cardiovascular outcomes include cardiac arrhythmias,
tachycardia, hypertensive as well as hypotensive periods,
myocardial ischaemia, and a prolonged increase in myocardial
oxygen consumption.? Adverse respiratory sequelae include
coughing, bucking, laryngospasm, bronchospasm, apnoea, and
desaturation.?® Avoiding adverse cardiorespiratory responses
at extubation is a key concern for anaesthetists. Furthermore,
procedures involving microsurgery require a smooth emergence
without coughing or straining.3 Antitussive strategies at
extubation have become particularly relevant in the era of
the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) due to its aerosol generation and the associated risk to
healthcare professionals.*

A variety of technical methods and pharmacological agents
have been shown to facilitate smooth extubation with
minimal cardiovascular and respiratory responses. Some of

the more frequently studied intravenous (IV) agents that have
demonstrated effectiveness in attenuating cardiorespiratory
responses at extubation include lignocaine, alpha-2 adrenergic
agonists, calcium channel blockers, beta blockers, and opioids.>¢
Non-pharmacological strategies include removing the tracheal
tube (TT) while the patient is in a deep plane of anaesthesia,
performing Bailey’s manoeuvre, and performing a “no-touch”
technique.’

More recently, the use of propofol (2,6-diisopropylphenol) to
minimise cardiorespiratory responses and facilitate smooth
emergence following extubation has been studied.®'” Propofol
is listed on the World Health Organization (WHO) essential
drugs list and is readily available in operating theatres in many
countries; relatively inexpensive compared to newer anaesthetic
drugs, and there are few contraindications to its use.'® Sub-
anaesthetic doses of propofol are known to induce sedative and
anxiolytic effects in a dose-dependent manner, while its anti-
emetic properties reduce the incidence of nausea and vomiting
after GA.'® Its administration is associated with the blunting of
airway reflexes, allowing for its use as an effective treatment for
laryngospasm at extubation.'®'2 Results from several studies
have shown that a sub-hypnotic dose of propofol significantly
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reduced cardiorespiratory changes in patients following extu-
bation compared to control groups.®'3

However, these findings have not been universal, with other
studies using similar protocols finding either no significant effect
or showing non-superior effects when compared with other
interventions.81416

Considering the high incidence of coughing at extubation with
potentially serious consequences at the time of TT manipulation,
this study aimed to investigate the efficacy of a sub-hypnotic
dose of propofol in attenuating the cardiorespiratory response
to extubation.> We hypothesised that the incidence and
severity of bucking and coughing would be significantly lower
in adult patients who received a low dose of propofol IV (0.5
mg kg') compared to those who received a placebo during
emergence from TT extubation following GA. Haemodynamic
parameters, airway complications, and time to extubation were
also evaluated during emergence.

Methods
Ethical approval

Ethical approval was obtained from the Human Research Ethics
Committee (Medical) of the University of the Witwatersrand
prior to commencement (ethics number: M210232 obtained on
22 April 2021; National Health Research Database study number:
GP_202101_034). Informed written consent was obtained
from each participant before participating in the study. Patient
confidentiality was maintained throughout the study.

Study design and participants

A prospective, randomised, placebo-controlled, parallel-group
trial with single blinding was conducted. Adult patients (aged
18-70) who presented for elective abdominal or pelvic surgery
under GA at the Chris Hani Baragwanath Academic Hospital
in South Africa from April to October 2021 were invited to
participate in the study. Patients were required to have an ASA
physical status I-Il. Patients with contraindications to receiving
propofol, hypotension at the end of surgery, or for whom
different extubation plans (e.g. deep extubation, extubation in
ICU) were required were excluded from the study. Patients were
randomly allocated to either the intervention group (propofol)
or the control group (placebo) with a 1:1 allocation ratio. Simple
randomisation was performed once the patient was in theatre by
the study’s principal investigator, K Wakabayashi (KW), using the
“RandomlZE" application program. KW generated all allocation
sequences, enrolled patients, and assigned them to either group.
Concealment of group allocation was achieved by restricting
access to the enrolment results of the application program to
all other assessors. Patients and outcome assessors were kept
blinded to their group allocation.

Sample size calculations, based on the incidence of post-
extubation cough from previous studies, indicated a sample
of 22 patients per group would sufficiently power the study
to detect a 33% difference in cough between the two groups,

assuming an a-level of 0.05 and power (f3) of 80%.'*'* Once both
groups achieved their enrolment targets of a minimum of 22
patients using simple randomisation, the study was stopped.

All patients were nil per os for eight hours preoperatively, and
no anxiolytic premedication was administered. Once in the
operating room, non-invasive BP, pulse oximetry, temperature,
end-tidal carbon dioxide (EtCO,), and electrocardiogram (ECG)
were monitored at 1-3-minute intervals. Anaesthesia was
induced with 1-2 mcg kg™ fentanyl and 2.5 mg kg™ propofol IV.
Once the patient became unconscious, 0.6 mg kg™ rocuronium
was administered IV and tracheal intubation was performed.
Anaesthesia was maintained with a low-flow mixture of oxygen,
medical air, and sevoflurane to maintain a minimum alveolar
concentration (MAC) of 1.0, with controlled ventilation to achieve
an EtCO, of 35-45 mmHg. Vital signs were maintained within
20% of their baseline values intraoperatively until emergence,
and analgesia was provided with 0.1 mg kg’ morphine IV and
1 g paracetamol IV. Supplemental analgesia with 1 mcg kg™
fentanyl boluses IV was provided as necessary. At the end of
the surgery, a standardised extubation was performed, which
included gentle oropharyngeal suction under direct vision,
discontinuation of sevoflurane and manual ventilation with
95% oxygen. The level of neuromuscular paralysis was assessed
using train-of-four (TOF) stimulation monitoring. Once a TOF
count of three or four was measured, neostigmine 2.5 mg and
glycopyrrolate 0.4 mg IV were administered. Two anaesthetists
were involved in the extubation process. At a MAC value of 0.6,
the second anaesthetist was asked to leave the operating theatre
momentarily, while the first anaesthetist (KW) administered
either propofol (0.5 mg kg™) or placebo (equivalent volume of
0.9% normal saline) to the patient. Once the intervention was
completed, the second anaesthetist returned, and KW continued
with the standardised extubation, by allowing the patient to
emerge without further stimulation.

The second anaesthetist, who was blinded to the intervention,
recorded a set of data during the emergence and extubation
process.

The primary endpoint was measured by separately recording the
amount and severity of bucking and coughing against TT using a
modified Minogue scale:?°

i. Grade 1 indicated no coughing or bucking.
ii. Grade 2 indicated one to two coughs or bucking.

iii.Grade 3 indicated sustained coughs or bucking less than
five seconds.

iv.Grade 4 indicated severe or repetitive coughing or bucking
lasting longer than five seconds.

Cardiorespiratory parameters, including systolic, diastolic, and
mean arterial BP, HR, and pulse oximetry, as well as the time to
emergence, were recorded throughout the extubation process.
Once the patient opened their eyes with purposeful movement,
with a TOF ratio > 0.9 and adequate spontaneous ventilation,
the TT was removed. Oxygen supplementation was continued
for 1-5 minutes. Cardiorespiratory complications including
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laryngospasm, bronchospasm, tachycardia, and hypertension
were recorded during extubation and treated if necessary. The
patient was then transferred to the post-anaesthesia care unit
(PACU). During the PACU stay, a final set of vitals was recorded.

Data analysis

Completed assessment forms were entered into a Microsoft Excel
database once data collection was complete and exported into
Stata 14.2 (StataCorp. 2015, College Station, TX, USA) for analysis.
The demographic and clinical profiles of enrolled patients
included in the analysis were described using descriptive
statistics (frequencies and percentages for categorical data) as
well as means and standard deviations for continuous variables.
These descriptive analyses were compared to those in the
intervention and control groups and assessed the adequacy of
randomisation.

The effect of low-dose propofol was determined using a
generalised linear model appropriate for the frequency of cough
and poor (>20% change from baseline) haemodynamic response.
Univariate and multivariate correlation analyses were used to
identify factors (independently and in combination) associated
with cough, bucking, and poor haemodynamic responses as a
composite outcome, adjusting for the intervention arm and
other covariates.

Differences between the two groups were assessed using
the Student’s unpaired t-test for continuous data, the Mann-
Whitney U test for non-normally distributed continuous data,
and the chi-squared test for categorical data. A value of p < 0.05
was considered statistically significant.

The report was prepared in line with the CONSORT guidelines
for reporting randomised control trials, as stipulated in the
EQUATOR Network.

Results

A total of 62 patients aged 18 years and older were screened
and 50 patients enrolled during the study period. Of these, 28
(56%) were randomised into the propofol group and 22 (44%)
into the control group (Figure 1). All patients completed the
study, and assessor blinding was maintained throughout. Key
demographic and clinical characteristics of participants are
summarised in Table |, and the two groups were comparable,
with no significant differences in age, sex, ASA physical status, or
time from intervention to extubation.

Frequency and severity of bucking and coughing at
extubation

Overall, 21 participants experienced severe bucking, rep-
resenting an incidence of 42% (95% confidence interval [Cl]
28.8-56.4%), while nine participants had a severe cough at
extubation equating to an incidence of 18% (95% Cl 9.4-31.7%).
The coughing severity scores were significantly lower in the
propofol versus the control group (1.43% vs 2.09%; p = 0.003)
(Figure 2A) and there were fewer complications at extubation
(21.4% vs 50.0%; p = 0.034). Participants in the propofol group
also experienced significantly less bucking and had significantly
lower bucking severity scores compared to the control group
(21.4% vs 68.2%; p = 0.001; and 1.93% vs 2.95%; p < 0.001) (Figure
2B).

Assessed for eligibility (n = 62)

Excluded (n=12)

« Not meeting criteria (n = 8)

- Declined to participate (n = 4)
« Otherreasons (n=0)

Randomised (n = 50)

{

Allocated to intervention (n = 28)
« Received low-dose Propofol (n = 28)

A Allocation Y

Lost to follow-up (n = 0)
- Discontinued intervention (n = 0)

\ Follow-up Y

Allocated to control (n = 22)
Received placebo (n =22)

Lost to follow-up (n = 0)
« Discontinued placebo (n =0)

| o

Analysed (n = 28)
+ Excluded from analysis (n = 0)

Analysed (n =22)
« Excluded from analysis (n = 0)

Figure 1: Consolidated standards of reporting trials flow diagram of patient selection
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Table I: Patient demographics and clinical characteristics of the primary analysis (presented as either frequency, number and percentage of the

total, or mean, standard deviation)

Propofol (n = 28) Placebo (n =22) p-value
Age (years) (mean + SD) 49.0+16.9 485+ 12.7 0.917
Sex, male (n, %) 14 (50) 11 (50) 1.000
ASA status
ASA | (n, %) 7 (25) 7(31.8) 0.594
ASA Il (n, %) 21 (75) 15 (68.2)
One or more comorbidities (n, %)
No 9(32.1) 11 (50 0.201
Yes* 19 (67.9) 11 (50)
One or more risk factors at extubation (n, %)
No 17 (60.7) 15 (68.2)
Yes** 11(39.3) 7(31.8) 0385
Time from intervention to extubation in minutes 1+35 13452 0175
(mean £ SD)
SD - standard deviation
*HIV, hypertension, diabetes, obesity, anaemia
**Includes morbid obesity, recent URTI, smoking
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Propofol (n = 28) Placebo (n = 22) p-value
Bucking severity score (mean + SD) 1.93+0.81 2.95 +0.90 < 0.001***
Severe bucking (n, %) 0.001**
No 22(78.6) 7(31.8)
Yes 6(21.4) 15 (68.2)
Coughing severity score (mean % SD) 1.43+0.79 2.09 £ 0.68 0.003**
Severe coughing (n, %) 0.180
No 25(82.3) 16 (72.7)
Yes 3(10.7) 6(27.3)
Extubation complications (n, %) 0.034*
No 22 (78.6) 11 (50.0)
Yes 6(21.4) 11 (50.0)

Figure 2: Incidence and severity scores of coughing and bucking at extubation
(A) Comparison of frequency and severity grade of coughing between the placebo and propofol groups at extubation
(B) Comparison of frequency and severity grade of bucking between the placebo and propofol groups during emergence

(C) Representation of composite outcomes of bucking and coughing severity scores (Grade 3-4), the incidence of severe bucking and coughing, and incidence of extubation complications (tachycardia,

hypertension, hypotension, laryngospasm, bronchospasm, desaturation, apnoea, vomiting, sore throat)

*p < 0.05
**p <0.01
**¥p < 0.005

Grade 1 - no coughing or bucking, Grade 2 - one to two coughs or bucking, Grade 3 - sustained coughs or bucking less than five seconds, Grade 4 - severe or repetitive coughing or bucking lasting

longer than five seconds, SD - standard deviation
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Measurement intervals Measurement intervals
E
Propofol (n = 28) Placebo (n = 22) p-value
Heart rate bpm, (mean + SD) 86.5+17.0 973+17.3 0.031*
Systolic blood pressure in mmHg (mean t SD) 126.8+16.4 139.2+23.0 0.031*
Diastolic blood pressure in mmHg (mean % SD) 76.1+15.8 8161141 0.207
Mean arterial pressure in mmHg (mean £ SD) 92.4+14.2 102.0 £+ 18.7 0.044*
Oxygen saturation in % (mean £ SD) 97.4+2.2 97.8+2.6 0.570
F
X2 test
Propofol (n =28 Placebo (n = 22
pofol ( ) ( ) p-value
Significant HR response to extubation (n, %)
No 21 (75.0) 9 (40.9) 0.015*
Yes 7 (25.0) 13 (59.1)
Significant SBP response to extubation (n, %)
No 20(71.4) 14 (63.6) 0.058
Yes 8 (28.6) 8 (36.4)
Significant DBP response to extubation (n, %)
No 15 (53.6) 12 (54.6) 0.945
Yes 13 (46.4) 10 (45.4)
Significant MAP response to extubation (n, %)
No 16 (57.1) 15 (68.2) 0.425
Yes 12 (42.9) 7 (31.8)

Figure 3: Haemodynamic changes from baseline measurement through emergence, extubation, and in PACU stay

(A) Comparison of HR changes between the placebo and propofol groups during emergence up until PACU (p = 0.03 at extubation)

(B) Comparison of mean arterial pressure changes between the placebo and propofol groups during emergence up until PACU (p = 0.044 at extubation)

(C) Comparison of systolic pressure changes between the placebo and propofol groups during emergence up until PACU (p = 0.03)

(D) Comparison of diastolic pressure changes between the placebo and propofol groups during emergence up until PACU

(E) Representation of mean differences of haemodynamic measures between the placebo and propofol groups at extubation

(F) Representation of composite haemodynamic changes from baseline to extubation between the placebo and propofol groups; a significant response was defined as a change of > 20% from the
baseline

*p <0.05

HR - heart rate, MAP — mean arterial pressure, SBP - systolic blood pressure, DBP - diastolic blood pressure, PACU - post-anaesthesia care unit, SD - standard deviation
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There were, however, no differences between the two groups
in the incidence of severe coughing (83.3% vs 72.7%; p = 0.18).
The incidence and severity scores of coughing, bucking, and
complication rates for both groups at extubation are summarised
in Figure 2C. No differences in apnoea, desaturation, aspiration,
vomiting, hypotension, and sore throat were observed
between both groups during the PACU stay (78.6% vs 90.9%;

p=0.238).
Haemodynamic changes at extubation

Compared to the control group, patients in the propofol group
had significantly lower HR at extubation (86.5 bpm vs 97.3 bpm;
p = 0.031) (Figure 3A). They also exhibited significantly less rise
in systolic BP compared to the control group (126.8 mmHg vs
139.2 mmHg; p = 0.031) (Figure 3C) and had lower mean arterial
pressure readings (92.4 mmHg vs 102.0 mmHg; p = 0.044) at
extubation (Figure 3B). Diastolic BP changes did not significantly
differ between the two groups (Figure 3D). More patients in
the control group exhibited an increase in HR at extubation
compared to the propofol group (59.1% vs 25.0%; p = 0.015)
(Figure 3F), although no other significant differences between
the two groups were observed. The haemodynamic measures at
extubation are summarised in Figure 3E.
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Correlation between cardiac and respiratory changes at
extubation

Analysis within both groups of bucking and cough severity
scores and haemodynamic changes around extubation showed
a positive correlation relationship. There was a moderate
correlation between higher bucking severity scores and HR
increases at emergence (Pearson’s r = 0.478; 95% Cl 0.2232,
0.6728; p = 0.004) (Figure 4A). Increased HR at extubation was
also significantly correlated with higher bucking severity scores,
specifically when comparing bucking severity Grades 1-3
(p = 0.0326), and 1-4 (p = 0.0056) (Figure 4B). There was also a
weak positive correlation relationship between higher cough
severity scores and HR increases at emergence (r = 0.2559, 95%
Cl -0.03259, 0.5051; p = 0.07) (Figure 4C). However, increases
in HR at extubation did not significantly correlate with higher
cough severity grades (Figure 4D).

Discussion

Theresults of this study show thata sub-hypnotic dose of propofol
at 0.5 mg kg™ significantly reduced the incidence and severity of
bucking as well as the severity of coughing at extubation when
compared to a placebo. Furthermore, administering low-dose
propofol during emergence from GA significantly attenuated HR
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Figure 4: Subgroup analysis of bucking and coughing severity scores with HR changes at emergence and extubation using linear regression models
(A) Positive correlation relationship between higher bucking severity scores and HR increases at emergence (Pearson’s r = 0.4788, p = 0.004)

(B) HR changes at extubation based on bucking severity scores with mean and standard deviations (1-3, p = 0.0326; 1- 4, p = 0.0056)

(C) Positive correlation relationship between higher coughing severity scores and HR increases at extubation (Pearson’s r = 0.2559, p = 0.07)

(D) HR changes at extubation based on cough severity scores with mean and standard deviation:

S

HR - heart rate, Grade 1 - no coughing or bucking, Grade 2 - one to two coughs or bucking, Grade 3 - sustained coughs or bucking less than five seconds, Grade 4 - severe or repetitive coughing or

bucking lasting longer than five seconds
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and systolic and mean BP changes. Fewer complications were
encountered at extubation in the propofol group. However,
the incidence of coughing at extubation was not attenuated
by low-dose propofol. There were no significant differences
in extubation time between the two groups. Higher bucking
severity scores correlated with higher HR at extubation in both
groups.

Previous studies have reported mixed results with low-dose
propofol administration at emergence from anaesthesia. Jung
and colleagues found that a 0.3 mg kg™ dose of propofol reduced
the incidence and severity of coughing in adults undergoing
nasal surgery.’> Similar studies in paediatric populations found
that propofol at 0.25-0.5 mg kg was able to reduce coughing
in children at emergence from GA.'>?' At a dose of 0.8 mg kg
', propofol reduced the incidence and severity of cough and
laryngospasm in adults undergoing oropharyngeal procedures.™
Safavi and colleagues used 0.25 mg kg propofol and also found
a reduced incidence of cough at emergence.'® However, Vaziri et
al. found that propofol at 0.5 mg kg™ did not result in significant
haemodynamic and respiratory outcomes at extubation.®
Similarly, a study by Ozturk et al. showed that propofol at 0.5 mg
kg was not able to reduce coughing in children at extubation,
but reported a reduction in emergence delirium when compared
to a placebo.? Furthermore, when comparing low-dose propofol
with other interventions, Nagrale and colleagues found that
although propofol 0.5 mg kg' blunted the coughing and
bucking response to extubation, esmolol was superior in effect.™
Overall, the time to extubation was not prolonged with propofol
administration in any of the above studies.

Tracheal intubation remains the focus of research and guidelines
when it comes to airway management. However, the Royal
College of Anaesthetists’ 4th National Audit Project (NAP4)
found that more cardiorespiratory complications occurred
during emergence and extubation than at any other time during
GA.22 Many complications at emergence may appear transitory
and minor, but the NAP4 results noted that all complications
were both preventable and had the potential to result in long-
term morbidity and mortality. Hence, it is important to recognise
that airway management extends into the postoperative period.
In our study, propofol was shown to reduce the incidence of
complications at this critical point.

Following the findings of NAP4, the Difficult Airway Society
published general guidelines on the management of tracheal
extubation, and included recommendations for improving
physiological conditions at emergence.?? However, there is still
a lack of large-scale trials on optimal attenuation strategies peri-
extubation, but it is clear from reviews on the topic that any
intervention is better than a placebo or no intervention.® The
rapid onset of action and the short duration of propofol makes
it an ideal drug for attenuating the cardiovascular responses to
tracheal extubation, as shown in several studies.’%'2'321 Ajirway
protection afforded by the cough reflex is not adversely affected
by residual sedation after propofol administration, meaning

that patients are not at increased risk of uncleared secretions or
aspiration after extubation.?

Blunting the extubation response has been shown to reduce
sympathetic nervous system activation during emergence and
improve patient recovery.! However, although extubation is
often associated with bucking, previous studies investigating
propofol and other agents did not assess their effects on bucking.
Our study found a positive correlation between higher bucking
severity scores and increased HR at extubation, indicating that
the presence of one of these findings would likely predict the
presence of the other.

Bucking against the TT was shown to pre-empt bronchospasm
and prevention of bucking was described as a successful method
in preventing bronchospasm.?* Furthermore, perioperative car-
diorespiratory aberrations, apart from coughing, have been
found to affect outcomes in terms of myocardial injury, morbidity
and postoperative mortality.?¢?

Intraoperative tachycardiaand hypertension wereindependently
found to predict morbidity in the postoperative period.?
Tachycardia was also associated with worse outcomes, leading
to increased morbidity, mortality, as well as a prolonged length
of hospital stay. Hence, blunting these cardiorespiratory changes
at emergence may improve patient recovery and postoperative
outcomes. In our study, low-dose propofol was shown to
significantly blunt these responses at extubation.

The mechanism of action of propofol includes peripheral
and central activity, with potentiation of y-aminobutyric acid
Type A receptor activation and inhibition of further synaptic
transmission, as well as inhibition of release of the excitatory
neurotransmitters.?® The cardiovascular effects of propofol
include a reduction in the mean arterial pressure and blunting of
the baroreceptor reflex, thereby preventing an increase in HR in
response to a drop in BP28?° |ts central effects include an overall
inhibition of excitatory signal transduction, which leads to a
smooth, rapid emergence after propofol administration.? This
may explain why our findings of low-dose propofol attenuate
the cardiorespiratory changes at extubation.

Study limitations

The primary limitation of this study was our patient sample size
which failed to provide sufficient power to detect a difference in
our primary outcome - the incidence of cough — and confirm our
hypothesis that propofol would reduce the incidence of cough
at extubation compared to a placebo. We had estimated that a
sample size of 22 patients per group would provide sufficient
power (1-f = 80%) to detect a 33% difference in the incidence of
cough between the two groups, based on previous studies.’>
However, the observed difference in cough between the two
groups was considerably less (16.6%), meaning the sample
size provided only 32% power to detect a difference. This result
means that the sample size should have been approximately
double (47 patients per group = a total of 94), to sufficiently
power the study (1-f = 80%).
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Other limitations include the fact that the optimal sub-hypnotic
dose of propofol has not been determined, meaning that the
results we collected by administering 0.5 mg kg’ propofol
are not reflective of its ideal potential to blunt the extubation
response. The optimal timing of when to administer propofol
is also unknown. The lack of double-blinding and assessor
inter-rater variability may have contributed to cognitive and
measurement biases. A standardised extubation protocol was
implemented to reduce the risk of experimenter bias since the
principal investigator was performing the extubation himself.

Recommendations

In line with previous studies, our small, randomised control trial
has shown that the administration of a low dose of propofol
significantly reduced cardiorespiratory responses at extubation.
However, replication with larger sample sizes is required
to confirm its efficacy in reducing bucking, coughing, and
haemodynamic aberrations.

Additional, larger studies with patient populations undergoing
different types of surgery, including those with ASA physical
status Il and above are required before any recommendation
regarding the use of low-dose propofol to promote smooth
emergence in these populations can be made. In addition to
establishing efficacy, studies to determine the optimal dose of
the drug are also required, particularly as previous studies used
different doses, resulting in the safest, most effective dose being
unknown. Another important area for research is to determine
the relative efficacy of propofol in comparison to other drugs that
have also been shown to effectively facilitate smooth extuba-
tion and minimise cardiovascular and respiratory responses to
extubation, including lignocaine, dexmedetomidine, calcium
channel blockers, and beta blockers.>

Conclusion

Administering propofol 0.5 mg kg' attenuates respiratory
responses, particularly bucking, at extubation after GA in healthy
adults undergoing elective abdominal or pelvic surgery without
increasing the time to extubation. Low-dose propofol blunts
aberrations in HR, as well as systolic and mean BP at extubation,

with fewer complications.

Acknowledgements
The authors would like to thank Dr Rebecca van Dorsten for their
help with the figures and tables.

Conflict of interest
The authors declare no conflict of interest.

Funding source
No funding source to be declared.

Ethical approval

Ethical approval was obtained from the Human Research Ethics
Committee (Medical) of the University of the Witwatersrand
before commencement (ethics number: M210232).

ORCID
K Wakabayashi " =" https://orcid.org/0000-0003-0205-7257
T Leonard /27 https://orcid.org/0000-0003-4426-3972

A Oosthuizen

https://orcid.org/0000-0002-4678-8302

References

1.

20.

Lowrie A, Johnston PL, Fell D, Robinson SL. Cardiovascular and plasma
catecholamine responses at tracheal extubation. Br J Anaesth. 1992;68(3):261-3.
https://doi.org/10.1093/bja/68.3.261.

Karmarkar S, Varshney S. Tracheal extubation. Contin Educ Anaesth Crit Care
Pain. 2008;8(6):214-20. https://doi.org/10.1093/bjaceaccp/mkn036.

Ortega R, Connor C, Rodriguez G, Spencer C. Endotracheal extubation. N Engl J
Med. 2014;370(3):e4. https://doi.org/10.1056/NEJMvcm1300964.

Brown J, Gregson FKA, Shrimpton A, et al. A quantitative evaluation of
aerosol generation during tracheal intubation and extubation. Anaesthesia.
2021;76(2):174-81. https://doi.org/10.1111/anae.15292.

Tung A, Fergusson NA, Ng N, et al. Medications to reduce emergence coughing
after general anaesthesia with tracheal intubation: a systematic review
and network meta-analysis. Br J Anaesth. 2020;124(4):480-95. https://doi.
0rg/10.1016/}.bj2.2019.12.041.

Nazir M, Salim B, Khan FA. Pharmacological agents for reducing the
haemodynamic response to tracheal intubation in paediatric patients: a
systematic review. Anaesth Intensive Care. 2016;44(6):681-91. https://doi.
0rg/10.1177/0310057X1604400605.

Wong TH, Weber G, Abramowicz AE. Smooth extubation and smooth emergence
techniques: a narrative review. Anesthesiol Res Pract. 2021;2021:1-10. https://
doi.org/10.1155/2021/8883257.

Vaziri MTM, Jouybar R, Vaziri NM, Vaziri NM, Panah A. Attenuation of
cardiovascular responses and upper airway events to tracheal extubation by low
dose propofol. Iran Red Crescent Med J. 2013;15(4):298-301.

Ozturk T, Acikel A, Yilmaz O, et al. Effects of low-dose propofol vs ketamine
on emergence cough in children undergoing flexible bronchoscopy with
sevoflurane-remifentanil anesthesia: a randomized, double-blind, placebo-
controlled trial. J Clin Anesth. 2016;35:90-95. https://doi.org/10.1016/j.
jclinane.2016.06.025.

. Shaban AA. Effect of small dose propofol or midazolam to prevent

laryngospasm and coughing following oropharyngeal surgeries: randomized
controlled trial. Egypt J Anaesth. 2016;32(1):13-19. https://doi.org/10.1016/j.
€gja.2015.09.008.

. Chungsamarnyart Y, Pairart J, Munjupong S. Comparison of the effects of

intravenous propofol and propofol with low-dose ketamine on preventing
postextubation cough and laryngospasm among patients awakening from
general anaesthesia: a prospective randomised clinical trial. J Perioper Pract.
2022;32(3)53-54. https://doi.org/10.1177/1750458920912636.

. Pak HJ, Lee WH, Ji SM, Choi YH. Effect of a small dose of propofol or ketamine

to prevent coughing and laryngospasm in children awakening from general
anesthesia. Korean J Anesthesiol. 2011;60(1):25-29. https://doi.org/10.4097/
kjae.2011.60.1.25.

. Jung SY, Park HB, Kim JD. The effect of a subhypnotic dose of propofol for the

prevention of coughing in adults during emergence from anesthesia with
sevoflurane and remifentanil. Korean J Anesthesiol. 2014;66(2):120-6. https://doi.
0rg/10.4097/kjae.2014.66.2.120.

. Nagrale MH, Indurkar PS, Pardhi CS. Comparative study on haemodynamic

response to extubation: attenuation with lignocaine, esmolol, propofol. Int J Res
Med Sci. 2016;4(1):144-51. https://doi.org/10.18203/2320-6012.ijrms20160021.

. Kirmeier E, Eriksson LI, Lewald H, et al. Post-anaesthesia pulmonary

complications after use of muscle relaxants (POPULAR): a multicentre,
prospective observational study. Lancet Respir Med. 2019;7(2):129-40. https:/
doi.org/10.1016/52213-2600(18)30294-7.

. Safavi M, Honarmand A, Khazaei M. The effects of propofol, ketamine

and combination of them in prevention of coughing and laryngospasm
in patients awakening from general anesthesia: a randomized, placebo-
controlled, double blind clinical trial. Adv Biomed Res. 2016;5(1):64. https://doi.
0rg/10.4103/2277-9175.179186.

. Kumar KS, Laxminarsaiah G. Attenuation of cardiovascular responses to tracheal

extubation: esmolol versus propofol. J Med Sci Clin Res. 2018;6(1):32292-8.
https://doi.org/10.18535/jmscr/v6i1.138.

. Bryson HM, Fulton BR, Faulds D. Propofol. Drugs. 1995;50(3):513-59. https://doi.

0rg/10.2165/00003495-199550030-00008.

. Gonzalez RM, Bjerke RJ, Drobycki T, et al. Prevention of endotracheal

tube-induced coughing during emergence from general anesthesia. Anesth
Analg. 1994;79(4):792-5. https://doi.org/10.1213/00000539-199410000-00030.
Minogue SC, Ralph J, Lampa MJ. Laryngotracheal topicalization with lidocaine
before intubation decreases the incidence of coughing on emergence from
general anesthesia. Anesth Analg. 2004;99(4):1253-7. https://doi.org/10.1213/01.
ANE.0000132779.27085.52.

. Sahmeddini MA, Panah A, Ghanbari A. Effects of low-dose propofol or

ketamine on coughing at emergence from anesthesia in children undergoing
tonsillectomy. Cureus. 2020;12(4):e7842. https://doi.org/10.7759/cureus.7842.

South Afr J Anaesth Analg 2023; 29(3) @ http://www.sajaa.co.za


https://orcid.org/0000-0003-0205-7257
https://orcid.org/0000-0003-4426-3972
https://orcid.org/0000-0002-4678-8302
https://doi.org/10.1093/bja/68.3.261
https://doi.org/10.1093/bjaceaccp/mkn036
https://doi.org/10.1056/NEJMvcm1300964
https://doi.org/10.1111/anae.15292
https://doi.org/10.1016/j.bja.2019.12.041
https://doi.org/10.1016/j.bja.2019.12.041
https://doi.org/10.1177/0310057X1604400605
https://doi.org/10.1177/0310057X1604400605
https://doi.org/10.1155/2021/8883257
https://doi.org/10.1155/2021/8883257
https://doi.org/10.1016/j.jclinane.2016.06.025
https://doi.org/10.1016/j.jclinane.2016.06.025
https://doi.org/10.1016/j.egja.2015.09.008
https://doi.org/10.1016/j.egja.2015.09.008
https://doi.org/10.1177/1750458920912636
https://doi.org/10.4097/kjae.2011.60.1.25
https://doi.org/10.4097/kjae.2011.60.1.25
https://doi.org/10.4097/kjae.2014.66.2.120
https://doi.org/10.4097/kjae.2014.66.2.120
https://doi.org/10.18203/2320-6012.ijrms20160021
https://doi.org/10.1016/S2213-2600(18)30294-7
https://doi.org/10.1016/S2213-2600(18)30294-7
https://doi.org/10.4103/2277-9175.179186
https://doi.org/10.4103/2277-9175.179186
https://doi.org/10.18535/jmscr/v6i1.138
https://doi.org/10.2165/00003495-199550030-00008
https://doi.org/10.2165/00003495-199550030-00008
https://doi.org/10.1213/00000539-199410000-00030
https://doi.org/10.1213/01.ANE.0000132779.27085.52
https://doi.org/10.1213/01.ANE.0000132779.27085.52
https://doi.org/10.7759/cureus.7842

Evaluating the efficacy of propofol in attenuating the cardiorespiratory response to extubation: single-blinded randomised placebo-controlled trial

22

23.

24.

25.

Cook TM, Woodall N, Frerk C. A national survey of the impact of NAP4 on airway
management practice in United Kingdom hospitals: closing the safety gap in
anaesthesia, intensive care and the emergency department. Br J Anaesth.
2016;117(2):182-90. https://doi.org/10.1093/bja/aew177.

Popat M, Mitchell V, Dravid R, Swampillai C, Higgs A. Difficult Airway Society
guidelines for the management of tracheal extubation. Anaesthesia.
2012;67(3):318-40. https://doi.org/10.1111/j.1365-2044.2012.07075.x.
Guglielminotti J, Rackelboom T, Tesniere A, et al. Assessment of the cough reflex
after propofol anaesthesia for colonoscopy. Br J Anaesth. 2005;95(3):406-9.
https://doi.org/10.1093/bja/aei175.

Smith RH, Volpitto PP. Bucking and bronchospasm as problems of
anesthesia. JAMA. 1960;172(14):1499-502. https://doi.org/10.1001/
jama.1960.03020140035008.

26.

27.

28.

Abbott TEF, Ackland GL, Wragg A, et al. Association between intraoperative
heart rate and postoperative myocardial injury in patients following
non-cardiac surgery. Intensive Care Med Exp. 2015;3(S1):A751. https://doi.
0rg/10.1186/2197-425X-3-51-A751.

Reich DL, Bennett-Guerrero E, Bodian CA, et al. Intraoperative tachycardia
and hypertension are independently associated with adverse outcome in
noncardiac surgery of long duration. Anesth Analg. 2002;95(2):273-7. https://doi.
0rg/10.1213/00000539-200208000-00003.

Larijani GE, Gratz |, Afshar M, Jacobi AG. Clinical pharmacology of propofol:
an intravenous anesthetic agent. DICP, Ann Pharmacother. 1989;23(10):743-9.
https://doi.org/10.1177/106002808902301001.

. Khan KS, Hayes |, Buggy DJ. Pharmacology of anaesthetic agents I: intravenous

anaesthetic agents. Contin Educ Anaesth Crit Care Pain. 2014;14(3):100-5.
https://doi.org/10.1093/bjaceaccp/mkt039.

South Afr J Anaesth Analg 2023; 29(3) @ http://www.sajaa.co.za


https://doi.org/10.1093/bja/aew177
https://doi.org/10.1111/j.1365-2044.2012.07075.x
https://doi.org/10.1093/bja/aei175
https://doi.org/10.1001/jama.1960.03020140035008
https://doi.org/10.1001/jama.1960.03020140035008
https://doi.org/10.1186/2197-425X-3-S1-A751
https://doi.org/10.1186/2197-425X-3-S1-A751
https://doi.org/10.1213/00000539-200208000-00003
https://doi.org/10.1213/00000539-200208000-00003
https://doi.org/10.1177/106002808902301001
https://doi.org/10.1093/bjaceaccp/mkt039

	_Hlk96268571
	_Hlk128141124
	_Hlk95981624
	_Hlk93475885
	_Hlk96233735

