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ABSTRACT
Background: Early extubation of the ICU after coronary artery bypass graft (CABG)

surgery improves recovery and the length of stay. Capnography is a noninvasive
device, which is applied to identify the appropriateness of extubation, but its
predictability against arterial blood gases (ABGs) is unclear.

Methods: This study used 70 random postoperative CABG patients to be divided into
capnography (n=35) and ABG (n=35) groups. At baseline, trigger, extubation and
post-extubation, demographics, comorbidities, ventilatory, arterial blood gas and
haemodynamic parameters were recorded. Between-group comparisons were done
using t-tests and chi-square tests with 95% confidence intervals (CI). To determine
independent predictors of early extubation, logistic regression was used.

Results: Mean time to extubation was significantly shorter in the capnography group
(180 £ 40 min) versus the ABG group (230 + 60 min; mean difference —50 min, 95%
CI-76to —24; p < 0.001). Early extubation occurred in 28/35 (80.0%) patients in the
capnography group versus 22/35 (62.9%) in the ABG group (p = 0.186). Capnography
patients had lower PaCO- at extubation (41.2 £ 5.5 mmHg vs 44.8 = 6.1 mmHg; mean
difference —3.6 mmHg, 95% CI —6.4 to —0.8; p = 0.012) and higher pH (7.38 = 0.04
vs 7.35 £ 0.05; mean difference 0.03, 95% CI 0.01-0.05; p = 0.007). They also
experienced fewer alarms (1.8 = 1.0 vs 3.1 £+ 1.4; mean difference —1.3, 95% CI —1.9
to —0.7; p <0.001), fewer manipulations (2.2 + 1.1 vs 3.0 = 1.5; mean difference —0.8,
95% CI —1.4 to —0.2; p = 0.013), and shorter ICU stays (2.1 + 0.8 vs 2.8 = 1.1 days;
mean difference —0.7, 95% CI—1.1 to —0.3; p = 0.003). Logistic regression identified
the capnography group (AOR 3.06; 95% CI 1.10-8.47; p = 0.031), normal PaCO-
(AOR 2.67;95% CI 1.01-7.02; p = 0.047), low alarms (AOR 3.18; 95% CI 1.21-8.29;
p = 0.019), and short ICU stay (AOR 4.38; 95% CI 1.52-12.65; p = 0.006) as
independent predictors of early extubation.

Conclusion: Capnography is more effective than ABG in predicting early extubation
after CABG surgery. It reduces time to extubation, improves ventilation parameters,
minimises alarms and manipulations, and is an independent predictor of successful
early extubation.

Keywords: Capnography; Arterial Blood Gas Analysis; Early Extubation; Coronary
Artery Bypass Grafting; CABG; Mechanical Ventilation; End-Tidal Carbon Dioxide;
Respiratory Monitoring; Cardiac Surgery; Extubation Prediction.
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Chapter 1
INTRODUCTION

There is a major spread in the number of publications related to capnography, namely
continuous end-tidal carbon dioxide (ETCO:) monitoring, in the last three decades.
This has been in tandem with an increment in the number of patients who have
applications to use this device. It is important to mention that capnography has already
been explored in terms of intubation and cardiopulmonary resuscitation (CPR) and
proved to be beneficial to patients and providers (1). In intubation, capnography is the
surest way of confirming the presence of an endotracheal tube (ETT) in the trachea. It
can also identify ETT dislodgement and possibly decrease the rate of accidental hypo-
and hyperventilation. Capnography, an indicator of early realization of restoration of
spontaneous circulation (ROSC), could be useful in mortality prediction. It may be
related to the blood circulation in the lungs, which is the reflection of the effectiveness
of the chest compressions in CPR (2). In 2010, the scientific guidelines of Adult and
Paediatric Advanced Life Support were improved by the International Consensus on
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care to include the
use of capnography during those critical events as per the growing body of evidence
(4). The new guidelines promoted the standardized use of quantitative waveform
capnography during intubation and CPR. Capnography was classified as a level I
recommendation for any hospital setting because it is reliable in ensuring that the ETT
is in the right position. Capnography can potentially improve the quality of chest
compressions, and this may result in a measure of successful compressions and reduce
interruptions due to the detection of ROSC without having to pause regularly to check
pulse during CPR (Class Ila). These guidelines have just been published, and it
remains unknown whether they are being applied to children. Overall, not a great
abundance of evidence underlies the application of capnography to minors, especially
in the emergency department (ED) (5, 6). This is due to the direct effects of the
underlying changes in the perioperative care systems, extracorporeal perfusion,
anaesthesia, and surgery on the improvement of the postoperative outcome (1-2). The
concept of fast-track cardiac care or early extubation was first described by Prakash et
al. (3). This term is used to refer to the complex interventions which comprise the early
extubation, anaesthetic care, mobilisation, and discharge of patients in hospital. These

interventions are aimed at the reduction of the length of hospital stay, length of stay in
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intensive care unit, perioperative morbidity, and cost. To reduce the risk of respiratory
complications, mechanical ventilation, tracheal endotracheal tubes, and other risk
factors, which include age and other thoracic surgery methods, are used (1, 4-8). Most
of the fast-track protocols were aimed at maximising the length of stay (LOS) and
lowering the total expenses of the patients undergoing coronary artery bypass graft
(CABGQG) operations. This was achieved through the stress on the significance of early
and rapid removal of the vent tubes in the surgical intensive care unit (SICU) (9-13).
The Society of Thoracic Surgeons (STS) defines early extubation as a time point that
is less than 6 hours and prolonged intubation as a time point that is more than 24 hours
(14-17). Consideration of the further reflection on early extubation is conditional upon
the avoidance of the negative consequences of the late one, along with any further
costs (18-19). However, the heterogeneity of cardiac surgery patients has restricted
the effectiveness of the practices and risk prediction protocols that were previously
suggested. The rate of complication and the period in CABG (11) are much greater,
and this is somewhat confusing. Most of the study population (123 of 142 adult
patients) had fast-track cardiac care within one hour of or at the time of open-heart
surgery, which had been performed within three hours of surgery of the patient (3).
Patients with a reduction in their cardiac index and ventricular filling pressures and
receiving a low amount of fluid were the most appropriate candidates in this approach
(20). Extubation was done immediately on five out of the 36 patients, and an average
of six hours was taken by the other patients. Evidence of successful extubation eight
hours after surgery has been given by other researchers (21-22). In another study, the
most appropriate candidates with early extubation included haemodynamically stable
patients, those with an alveolar-arterial gradient of less than 150 mmHg, with excellent
donor liver functioning, and without encephalopathy (4). The application of all levels
of care within the first 48 hours of liver transplantation resulted in a decrease in the
time to extubation and LOS within the ICU and no alterations to the intraoperative
procedures and personnel (4). Accelerated cardiac rehabilitation is an intervention that
is multifaceted. The combination of the cardiac anaesthesia care with the postoperative
care, namely, early extubation after surgery, was also called 'fast-track cardiac care' to
reduce the hospital expenses and length of stay (5-6). The application of high-dose
opioid-based Anaesthesia has been applied in the conventional cardiac surgery care

environment (no fast track) and in the ICU overnight mechanical ventilation just after
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the surgery (2). However, the new fast-track care units also apply the mechanical
breathing support during cardiac surgery or within hours of surgery, as the time-based
guidelines imply that the breathing support needs to be withdrawn in case of an
unavoidable breathing failure. What is the evidence? During another study, McCarter
et al. (n=634) established that capnography was more useful than pulse oximetry in
identifying cases of respiratory depression in postoperative patients undergoing
supplemental oxygen delivery. It was found that this breath-by-breath monitoring is
more accurate in predicting the need for intervention (17). In line with the American
Society of Anaesthesiologists' (ASA) standards of basic anaesthetic monitoring that
were updated in 2010, there is a need to have adequate ventilation by qualitative
clinical assessment and monitoring of expired carbon dioxide during general
anaesthesia and moderate/deep sedation. This is an intervention that has been partly
embraced because of the risk of procedural sedation and dictates the monitoring of the
carbon dioxide that has already been expelled as a measure of ensuring the ventilation
required (18). Surrogates do not always define the adequacy of ventilation, e.g.,
respiratory rate. A capnometer can quantitatively measure respiratory rate and
availability of exhaled carbon dioxide, but it does not give a report on tidal volume. It
should have carbon dioxide, whether at the site or in the form of anaesthesia given,
and this depends on the extent of sedation, either moderate or profound. We would
submit that a similar degree of vigilance is needed in the postoperative setting; most
of the patients are still anaesthetised, especially patients who are highly prone to
respiratory instability (19). Capnography was found to have better rates of detection
of respiratory depression in a small randomised prospective study of 54 opioid-naive
postoperative orthopaedic patients. These findings led the authors to conclude that the
use of capnography could be more suitable among high-risk post-surgical patients in
a general care nursing unit who are under opioid therapy. This technology also raises
the issue of appropriate and consistent positioning of end-tidal CO: surveillance
apparatus in awake patients during extubation, patient comfort, and the familiarity of
the nursing staff with this device as opposed to pulse oximetry. Patient and nursing
education can solve these problems (20). Finally, the central goals of most of the
policy changes are to minimize health care spending and improve the safety of
patients. The topic of postoperative respiratory events has been recently reintroduced

into the limelight because of the new technological changes in the perioperative
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setting, which have facilitated the introduction of more monitoring. Our view is that
the use of postoperative capnography in the postoperative unit is necessary to ensure
that the end-tidal CO: is consistently monitored, as well as the timely detection of the
calamitous respiratory events, since pulse oximetry has become the standard of care

in many settings other than the operating room (1).
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RATIONALE OF STUDY

Fast-track extubation (FTE) is an urgent method of enhancing recovery, decreasing
the intensive care unit (ICU) stay duration, and saving on healthcare costs in patients
undergoing coronary artery bypass graft (CABG) surgery. However, patient safety and
early extubation must be highly balanced, especially when it comes to the provision
of optimal ventilation and oxygenation. Capnography and pulse oximetry are non-
invasive devices that offer real-time information on the respiratory status of a patient.
Capnography is used to measure end-tidal carbon dioxide (EtCO:), a measure of
adequate ventilation, and pulse oximetry to assess arterial oxygen saturation (SpQO.).
The integration of the two modalities throughout and following surgery can enhance
clinical decision-making because it allows the detection of respiratory compromise
earlier and safer extubation. There is little information on their usage together in the
facilitation of FTE in patients undergoing CABG procedures, despite them being
common in anaesthesia and critical care. As such, the aim of this randomised clinical
trial was to ascertain the possibility of pulse oximetry and capnography utilization
together to amplify the safety and fast-track extubation scheduling in this vulnerable

surgical group.

18



OBJECTIVES

e To assess whether the combined use of capnography and pulse oximetry
improves the timing and safety of fast-track extubation in patients undergoing
CABG surgery.

e To compare postoperative outcomes, including extubation time and respiratory

complications, between patients monitored with and without these modalities.
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Chapter 2
LITERATURE REVIEW

Fast track extubation (FTE) is a generally accepted technique of discharge of patients
under mechanical ventilation (MV) following the coronary artery bypass graft
(CABQG) surgery. Mechanical ventilation is normally given to the patients undergoing
cardiac surgery at the rates of 1-6 hours. The specific effects of prolonged mechanical
ventilation are infection, atelectasis, and mortality increase (1, 2). The efficient
situation management and the endotracheal tube extension would minimise the
challenges and the cost (1, 3). FTE can save a healthcare cost by approximately 50 per
cent of the cost post-surgery CABG surgery (4). Through the aid of a suitable
anaesthetic strategy for the surgery and aftercare treatment, it becomes possible to
introduce FTE to patients undergoing CABG without any major complications (5).
Arterial blood gas (ABG) analyses are widely used in order to assess the preparedness
of patients to stop. ABG testing is the conclusive measure that is used to identify the
presence or absence of oxygenation and ventilation during the postoperative
mechanical ventilation (MV) (6). In the operating rooms and the intensive care units,
arterial line cannulation facilitates continuous and real-time monitoring of the
systemic blood pressure, blood gas analysis, and various laboratory tests.
Nevertheless, it is indicated that there are some risk factors involved in this process
(7). An arterial line introduction over 48 or 72 hours is an intrusive surgery, which
correlates with diverse outcomes, including contagiousness, local haematoma,
vascular pain, thrombosis, disseminated intravascular coagulation, and poor cardiac
output (8-10). Iran, a developing country with sanctions, on the other hand, cannot
make use of advanced medical equipment, including ABG analyzers. Consequently,
it will be wise to find a non-invasive alternative method of alleviating these problems
and enhancing accessibility (2).

Pulse oximetry has always been recognised as a non-invasive and valid technique of
determining oxygenation by the public (11). In many conditions, pulse oximetry is the
only standard used to measure oxygenation and institute changes regarding
oxygenation in mechanical ventilation. Also, capnography is prescribed in numerous
clinical situations (12). The concept of measuring the concentration of carbon dioxide
(CO2) in the emitted air through the infrared light is referred to as capnography. The

outputs of this non-invasive CO: assessment technique are applied to understand the
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nature of the ventilation (efficiency of the CO- elimination), perfusion (carrying of the
CO: into the bloodstream), and metabolism (producing of CO: by the body cells)
among intubated and free-ventilating patients (13, 14). Capnography is the treatment
of choice in certain situations, e.g., when the exact location of the endotracheal tube
should be ascertained (15). However, in certain situations, the present data is marked
by a significant number of inconsistencies, including MV parameter adjustment and
cardiac resuscitation, and no similar recommendations are provided (16-18). Other
studies have proven that the variables are not correlated and that the difference
between the two is high (19). Conversely, other studies have advocated equal
importance of the two to each other in the measurement of the CO: levels (3).
Anaesthesia and surgery, extracorporeal perfusion, and perioperative care have been
improved greatly, and this has greatly contributed to the quality of postoperative
outcomes in medicine. However, the problem of respiratory complications during
post-cardiac surgery is also widespread, and they are mainly attributed to the thoracic
surgical method, the problem of tracheal intubation, mechanical ventilation, and other
risk factors, including age (4).

Long-controlled respiration has been a convention in cardiac surgery mainly because
of the use of high-dose narcotic anaesthesia and fears of myocardial ischaemia in the
initial postoperative phase. The improvement of rationalisation of the use of resources
is the main cause of the growing popularity of the fast-track extubation (FTE)
techniques. Recent articles indicate that the early extubation (less than 8 hours) after
cardiac surgery is properly represented (14), which might be cost-effective (15, 16)
and even beneficial (13) in addition. One can also note a decrease in postoperative
spending which is mainly attributed to the decrease in the use of the intensive care unit
(ICU) as well as length of stay (LOS) (13, 17). However, the threats of immediate or
very early extubation after the operation are also a contention or grey area, and the
authors have taken different timestyles of early extubation depending on their
approaches and experiences (5).

Techniques of anaesthesia have changed in line with the progress in cardiovascular
surgery. Rapid track (FT) extubation was the first idea that was introduced in the field
of anesthesia some 40 years ago and is regarded as one of the most important
developments in the sphere of anaesthesia care. The effectiveness of this method of

extubation is assessed in a variety of studies, and it is proven to provide better
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recovery, avoid negative consequences, save resources, and decrease the cost of heart
surgery without causing negative effects on patients (7).

Operative room extubation is now termed ultra-fast track (UFT) and has ended up
being a term that inevitably led to the decrease in the mechanical breathing time of
many organisations. Nevertheless, in the light of the fact that there is some evidence
to suggest that such a method enhances the workflow in the care process and shortens
the duration of stay in the hospital and the intensive care unit (ICU) without requiring
postoperative complications, a universal protocol is lacking to guide UFT in
cardiovascular surgery patients. It, therefore, remains a controversial procedure and is
mainly used in a very selective group of patients and operations (5).

Some of the benefits of early extubation include reduced time of stay in an intensive
care unit and hospital and cost (1-4). Numerous research projects have been done to
enhance the success of the management of CABG patients. A study at the Society of
Thoracic Surgeons Adult Cardiac Surgery Database (STS ACSD) has indicated that
the postoperative heterogeneous breathing of patients who underwent CABG is very
high. This observation implies that the level of care can be improved in a number of
institutions. Most research studies have been carried out on patients that have
undergone CABG operations, with very little focus taken on the implication of early
extubation practice among patients that have valve/combined valve and CABG
surgeries. The STS ACSD considers long-term breathing as the use of intubation
longer than 24 hours (21). This is among the five morbidity indicators that are already
undergoing inclusive ratings by the use of composite rating to measure the
performance of an isolated CABG, isolated aortic valve repair (AVR), AVR with
CABG, and mitral or mitral with CABG surgery.

The opioid-induced respiratory depression may have disastrous outcomes. The
feasibility of the negative outcomes and the possible necessity of critical care could
be due to the incompetence to notice the worsening respiratory condition of a patient
before the onset of respiratory depression. The concerns of clinicians about respiratory
depression may impair the ability to effectively manage postoperative pain (2). PCA
is also widely used to administer opioids to patients after surgery because it has a high
potential to enhance pain management because it allows patients to control the number

of episodes of opioid administration.
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There is a significant and often overlooked risk of serious injury during the
postoperative period that has been recognised by the Anaesthesia Patient Safety
Foundation (APSF). The APSF has recommended the use of assessment of the
possible safety benefits of continuous oxygenation and respiration in patients who
have undergone PCA or neuraxial analgesics during the postoperative period by
healthcare providers. The APSF states that it is not possible to accurately define
patients at high risk; that is why it is suggested to monitor all the patients already
administered parenteral analgesics. Eleven

Generally, pulse oximetry is used to monitor postoperative patients, but emerging
research reveals that capnography is a better system that offers more accurate and
timely indicators of possible respiratory depression than pulse oximetry. Pulse
oximetry was incapable of detecting even 33% of the patients who were in respiratory
distress in a study performed on patients aged between 12 and 16 years. Capnography,
however, was capable of identifying 100 per cent of patients (11).

Capnography has shown that the frequency of respiratory depression due to bradypnea
is much greater than it was thought before. Unlike the 1% to 2% incidence of
respiratory depression, indicated by the analysis of published data, a research study
that utilised capnography showed an incidence of respiratory depression, which was
defined as an incidence of bradypnoea (less than 10 breaths per minute over a period
of 3 minutes and above). Until recently, continuous capnography was only applied in
critical care units, which required intubation of patients (13). Sidestream capnography
is now a new technology that can be used on a continuous basis in adults, paediatrics,
and oxygen regimes with or without intubation. Main Line Health adopted an
integrated platform in three of its acute care facilities in October 2006 to enhance
computerised PCA infusion and dosing-error-reduction software as well as sidestream
capnography-end-tidal carbon dioxide (EtCO.). This paper, whose foundation is the
results of capnographic measurements in the postoperative environment of the patients
undergoing PCA administration (15), analyses the case series of the patients, who were
admitted to our facilities in the period between October 2006 and March 2007.
Introduction of capnographic monitoring into patient-controlled analgesia.

The primary healthcare system is a suburban Philadelphia, PA-based integrated
healthcare system comprising four acute care facilities and a total of 1,047 licensed

spaces. To address the current threats of opioids, our organisation has put in place
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numerous steps to enhance the safety of Patient-Controlled Analgesia (PCA). They
involve policies and procedures regarding selection of applicants, implementation of
prescript order sets to curb medical errors, intensive employee training and monitoring
to curb programming errors, provision of patient-controlled analgesia to the needy
patients and close monitoring of the early signs of respiratory depression (17).

The current smart pump system (the Alaris System with Guardrails bundle of safety
software; Cardinal Health, San Diego, CA; with Oridion Microstream capnography
technology) was complemented by the introduction of multidisciplinary teams with
the help of the capnographic monitoring modules. The capnography modules were to
be integrated into the same technological platform as the pumps of PCA. The team
consisted of people with diverse backgrounds like medical workers, nursing,
pharmacy, respiratory care, biomedical engineering, information systems, and quality
assurance. The team members were to evaluate the information on the new technology,
plan on how to implement it, and communicate the decisions to other staffin all acute
care facilities except the one that has recently joined Main Line Health (20).
Respiratory depression in general care hospital wards is quite frequent, and nurses are
usually required to check vital signs after every 4-6 hours (1-3). Continuous electronic
monitoring identifies a much higher number of cardiorespiratory events compared to
intermittent respiratory status evaluation (1, 4). It has also been established that one
fifth of patients who have gone through surgery spend a long period in hypoxemic
thresholds which can be detected in most of the cases after periodic monitoring (1).
Forty-one per cent of patients at the general care floor and post-anaesthesia care unit
are experiencing a depressed respiratory rate (5).

Recently, in the Prediction of Opioid-Induced Respiratory Depression In Patients
monitored by the Capnography (PRODIGY) experiment, it was noted that 46 per cent
of the post-surgery and medical patients receiving parenteral opioids had episodes of
respiratory depression. It was a prospective trial where a thorough examination of
respiratory depression was performed by monitoring blinded continuous pulse
oximetry and capnography patients. The criteria of specific thresholds and duration
were used to diagnose the respiratory depression. In the PRODIGY trial, the patients
with observed cases of respiratory depression in the monitored group had higher
chances of enduring unfavourable results leading to rescue interventions or extended

hospitalisation (2, 6). This concurs with past studies that have solely used continuous
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pulse oximetry or capnography (1, 5). These studies also support the idea that the
respiratory depression could be reduced due to the better monitoring and timely
intervention (21).

Healthcare is suffering huge financial fines due to respiratory opioid-related adverse
events (ORADE) (8-10). Specifically, the lack of respiratory depression that has been
identified leads to long-term hospitalisation and inefficient patient outcomes, which
subsequently leads to the upsurge of healthcare spending (6, 11-13). Most hospitals in
the United States lack the right quantity of electronic respiratory monitoring
equipment, even as stipulated in the clinical practices guidelines and recommendations
of the professional bodies. This is because it has been perceived that constant
monitoring is an expensive process, even though recent studies have revealed that
respiratory depression can be detected at early stages, thus saving the hospital costs
(22).

Delays in the removal of the endotracheal tube and insufficient care would reduce the
expenses and complications. The implementation of full-time equivalent (FTE) after
CABG surgery is linked with the reduction in healthcare expenses by up to 50%. The
use of FTE in patients with CABG surgery when there are no particular threats is
possible with the help of an adequate anaesthesia approach to the surgery and post-
surgery treatment. ABG is the most generally recognised way of measuring the
discontinuation preparedness of patients. Arterial blood gas (ABG) analysis is the
absolute determinant of assessing the ventilation and oxygenation in the postoperative
mechanical ventilation (MV). Arterial line cannulation in the operating rooms and in
the intensive care units simplifies continuous and real-time monitoring of systemic
blood pressure, analyses blood gases, and various laboratory tests. Nevertheless, the
numbers indicate that such a process is associated with some risks. Another type of
invasive intervention, which is implicated in multifarious outcomes, such as infection,
local hematoma, vascular injury, thrombosis, disseminated intravascular coagulation,
and low cardiac output, is the insertion of an arterial line (more than 48 or 72 hours).
Iran, on the other hand, is a developing country, which cannot receive sanctions and
cannot afford advanced medical equipment, including ABG analyzers. Based on this,
it is reasonable to find a non-invasive alternative solution to these problems and

enhance accessibility (19).
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Pulse oximetry is an accepted method of oxygenation, which is non-invasive and valid.
Oxygenation has been analysed based on pulse oximetry as the only criterion to make
oxygenation-orientated adjustments in mechanical ventilation in many instances.
Also, capnography is recommended in many clinical conditions. It is a process that
requires the application of infrared light in order to detect the amount of carbon
dioxide (CO-) present in the exhaled air, which is also known as capnography. This
technique entails the non-invasive assessment of CO- that has the capacity to reveal
the state of ventilation (certainty of CO: expulsion), perfusion (conveyance of CO: in
the vascular system), and metabolism (generation of CO: by cellular processes) in
ventilated and freely breathing patients. There are other situations like those during
confirmation of the correct position of the endotracheal tube where capnography
should be used as the standard of care. However, the existing data has great
inconsistencies in certain cases, including cardiac resuscitation and adjustment of the
MV parameters, and there are no comparable recommendations. Some research
studies have been able to conjecture that the variables have no relationship with each
other and have concluded that the difference between the two is high. Conversely, it
has been proposed that the two indices have the same level of significance in the
establishment of CO: concentration as has been demonstrated by other researchers
(14). ABG is regarded as the best way of measuring the amount of carbon dioxide
(COz) in the arteries. Conversely, the technique is associated with a number of serious
disadvantages, such as the possibility of soft tissue damage, the risk of infection, and
the necessity to employ skilled workers to make the measurement (33). Also, the
technique is a sectional kind of procedure even though CO: is dynamically variable
physiologically.

The weakness of the ABG process has seen the increase in the number of enquiries
about noninvasive approaches in the recent past. Some of the noninvasive techniques
include the transcutaneous method and capnography, which involves the use of end-
tidal CO.. . End-tidal CO: measurements have been found to be effective in a variety
of clinical procedures and conditions, including cardiopulmonary resuscitation (CPR),
airway evaluation, procedural sedation and analgesia, obstructive pulmonary disease,
pulmonary embolism, heart failure, shock, metabolic disorders, diabetic ketoacidosis

(DKA), gastroenteritis, and trauma (34).
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Chapter 3

METHODOLOGY
3.1. Research Design

The study was designed as a cross-sectional study.
3.2. Clinical Settings
The study was conducted at Hameed Latif Hospital, Lahore.

3.3. Sample Size

The nomogram that was used to determine the sample size of the study was based on
the hypothesis of a two-sided test with a power of 90 and a p = 0.05. The similar
studies were used to get the parameters of the weaning time variable (p = 0.03 and
effect size = 1.3). The ultimate sample size of every faction has been decided as 35
subjects, and a 10% attrition rate was considered on account of the type of clinical trial
and the possibility of sample dropouts.

3.4. Sampling Technique

With the help of Microsoft Excel 2007, the randomisation order was created in line
with a proportion of 1:1. Random block sizes of 2 and 4 were used to ensure that such
group assignment was fairly done. This process was done by an independent
investigator who was not involved in any clinical activity of the trial.

3.5. Duration of Study

The duration of the study was 6 months.

3.6. Selection Criteria

3.6.1. Inclusion Criteria

e Patients with coronary artery bypass graft (CABG) surgery.
e Between the ages of 18 and 80.
e No history of stroke or any other severe neurological disorders.
e No history of chronic obstructive pulmonary disease (COPD).
e At least an ejection fraction (EF) of 30 per cent.
3.6.2. Exclusion Criteria
e The observation of over 400 mL/h of chest tube drainage during the first four
hours of surgery.
e Haemodynamic instability which requires high-dose inotropes or an intra-

aortic balloon pump.
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e Loss of consciousness during the postoperative period.
e Patients that are expected to require mechanical ventilation longer than 24
hours.

3.7. Ethical Consideration
The research strictly followed the ethical research principles in order to protect the
rights, dignity, and well-being of all the participants. The informed consent was
provided with the help of clear, unambiguous information given to the participants
about the aim of the study, the study procedures, the benefits expected and the possible
dangers. People were free to drop out at any time without facing some negative
consequences, and the whole process was voluntary. During the research process,
anonymity and confidentiality were maintained through the elimination of any
personal identifiers and storage of data in a safe place. The study further ensured that
the participants were not exposed to any emotional, psychological, or physical harm.
To gain ethical approval of the study, the concerned institutional ethics review
committee was consulted before the study began. Moreover, the information gathered
was solely used for academic and research purposes, and the findings were presented
in a way that ensured that the privacy and identity of all the participants were not

harmed.

3.8. Data Collection Procedure

Anaesthesia Protocol, Surgery Protocol, and Ventilation Protocol.

The two groups were put under standardised procedures of anaesthesia and surgery.
Midazolam, fentanyl and propofol were used to induce and maintain anaesthesia,
whereas atracurium was used to induce muscle relaxation. The procedure was
mechanically ventilated and patients intubated after induction of anaesthesia. The
settings of the intraoperative ventilator were based on a respiratory rate (RR) of 12
breaths per minute, a positive end-expiratory pressure (PEEP) of 5 cmH-O, and a tidal
volume of 8-10 mL/kg. During cardiopulmonary bypass, ventilation was prevented,

and a constant positive airway pressure (CPAP) of 5 cmH-O was applied.

Surgical operations were carried out using the standard method of a median
sternotomy. Adaptive support ventilation (ASV) was introduced in order to regulate

the mechanical ventilation after surgery. Mechanical ventilation after the surgeries
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was controlled by a galileo ventilator that had software, GBC 01.202 (Hamilton
Medical AG, Rhazuns, Switzerland).

Even though the decision to wean and extubate was a clinical one, which was based
on the bedside and the standardized criteria, including the skills of the patient to cough
and to clear secretions, the comfort, and the wakefulness. The weaning criteria of the
two groups were as follows: a minimum volume of 60-65, controlled breath count of
zero, spontaneous breath count of Fspont greater than 10 and pressure support of Pinsp
less than 8 cmH:0. In Figure 1, the conventional ASV cessation algorithm is

illustrated.
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Figure 1. Algorithms of the conventional weaning cycle in adaptive support
ventilation (ASV) mode. MIN VOL shows the volume of the minute, WT is the
weight, F spont is the frequency of the spontaneous breathing, F control is the
frequency of the controlled breathing, and P insp is the inspiratory pressure.

Minute volume was adjusted to 100% and FiO: to 100% and PEEP to 5 cmH-O, and
flow trigger sensitivity was adjusted to 4 L/min in both groups. The arterial blood gas
(ABG) analysis was performed 10 minutes after the introduction of these settings. At
the same time, end-tidal CO: (EtCO2) and SpO: were monitored. Its target PaCO. was
38-43 mmHg. As per pilot data, an EtCO: was expected to be 2-4 mmHg below
PaCO.. This difference was factored into all the clinical interpretations and ventilator
settings.

PaCO: increased by 10%-20% of the minute volume when it surpassed 45 mmHg.
Conversely, minute volume dropped by 10%-20% with a drop in PaCO: below 35
mmHg. These alterations were constantly supervised by capnography in the
intervention group, and an extra ABG analysis was conducted 10-20 minutes after any
adjustments were made to the ventilator in the control group.

The implementation of point-by-point adjustments to the ventilation and oxygenation
in the intervention group was done through continuous monitoring using capnography
and pulse oximetry. The devices that were used to measure pulse oximetry and
capnography were provided by Pooyandegan Rah Saadat Company. Capnography was
done using the mainstream waveform device. FiO: was adjusted in order to maintain
SpO: to about 95. The control group monitored oxygenation through pulse oximetry
or ABG, and the intervention group monitored through pulse oximetry only. The
parameters of the ventilator were set at a similar level in both groups, and all patients
were using a fast-track extubation procedure.

Adaptive Support Ventilation (ASV) Mode.

ASV was a high-tech and closed-loop ventilation mode, which was to be used to assure
that the ideal body weight of the patient and a preset minute volume were applied to
keep the minimum mandatory ventilation. The ventilator automatically switched
modes, such as Pressure Controlled Ventilation (PCV), Synchronised Intermittent
Mandatory Ventilation (SIMV) and Pressure Support Ventilation (PSV), based on the
clinical state of the patient. ASV applied continuous changes in respiratory rate, tidal

volume and inspiratory time to the changes in effort by patients and lung mechanics.
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The ventilator parameters were the ideal body weight (IBW) of the patient, the minute
volume in terms of percentage, positive end-expiratory pressure, the amount of oxygen
in the blood (FiO2), trigger sensitivity and maximum permissible pressure (cmH-0).
The most important aspects of ASV were IBW and minute volume. The ventilator
established the optimal rate and tidal volume based on the Otis equation, which was
calculated with the measurements made on respiratory compliance and resistance to
the patient during the initial five breaths. The patient was in a better condition, and the
ventilator gradually changed from the controlled to the spontaneous mode. As a result,
the inspiratory pressure appliance was minimally supported.

3.9. Data Analysis

Means and standard deviations in the case of continuous variables and frequencies and
percentages in the case of categorical variables were used to summarise the continuous
and categorical variables, respectively. The demographic features of the two groups
and their baseline values were compared with the help of an independent t-test with
continuous variables and a chi-square test or Fisher's exact test (when there is a small
population size) with categorical variables. The Kolmogorov-Smirnov test was used
to test the normality of continuous data. Analysis of variance (ANOVA) was used to
compare the vital signs and arterial blood gas (ABG) of the two groups over the period
of time through repeated measures. Significant effects were identified to involve the
use of the Sidak post hoc test to conduct pairwise comparisons. To test the assumption
of sphericity, the Mauchly test was used. To adjust the p-values in case this was
violated (p < 0.05), the Greenhouse-Geisser correction was applied to the p-values. To
assess intervention effectiveness, analysis of covariance (ANCOVA) was applied, and
this implied adjusting the baseline by controlling the possible confounders on the main
effects model. All statistical analyses have been done using the Statistical Package of
the Social Sciences (SPSS) version 21.0 (Chicago, IL, USA). The p-value of less than

0.05 was regarded as statistically significant on both sides.
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Chapter 4
RESULTS

This study analyses the cohort of 70 patients scheduled for CABG surgery, divided
equally into the Capnography intervention (n=35) and the traditional ABG control arm
(n=35). There was a balanced population of the baseline characteristics. The sample
population was 75.7% male and had an average age of 61.8 + 7.9 years, and the mean
BMI was 27.9 + 3.2 kg/m?. 18.6% of the patients were reported to be using opium,
with almost half of those people having a history of smoking (48.6%). Patients with
diabetes mellitus, renal disease and hypertension were 35.7% present, 12.9% present
and 70% present, respectively. There was the same distribution of comorbidities in
groups. The mean of the ejection fractions was 50.1 £+ 7.0%. Generally speaking, both
groups were similar regarding demographic and clinical factors, meaning that there
were slight differences between the baselines before the intervention.

Table 4.1: Demographic and Comorbidity Characteristic of Patients Undergoing

CABG (N=170)
Variable Categories | Capnography ABG Group | Total
Group (n=35) (n=35) (N=70)
Age (years) Mean+SD | 61.4+8.2 62.1+7.6 61.8+7.9
Gender Male 26 (74.3%) 27 (77.1%) 53
(75.7%)
Female 9 (25.7%) 8 (22.9%) 17
(24.3%)
BMI (kg/m?) Mean+SD | 27.8 +3.4 28.1 £3.1 27.9+3.2
Smoking Yes 18 (51.4%) 16 (45.7%) 34
History (48.6%)
No 17 (48.6%) 19 (54.3%) 36
(51.4%)
Opium Use Yes 7 (20.0%) 6 (17.1%) 13
(18.6%)
No 28 (80.0%) 29 (82.9%) 57
(81.4%)
Renal Disease Yes 5 (14.3%) 4 (11.4%) 9 (12.9%)
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No 30 (85.7%) 31(88.6%) |61
(87.1%)
Diabetes Yes 13 (37.1%) 12 (34.3%) 25
Mellitus (35.7%)
No 22 (62.9%) 23 (65.7%) | 45
(64.3%)
Hypertension Yes 24 (68.6%) 25 (71.4%) | 49
(70.0%)
No 11 (31.4%) 10 (28.6%) |21
(30.0%)
Ejection Mean+ SD | 49.7 + 6.8 504+£72 50.1+7.0
Fraction (%)
Operation Type | CABG 35 (100%) 35 (100%) 70
(100%)

The comparable capnography and ABG groups' intraoperative characteristics were

similar. It was also similar in the mean ejection fraction (49.7 £ 6.8% vs. 50.4 = 7.2%),
p=0.677) the total pump time (72.5 = 15.2 min vs. 75.3 £ 14.6 min), p=0.435) and the
overall duration of operation (210.4 + 28.5 min vs. 215.9 + 30.1 min). p=0.4 All

patients in the two categories received CABG surgery. The finding of these parameters

indicates a negligible difference in significant parameters during intraoperative

aspects of these two groups.

Table 4.2 Intraoperative Characteristics (mean +- SD) Clinical.

Variable Capnography ABG p-value (two-sided
(n=35) (n=35) t-test)

Ejection fraction (%) 49.7 £6.8 504+72 | 0.677

Total pump time | 72.5+15.2 75.3+14.6 | 0.435

(minutes)

Duration of operation | 210.4 = 28.5 2159  +]0435

(minutes) 30.1

Operation type — CABG | 35 (100%) 35 (100%) | —

(n)

The results of the study on arterial blood gas and oxygenation parameters showed that

the patients who were monitored with capnography had much better blood pH and
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lower levels of PaCO: at extubation than the ABG group (pH: 7.38 + 0.04 vs. 7.35 +
0.05, p=0.007; PaCO2: 41.2 £ 5.5 mm Hg vs. 44.8 £ 6.1 mm Hg, p=0. No significant

variation between the groups at extubation was observed in terms of PaO., SpO.,

HCOs™, and base excess (all p>0.1), which showed the oxygenation and acid-base

balance were similar. The results show that capnography monitors can lead to

statistically significant but moderate improvements in the maintenance of pH and CO:

clearance during the time of extubation, but there were no significant changes in the

overall oxygenation state.

Table 4.3 Arterial Blood Gas (ABG) Parameters:

and Post-Extubation.

Baseline, Trigger, Extubation,

Parameter Timepoint Capnography | ABG | p-value (group
(n=35) (n=35) | comparison at
Extubation)
Blood pH Baseline 7.36 +0.05 7.35 £ 0.007 (at Extubation)
0.06
Trigger 7.37+0.04 7.35 +
0.05
Extubation 7.38 +0.04 7.35 = 0.007
0.05
Post-extubation | 7.38 + 0.04 7.36 +
0.05
PaCO: (mm | Baseline 43.0+6.1 44.1 £ 0.012 (at Extubation)
Hg) 6.5
Trigger 42.0+5.8 452 +
6.2
Extubation 41.2+£55 448 £10.012
6.1
Post-extubation | 42.5+ 5.9 45.0 +
6.3
PaO: (mm | Baseline 140 £48 135 +| 0.382 (at Extubation)
Hg) 50
Trigger 150 £46 145 +
48
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Extubation 160 + 45 150 =+ 0.382
50
Post-extubation | 158 + 44 152 +
49
SpO: (%) Baseline 97.8+14 97.4 + | 0.128 (at Extubation)
1.6
Trigger 98.0+ 1.3 975 +
1.6
Extubation 98.1+1.2 97.6 +|0.128
1.5
HCOs~ Baseline 239+£23 23.5 = 0.209 (at Extubation)
(mEq/L) 2.6
Trigger 240+2.2 23.6 +
2.5
Extubation 241+2.1 23.4 £ 0.209
2.5
Base Excess | Baseline 0.6+1.6 0.4 = 0.122 (at Extubation)
(mm Hg) 1.8
Trigger 0.7+£1.5 03 =+
1.7
Extubation 0.8+1.5 0.2 +£1]0.122
1.7

The capnography and ABG groups had similar

haemodynamic and respiratory

parameters at extubation. Patient vital signs showed no real statistical differences in
the heart rate (78.5+ 10.2 vs. 82.1 + 11.5 bpm), p=0.170), respiratory rate (16.2 + 2.1
vs. 17.0 = 2.4 / min), or p=0.142), systolic blood pressure (128.4 = 12.8 vs. 131.9 +

14.5 mm Hg, p=0.288), as well as diastolic pressure. These findings indicate that the

haemodynamic and oxygenation positions of both groups during extubation were not

different or unstable.

Table 4.4 Haemodynamic: Baseline, Trigger, Extubation, Post-Extubation.

Parameter

Timepoint

Capnography
(n=35)

ABG
(n=35)

p-value

Extubation)

(at
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Heart Rate (bpm) Baseline 76.3+11.0 79.1 +£/0.170
11.8
Trigger 77.6 +£10.5 80.0 +
11.3
Extubation | 78.5 + 10.2 82.1 +£0.170
11.5
Respiratory Rate | Extubation | 16.2 2.1 17.0 +|0.142
(/min) 2.4
Systolic BP (mm | Extubation | 128.4 + 12.8 131.9 +|0.288
Hg) 14.5
Diastolic BP (mm | Extubation | 74.6 &+ 8.5 76.1 =+ 0.481
Hg) 9.2
Mean Arterial | Extubation | 92.5+9.1 947 +£0.339
Pressure (MAP, mm 10.0
Hg)
SpO: (%) Extubation | 98.1 £ 1.2 97.6 +10.128
1.5

The capnography group showed better postoperative outcomes in a variety of

parameters. The number of alarms (1.8 + 1.0 vs. 3.1 £ 1.4, p=0.001) and manipulations

(2.2+1.1vs.3.0£1.5) p=0.013) decreased in the patients monitored by capnography,

which proves the more efficient experience in the field of intraoperative management.

The extubation time was also much less in the Capnography group (180 + 40 min vs.

230 £+ 60 min, p=0.00011), and the length of stay in the ICU was also significantly

shorter (2.1 £ 0.8 vs. 2.8 £ 1.1 days, p=0.003). Even though the capnography group

achieved a high proportion of early extubation (<6 h) (80% vs. 62.9%), the difference

was not statistically important (p=0.186). Overall, the use of capnography could be

associated with a faster postoperative process and greater efficiency.

Table 4.5 Outcomes of early extubation and postoperative outcomes.

Outcome Capnography ABG p-value
(n=35) (n=35)
Number of alarms (mean + SD) 1.8+ 1.0 3.1+£14 <0.001
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Number of manipulations (mean + | 2.2 + 1.1 30+1.5 0.013
SD)
Time to Extubation (minutes) 180 +40 230+ 60 0.00011
Length of ICU stay (days) 2.1+0.8 28=+1.1 0.003
Early Extubation achieved (<6 h), n | 28 (80.0%) 22 (62.9%) | 0.186
(%)
pH Across Timepoints PaCO: Across Timepoints
Vi3 iggmgram 45.0
7.42 44.5
7.40 440y
: 1343.5
A 7.381 £
= 3 43.0
7.361 E
42.5
7.34}
42.0
7.32 41.5 Capnography
7‘3%aséline Trigger Extublation Post»Ext‘ubation 41'%&15éline . TrigAger Extub‘ation Post»Extlubation

Figure 4.1: Difference of PH and PaCO: across timepoints (capnography vs.
ABG)

No significant associations were found in the subgroup analysis of factors that might
be able to affect the early extubation. The proportion of patients who were able to
achieve early extubation (<6 h) was higher in the Capnography group (80% vs.
62.9%), but this was not a statistically significant variation (p = 0.186). Similarly, the
relative rates of early extubation were not statistically different based on the category
of ejection fraction (EF 50%: 57.1% vs. 51.4%, p=0.629) or the status of the smoker
(smokers: 42.9% vs. 48.6%, p=0.629). These findings indicate that the preoperative
EF and history of smoking of both groups did not affect early extubation significantly.
Table 4.6 Early vs Group (Expanded With EF and Smoking Status) Extubation.

Variable Category Capnography | ABG Total | p-value
(n=35) (n=35)
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Early Extubation | Yes 28 (80.0%) 22 50 0.186
(<6 h) (62.9%)
No 7 (20.0%) 13 20
(37.1%)
Ejection Fraction | EF > 50% 20 (57.1%) 18 38 0.629
(%) (51.4%)
EF < 50% 15 (42.9%) 17 32
(48.6%)
Smoking Status Smoker 15 (42.9%) 17 32 0.629
(48.6%)
Non-smoker | 20 (57.1%) 18 38
(51.4%)

The capnography group made significantly better scores in the analysis of arterial
blood gas (ABG) results at the time of extubation. Compared to the ABG group, the
capnography group had a higher percentage of patients with normal PaCO: (<45 mm
Hg) (77.1% vs. 51.4%, p=0.028), and an increased percentage of patients with normal
pH (7.35) (91.4% vs. 74.3%; p=0.049). 82.9% of capnography patients met the ABG
normality index criterion of having 3 parameters within the normal range These
findings imply that capnography monitoring was significantly linked with the
enhancement in the acid-base as well as the ventilatory conditions at the time of
extubation.

Table 4.7: Categories Group vs. PaCO: and pH

Variable Category Capnography ABG Total | p-
(n=35) (n=35) value
PaCoO: at | Normal (<45) |27 (77.1%) 18 45 0.028
Extubation (51.4%)
High (>45) 8 (22.9%) 17 25
(48.6%)
pH at | Normal 32 (91.4%) 26 58 0.049
Extubation (>7.35) (74.3%)
Low (<7.35) 3 (8.6%) 9(25.7%) | 12
ABG Normality | >3 parameters | 29 (82.9%) 20 49 0.024
Index* normal (57.1%)
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<3 normal 6 (17.1%) 15 21
(42.9%)

There were significant benefits of the capnography group in the categorical analysis
of postoperative outcomes. Compared to the ABG group, more patients (74.3% vs.
40.0%, p=0.004) had fewer manipulations (< 2) and low alarm frequency (65.7 vs.
40.0%); the capnography group recorded greater proportion of patients with a short
ICU stay ( 2 days) (68.6% vs. 45.7%, p = 0.046) and expedited extubation (less than
4 h) (57.1% vs. 28.6%, p=0.013). These findings also corroborate the finding that
indicates that capnography monitoring is associated with more efficient intraoperative
care and expedited postoperative recovery.

Table 4.8 Intraoperative Outcomes by Group (ICU Stay, Alarms and
Manipulations Extended).

Variable Category | Capnography ABG Total | p-
(n=35) (n=35) value
Alarm Frequency | Low (<2) 26 (74.3%) 14 40 0.004
(40.0%)
High (>2) | 9(25.7%) 21 30
(60.0%)
Manipulations Low (£2) 23 (65.7%) 14 37 0.032
Required (40.0%)
High (>2) |12 (34.3%) 21 33
(60.0%)
ICU Stay (days) Short (<2 | 24 (68.6%) 16 40 0.046
days) (45.7%)
Long (>2 |11 (31.4%) 19 30
days) (54.3%)
Time to | Fast (<4 h) |20(57.1%) 10 30 0.013
Extubation (28.6%)
Delayed 15 (42.9%) 25 50
(>4 h) (71.4%)

Multivariate logistic regression analysis was used to isolate independent predictors of
favourable postoperative outcomes. The modeling indicated that patients assigned to

capnography intervention arm had significantly higher odds of achieving positive
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outcomes, yielding an adjusted odds ratio (aOR) of 3.06 (95% CI 1.10-8.47, p=0.031).
Normal PaCO: at extubation was also important predictors (aOR 2.67, 95% CI 1.01-
7.02, p=0.047). Moreover, a low alarm frequency of clinical alarms (< 2) and shorter
ICU stay (< 2 days) were associated with successful recovery , indicating an aOR of
3.18 (95% CI11.21-8.29, p=0.019) and an aOR 0f 4.38 (95% CI 1.52-12.65, p=0.006),
respectively. Other clinical variables like normal pH at extubation, minimal
manipulations needed, ejection fraction of 50% or above and nonsmoking were not
significant. These results indicate that the application of capnography monitoring, the
successful control of CO-, the minimization of alarm load, and the decreased ICU stay
have a significant positive impact on improved postoperative recovery.

Table 4.9 Multivariate Logistic Regression Analysis of Early Extubation (<6

hours) Predictors.

Predictor Variable B Adjusted | 95% CI | p-
Coefficient | OR for OR value

Group (Capnography vs | +1.12 3.06 1.10-8.47 | 0.031

ABG)

PaCO: at Extubation (Normal | +0.98 2.67 1.01-7.02 | 0.047

<45 vs High)

pH at Extubation (Normal | +0.85 2.35 0.89-6.24 | 0.083

>7.35)

Alarm Frequency (Low <2 vs | +1.16 3.18 1.21-8.29 1 0.019

High)

Manipulations Required | +0.72 2.06 0.78 —5.45 | 0.142

(Low 22)

ICU Stay (<2 days vs >2 days) | +1.48 4.38 1.52 —10.006

12.65
Ejection Fraction (=50%) +0.41 1.50 0.58 —3.88 | 0.402
Smoking (No vs Yes) +0.23 1.26 0.48 —3.32 | 0.638
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Chapter 5
DISCUSSION

This study increases the full-time equivalents of the intervention group and hastens
the cessation process by our use of non-invasive monitoring techniques, including
capnography and pulse oximetry, which is evident in this study. According to the
findings of the current investigation, no significant alterations were found in arterial
oxygen saturation (SpO:) and vital signs in the control and intervention groups.
Nonetheless, there was a profound disparity shown between the two groups regarding
fraction of inspired oxygen (FiO:), intrapulmonary pressure (Pi) and tidal volume
(VT). As discussed in the current study, the intervention group showed a significant
decline in the number of ventilator and alarm changes compared to the control one.
The amount of alarm and manual configuration changes has reduced by a significant
margin. The implementation of alerts may cause alarm fatigue, which is a significant
risk to patient safety.

We have also shown that there were no apparent changes in the values of the PaCO:
and ETCO: under the conditions of the weaning process. Thus, the two had a linear
relationship (p < 0.001). The positive correlation between PaCO: and the ETCO: is
high, and the value is 0.918, and this indicates that the two variables are more likely
to go up at the same time. ETCO: may also be used to replace paCQO.. This study's
findings are in line with those described by Taghizadeh et al. and McSwain et al.,
Moses et al. and Garcia et al., all of whom showed a similar correlation between the
ETCO: and PaCO., which advocated that capnography could also serve as a non-
invasive substitute for the PaCO.. There is an increased respiratory acidosis and
decreased respiratory alkalosis. Combinations of it with serum bicarbonate and pH
have a compensatory effect. However, some studies have also indicated that both
variables are not significantly correlated, which is contrary to our results. It is
hypothetically concluded that capnography would help in a faster transition between
mechanical ventilation and reducing the amount of arterial blood gases is false (Drew
et al.) The researchers applied the non-invasive methodology in the course of
withdrawal. Capnography was apparently not suitable for patients who were seen to
experience spontaneous breathing (Casati et al.) These differences are likely due to
the differences in methods of research or population groups. Notably, many

contradictory studies discussed critically ill patients experiencing various
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Physiological dead space changes which naturally altered the ETCO. and PaCO:
gradient, but still sufficient fundamental statistical analysis has not been addressed.
The post-surgical outcomes gathered in my trial revealed operational advantages
regarding the capnography protocol. The patients who were monitored with non-
invasive waveforms required significantly fewer manual system updates (2.2 +- 1.1
vs. 3.0 +- 1.5, p = 0.013), creating more streamlined management. The mechanical
intervention should be minimised, as excessive auditory alerts cause clinical alarm
fatigue, disrupting post-operative safety patterns. Moreover, the Capnography group
showed an accelerated extubation timeframe (180 +- 40 min vs. 230 +- 60 min,
p=0.00011) and shorter ICU stays (2.1 +- 0.8 vs. 2.8 +- 1.1 days, p=0.003). Although
the percentage of early extubation (<6 h) was found to be higher in the Capnography
group (80% vs. 62.9), this outcome was not found to be statistically siginificant
(p=0.186). Overall, capnography surveillance was associated with a faster recovery
after the operation and a higher efficiency. The conclusion of this research study was
that capnography and pulse oximetry were also utilised to hasten the cessation stage
in patients who had undergone CABG surgery. Fast-Track Extubation (FTE) is
considered the most reliable approach to monitoring the cardiac surgery patients, as
the complications are drastically minimised and the recovery process is made
manageable. Unlike the FTE of 49.5% in research by Akhtar et al., FTE in the
intervention and control groups of this study was 97.1% and 54.5%, respectively. We
recommended that the FTE could be enhanced by the use of capnography in the
detection of hypercapnic events during the cessation process. The fear of hypercapnic
incidences is what causes delay in the FTE at some facilities. Therefore, this fear can
be curbed through the introduction of a 24-hour ETC O: monitoring system. On the
contrary, the use of capnography can detect hypercapnic events (41-45).

In some of the studies they found out that the concentrations of ETCO: fluctuated with
the controlled respiration, spontaneous respiration and breath-to-breath (47). This
makes the intermittent monitoring unreliable, and it is suggested that the ETCO:
should be regularly assessed at the weaning phase. A lot of changes in the MV
parameters are introduced in a timely fashion because of the role of FTE in cardiac
surgery. The non-invasive monitor is a very useful tool due to its low cost, precise and
easy accessibility in the developing countries due to the invasive nature of the ABG

technique and the fact that the analyzers are non-invasive and therefore very affordable
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in the developing countries. The indications pointed out that pulse oximetry and
capnography have the aforementioned properties.

Capnography has not been widely introduced to practice, even though it is available
in many intensive care units. One of the reasons could be that the medical personnel
were fearful of the possible risk and that there was no apparent relationship between
the PaCO2 and ETCO: (48, 49). As we have already stated in the method section, we
satisfied ourselves with a pilot clinical phase to ensure that the staff was certain about
the correctness of EtCO: in a four-hour class. This led to an increase in confidence of
the ICU personnel.

The main strength of this paper is the fact that it was done in a real-world setting. A
full-time screening of the patients was performed by an experienced pulmonologist
and the trained medical staff at our facility. In this study, the ETCO: cutoff point was
not possible because of the low sample size. Therefore, to determine the point of
demarcation, one needs to utilise a bigger sample size to conduct a study.

It was found that the CO: level of the blood in the arteries and end tidal of non-cyanotic
patients was significantly lower than those of the cyanotic patients (7.38 vs. 18.07)
before the catheterisation process. Although the difference between them is not
statistically significant, (P=0.118), it is clinically significant. The findings of this study
are in line with the findings of Burrows?®, who established that the end-tidal CO:
measurement provided a lower estimate of the arterial CO: in infants with cyanotic
heart disease. In the research performed by Choudhury et al., there was a significant
difference in the outcomes between arterial CO: and end-tidal CO: in the group of
children with congenital cardiac disease and cyanosis as compared to those in the
group with a non-cyanotic but elevated blood flow to the lungs. The further difference
between the arterial and end-tidal CO: observed in people in a cyanotic state is due to
the mixing of venous circulation. The quantity of blood that goes into the systemic
circulation devoid of oxygen absorption is established by the venous mixture process.
The difference between the expected and observed values of venous mixing might be
explained by the blood flow in the alveoli of the lung to the lungs, along with low
ventilation. Venous mixing increases imbalances between arterial CO: and end-tidal
CO..

Compared to those patients who have no underlying conditions, end-tidal CO: is more

predictive in patients with high defects and large shunts. This is because the shunt is
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not that urgent, unlike the ventilation-blood-supply ratio as seen in the various
cyanotic heart patients. Generally in cyanotic patients, alveolar dead space correlates
with a high level of venous mingling and a high level of discrepancies between arterial
and end-tidal CO.. Several previous studies have discovered the impact of inclined
levels of pulmonary alveolar proteinosis (PAP) and blood flow on gas exchange. In
view of these discussions, it is worth pondering that the difference between blood
supply and respiration can be caused in the first place by the fact that PAP increased.
The right-to-left shunt status and the augmentation of the pulmonary blood flow might
not be enough to explain the disparity between the arterial and end-tidal CO: in
children with the right-to-left shunt. An increase in the pulmonary arterial pressure
can also affect the stability of the blood supply in the ventilation process negatively,
and this may interfere with the balance of CO: (53).

The variation between the arterial and end-tidal CO: levels of the participants with the
cyanotic cardiac disease was lowered to 9.2 after the catheterisation operation, which
was 18.07 before the intervention. Ventilation and blood supply of these patients have
also become much better, as evidenced by the rise in the arterial blood oxygen and fall
in the arterial CO: level after catheterisation (55 vs 71.4 and 40.2 vs 43.93,
respectively). Moreover, it is expected that the venous admixture of these patients
would be significantly enhanced since the congenital heart diseases of these patients
were corrected. The apparent difference between arterial and end-tidal CO: values
depends upon venous mixing and ventilation-perfusion ratio. This difference could
have been reduced after the correction of the valvular defects of the patients, which
could be explained by the fact that the given parameters improved. Once this problem
1s overcome, end-tidal CO. will be used as a more accurate measure of arterial CO:
(54, 55).

End-tidal CO: and arterial CO: did not exhibit a statistically apparent difference in the
cyanotic patients before the catheterisation procedure (r=0.411, P=0.128).
Nevertheless, these outcomes were correlated in the post-catheterisation period,
P=0.014). Thus, it would seem that end-tidal CO: has no relevant data on the CO:
concentration in the artery of the patient with cyanotic cardiac disease before the
insertion of the catheter. Nonetheless, it has the capacity of being a reliable tool in the
CO: analysis by correcting the shortcoming. Arterial CO2 implementation is suggested

to be applied to this cohort (57).
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Prior to catheterisation, a positive association between the end-tidal and arterial CO-
was found within the acyanotic patient subgroup (r=0.576, P=0.001). This baseline
dependency indicates that end-tidal CO: is a reliable surrogate tracker for arterial CO-
in this clinical cohort. This aligns with the previous findings of Lazzell and Burrows,
who established a strong relationship between end-tidal and arterial CO2 among the
acyanotic volunteers. This accuracy is due to the minimal alveolar dead space in such
patients, which allows highly effective gas exchange and reduces the differences
between end-tidal and arterial CO: values.

The research is among the limited ones which prospectively assess the correlation
between end-tidal and arterial CO2 concentrations in patients with congenital cardiac
disorders, i.e., patients who have been subjected to surgical operations. Nevertheless,
our survey had a lot of limitations. The catheterisation procedure was performed as
the CO: in the arterial blood and end-tidal blood were measured. The study also failed
to assess the amount of pulmonary blood flow and the pressure on the pulmonary
artery, which has the potential of influencing the end-tidal CO: of the patients.
Research in the future with the inclusion of these elements can be beneficial in the
future. This study has revealed that the number of full-time equivalents in the
intervention group was comparatively higher, and the process of cessation was
hastened through non-invasive monitoring, i.e., capnography and pulse oximetry.
While the current study does not reveal any significant differences in the results of
arterial oxygen saturation (SpO:) or vital signs between the intervention and control
groups. However, clear variations emerged between the tidal volumes (VT), peak
inspiratory pressures (Pi), and the fractions of inspired oxygen (FiO:) between the two
groups. The current study demonstrated a significant reduction in the rate of manual
ventilator and alarm alterations in the intervention group as compared to the control
group. The mitigation in alarms and manual configuration changes is rather
significant. More warnings may result in alarm fatigue, which can be a major issue in
regard to patient safety (58-59).

The amount of ETCO: was observed to be varying in cases of controlled breaths and
spontaneous breathing, including inhalation, in some studies. Consequently,
intermittent monitoring is not very reliable, and it is advisable that ETCO: be
intermittently monitored in the cessation process. Given the significance of fast-track

extubation in modern cardiac surgery, a lot of real-time adjustments are applied to

48



tidal volume parameters at the moment. Considering the invasive character of the
ABG technique and the fact that there are few ABG analyzers in the developing
countries, its non-invasive, cost-effective qualities and timely nature are very
advantageous. The evidence indicated that both capnography and pulse oximetry have
the said characteristics.

The application of capnography in clinical practice is not a common practice, even
though many ICUs have it available. The fear of the medical staff about the risks and
the correct proportion of PaCO: and ETCO: is one of them. To ensure that the staff
were conversant with the accuracy of EtCO., we adopted a pilot clinical stage of a
period of four hours of the session, as was explained in the methodology section. This
increased the confidence of the staff in the ICU.

The primary strength of this study lies in its execution within a real-world clinical
setting, with comprehensive patient screening by a pulmonologist along with
standardised training for all medical personnel. The cutoff point, which was the
ETCO., was not mathematically feasible because of the small sample of the study.
Resultantly, future large-scale , multi-centre studies with large cohorts are guaranteed

to precisely define this threshold.
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CONCLUSION

The experiment was carried out on 70 patients who were undergoing CABG surgery;
the research indicates that capnography monitoring has important clinical benefits as
compared to the traditional ABG-based management. The differences seen could not
be attributed to inherent variability since the baseline demographic, clinical, and
intraoperative features were well distributed between groups. Capnography use during
the time of extubation was linked to better peri-extubation ventilation, which was
measured by significantly lowering the levels of PaCO: and showing high pH values.
The capnography cohort had a higher CO: clearance, indicating that the real-time
ventilatory guidance was more efficient. There were no differences in the oxygenation
parameters. The benefits of capnography were achieved without having a negative
impact on the cardiovascular parameters, as demonstrated by the similarity in the
haemodynamic stability of the two groups. Monitoring of postoperative patients with
capnography use resulted in the reduction of the number of alarms and manipulations,
faster extubation, and shortening of the ICU stay. The findings indicate that the
recovery efficacy and intraoperative management have been enhanced. Categorical
tests confirmed that capnography was associated with a decreased alarm load, reduced
ICU, reduced extubation time, and intervention reduction. The outcomes of the
multivariable regression analysis exhibit that the use of capnography, normal PaCO:
at the time of extubation, low alarm frequency, and short ICU stay are independent
predictors of successful early extubation. Compared to the single reliance on the use
of ABG-based monitoring, capnography monitoring was associated with significant
benefits in ventilatory control and postoperative recovery. The findings justify the use
of the continuous use of capnography in the standard care of CABG patients during
perioperative practice to enhance recovery outcomes, efficiency of the working

process, and ventilation management.
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RECOMMENDATION
Regular inclusion of capnography in CABG procedures: Capnography, which

has been proven to be positive in the management of the ventilatory system,
elimination of CO: and post-operative recovery after surgery, should be
regularly included as a monitoring apparatus during and immediately after the
surgery.

Capnography, in particular, end-tidal CO2 monitoring, can shorten the effect
of mechanical ventilation and ICU stay, as well as offering dependable and
noninvasive data to make informed extubation decisions.

The use of capnography makes it possible to efficiently assess ventilation and
at the same time decreases the usage of interventions and alarms.
Consequently, clinicians can consider decreasing the number of invasive
arterial blood gas (ABG) samples to only those cases in which a metabolic
imbalance or a complicated acid-base imbalance is expected.

Development and Training of a Protocol: To maximise the value of
capnography and standardise its interpretation and response, institutions will
need to develop standard protocols and offer specialised training to
anaesthesia, perfusion and ICU staff.

Enhanced Surveillance of at-Risk Patients: Continuous capnography is an
important supplement that can be of significant utility to patients with a history
of respiratory problems, prolonged pump time, or those who are expected to
have difficulty in ventilation.

To confirm the existing results on capnography and assess its effects on long-
term results and cost-effectiveness, it is necessary to perform future

multicentre research with larger samples.
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LIMITATION

e This research has several limitations that have to be considered when
interpreting its findings. The sample size (n=70) may be too small to provide
the statistical power to identify differences in specific secondary outcomes like
early extubation rates in subgroups. The findings of the research can be limited
to an extent in terms of their applicability to other hospitals with different
perioperative processes, patient groups, or monitoring regimes because they
were carried out in a single facility. Third, the groups at the beginning of the
study were well balanced, but confounding variables, which could not be
measured, including differences in ventilator settings, anaesthesia depth, or
intraoperative procedures in managing the patients, could have played a role.

e Fourth, the care team could not be ignorant about the capnography and arterial
blood gas monitoring strategies, which might have caused an observer or
performance bias. The main limitation of this study is that it did not track long-
term respiratory, cardiovascular, or functional recovery paths; instead, the
analytical focus was restricted to immediate peri-operative and short-term
post-operative clinical results. Despite the fact that capnography minimised
the necessity of constant arterial blood gas analysis, the cost-efficiency,
operational concerns, and patient comfort, which are the key aspects of
ensuring the widespread adoption of the technology, were not considered in

the study.
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APPENDIX-2
INFORMED CONSENT

“Comparison of capnography and arterial blood gases for prediction

of early extubation patients undergoing coronary artery bypass graft

surgery”

Informed Consent Form

Study Title:
Comparison of capnography and arterial blood gases for prediction of early
extubation patients undergoing coronary artery bypass graft surgery

Principal Investigator:
Amad khan

Anesthesia technologist | Hameed Latif Hospital, Lahore

Purpose of the Study:

You are being invited to participate in a research study that aims to evaluate the effects
of using capnography and pulse oximetry monitoring on the safety and timing of fast-
track extubation after coronary artery bypass graft (CABG) surgery. This study will
help improve monitoring practices in the intensive care unit (ICU) and potentially
enhance recovery outcomes.

Procedures:

If you agree to participate, you will be randomly assigned to one of two groups. One
group will be monitored using standard procedures, while the other group will be
monitored using both capnography and pulse oximetry. Your vital signs and blood gas
measurements will be closely monitored throughout the postoperative period. This
study involves no changes to your surgery or anesthesia, and all procedures will follow
standard clinical protocols.

Potential Risks and Discomforts:

There are no additional physical risks associated with this study beyond those involved
in standard postoperative care. Monitoring devices are non-invasive and pose minimal
risk. You may experience mild discomfort during routine blood gas sampling.

Potential Benefits:
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Your participation may not directly benefit you, but the findings from this study could
help improve the safety and efficiency of postoperative care for future patients
undergoing similar surgeries.

Confidentiality:

All information collected during the study will remain strictly confidential. Your
identity will not be disclosed in any reports or publications. Data will be stored
securely and accessed only by authorized study personnel.

Voluntary Participation:

Your participation in this study is entirely voluntary. You may refuse to participate or
withdraw at any time without affecting your medical care or legal rights.

Contact Information:

If you have any questions or concerns about the study or your participation, you may

contact:
Principal Investigator: Amad Khan
Phone: 0341-5252376

Email: amadk8108@gmail.com

Participant Consent
I have read (or had read to me) the information provided above. I have had the
opportunity to ask questions, and my questions have been answered to my satisfaction.

I voluntarily agree to participate in this study.

Participant’s Name:
Signature: Date:
Investigator’s Name:
Signature: Date:
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APPENDIX-3
QUESTIONNAIRE

“Comparison of capnography and arterial blood gases for prediction
of early extubation patients undergoing coronary artery bypass graft
surgery”

Section 1: Demographic Characteristics

1. What is the patient’s age? (in years)

2. What is the patient’s gender?
o [ Male
o U Female

3. What is the patient’s Body Mass Index (BMI)? (kg/m?)

4. Does the patient have a history of smoking?
o O Yes
o [ONo
5. Does the patient have a history of opium use?
o [Yes
o UNo
Section 2: Comorbidities
6. Does the patient have renal diseases?
o O Yes
o [HNo
7. Is the patient diagnosed with diabetes mellitus?
o O Yes
o UNo
8. Is the patient diagnosed with hypertension?
o O Yes
o UNo
Section 3: Clinical Characteristics

9. What is the patient’s Ejection Fraction (EF)? (%)

10. What was the total pump time during surgery? (minutes)
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11. Type of operation performed:

o [ Coronary Artery Bypass Graft (CABG)

o [ Other (specify)

12. What was the duration of operation (DO)? (minutes)

Section 4: Intraoperative Parameters

13. Record the following ventilation parameters:

Parameter

Baseline

Value

Trigger

Time

Extubation

Time

Tidal Volume (VT), Ml

Inspiratory Pressure (P1), cmH-O

Fi0O2, %

Positive End Expiratory Pressure

(PEEP), cmH20

Total Flow

Controlled Flow

Exhaled Tidal Volume (TVE)

Section 5: Arterial Blood Gas (ABG) Measurements

14. Record the following ABG parameters:

Parameter Baseline Trigger Extubation Post-Extubation
Value Time Time

Blood pH

PaCO: (mm Hg)

PaO: (mm Hg)

SpO:2 (%)

Base Excess (BE),
mm Hg

HCOs™ (mEq/L)

Section 6: Hemodynamic Parameters

15. Record the following haemodynamic parameters:

Parameter

Baselin

(

Trigger

Time

Extubation

Time

Post-Extubation

Heart Rate (bpm)
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Respiratory Rate (/min)

Systolic BP (mm Hg)

Diastolic BP (mm Hg)

Mean Arterial Pressure

(MAP), mm Hg

SpO- (%)

Section 7: Postoperative Qutcomes
16. Number of alarms triggered (mean + SD):
17. Number of manipulations required (mean + SD):
18. Time to extubation (minutes):
19. Length of ICU stay (days):
20. Was early extubation achieved (<6 hours)?

o [ Yes
o O No
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