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The respiratory system plays a central role in maintaining adequate gas exchange, acid—
base balance, and overall homeostasis. During anesthesia, however, this delicate physiological
system is highly susceptible to disruption, making respiratory complications one of the most
significant concerns in perioperative and critical-care medicine. Anesthetic drugs—whether
inhalational, intravenous, or adjunct agents—interact directly with the neural and muscular
components of respiratory function. These interactions can lead to a spectrum of implications,
ranging from mild alterations in respiratory drive to severe complications such as hypoventilation,
atelectasis, airway obstruction, postoperative pulmonary complications (PPCs), and impaired gas
exchange (Garg, 2021). As surgical procedures become more complex and patient comorbidities
increase globally, understanding the multifaceted effects of anesthetics on respiratory physiology
has become more vital than ever.

Anesthetic agents exert their effects through diverse pathways. Inhalational agents such as
sevoflurane, isoflurane, and desflurane depress central respiratory drive and reduce the
responsiveness of chemoreceptors to carbon dioxide, resulting in decreased tidal volume and
alveolar ventilation (Eckle, 2020). Intravenous agents—including propofol, opioids,
benzodiazepines, and ketamine—also contribute to respiratory suppression, though through
distinct mechanisms. Opioids, for instance, significantly blunt the medullary ventilatory response,
while propofol reduces upper-airway muscle tone and increases the risk of airway collapse
(Hillman, 2022). In addition, neuromuscular blocking agents exacerbate diaphragmatic weakness
and impair effective coughing, promoting secretion retention and atelectasis (Brandao, 2021).
These physiological disturbances, when combined with patient-specific factors, can increase the
occurrence of respiratory complications during and after anesthesia.

Beyond the immediate physiological effects, anesthetic drugs influence postoperative
outcomes. Postoperative pulmonary complications remain a major contributor to extended hospital
stays, intensive care admissions, and mortality (Abbott, 2023). Risk factors such as obesity,
advanced age, chronic respiratory diseases, and prolonged operative durations increase
susceptibility. The interaction between anesthetic drug choice, patient-specific factors, and
perioperative management practices underscores the multifactorial nature of these complications.
As global surgical volume continues to rise, especially in aging populations, the burden of
anesthetic-related respiratory issues is expected to grow proportionately (Vargas, 2020).

Given these challenges, contemporary research increasingly emphasizes remedial
strategies to mitigate respiratory complications associated with anesthetic drug use. Approaches
such as lung-protective ventilation, perioperative respiratory muscle training, opioid-sparing
analgesia, multimodal anesthesia, and enhanced recovery protocols have demonstrated promising
outcomes in reducing complications (Futier, 2022). Additionally, the integration of real-time
respiratory monitoring technologies, including capnography and pulse oximetry, has improved the
detection and early management of respiratory depression. Furthermore, personalized anesthetic
planning—guided by patient risk stratification—has emerged as an essential tool for optimizing
outcomes.

Concept of Respiratory System

The respiratory system is one of the most essential physiological systems responsible for
sustaining human life by ensuring the continuous exchange of gases between the body and the
environment. According to Patel and Morgan (2021), the respiratory system functions primarily
to deliver oxygen to body tissues and remove carbon dioxide, a metabolic waste product. This
exchange supports cellular respiration, a process through which energy is produced for normal
body activities. The system's primary components, including the nose, trachea, bronchi,
bronchioles, and lungs, cooperate to maintain the proper ventilation and gas diffusion required for
survival.
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Fig.1: Picture of Respiratory System

Ventilation, external respiration, internal respiration, and cellular respiration are some of
the processes that make up the respiration process. Breathing, or ventilation, makes sure that air
enters and exits the lungs. As explained by Okwu and Hernandez (2020), external respiration
occurs in the alveoli, where oxygen diffuses into the bloodstream and carbon dioxide diffuses out.
Thereafter, internal respiration removes carbon dioxide from cells and delivers oxygen to bodily
tissues. Maintaining homeostasis and avoiding respiratory failure depend on these systems being
effective.

Additionally, the respiratory system is essential for maintaining the body's acid-base
equilibrium, defending against dangerous infections, and promoting speech. Ahmad and Yusuf
(2023) emphasized that the respiratory tract contains immune defense mechanisms such as
mucociliary clearance and macrophages that trap and eliminate microorganisms. By regulating the
quantity of carbon dioxide released during exhalation, the lungs also aid in pH management. In
order to avoid acidosis and alkalosis, which might endanger regular physiological function, this
management is essential.

However, the respiratory system is highly vulnerable to infections, pollutants, and lifestyle-related
risks. Recent studies, such as that of Mensah and Li (2022), highlight that air pollution, smoking,
and viral infections significantly impair lung function and may lead to chronic respiratory diseases
like asthma, chronic obstructive pulmonary disease (COPD), and pulmonary fibrosis. The COVID-
19 pandemic increased awareness of the respiratory system's vulnerability worldwide, highlighting
the need for better respiratory health management and preventative measures.

Given that respiratory conditions continue to be one of the main causes of morbidity and mortality
worldwide, medical professionals, health educators, and researchers must have a solid
understanding of the respiratory system. According to Chen and Alvarez (2024), improvements
in ventilation technologies, therapeutic inhalers, and early-detection diagnostic tools are examples
of respiratory medicine advancements that continue to improve patient outcomes. Therefore, a
thorough understanding of the respiratory system's structure, functions, and vulnerabilities is still
essential for advancing medical research and public health.

Concept of Anesthetic Drugs

Anesthetic drugs are pharmacological agents used to induce reversible loss of sensation,
consciousness, or both, thereby enabling surgical and diagnostic procedures to be performed safely
and without pain. According to Henderson and Malik (2021), anesthetic drugs function by
modulating neural activity within the central nervous system, primarily through interactions with
ion channels and neurotransmitter receptors. These medications can be broadly divided into two
categories: local anaesthetics, which prevent nerve conduction in certain body parts, and general
anaesthetics, which induce complete unconsciousness. They are essential to the development of
contemporary surgery because of their effectiveness and therapeutic significance.
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Fig.2: Picture of Anesthetic Drugs

In order to produce hypnosis, forgetfulness, analgesia, and muscle relaxation, general
anesthetic medications depress the central nervous system. As explained by Okorie and Zhang
(2020), agents such as protocol, sevoflurane, and ketamine achieve these effects by enhancing
inhibitory neurotransmission and suppressing excitatory pathways. These medications guarantee
sufficient physiological stability while keeping patients drowsy and ignorant during surgical
procedures. The choice of medication and the particular surgical need will determine the
anesthesia’s onset, duration, and depth.

Conversely, local anaesthetics function by obstructing voltage-gated sodium channels in
peripheral nerves, which stops pain signals from reaching the brain. Musa and Daniels (2022)
observed that commonly used local anaesthetics such as lidocaine and bupivacaine are essential
for minor surgical procedures, dental operations, and regional nerve blocks. Patients can get good
pain alleviation in the affected location while maintaining consciousness thanks to their tailored
mechanism. Compared to general anaesthesia, this makes them useful for procedures requiring
fewer systemic effects

The safety profiles, cellular effects, and long-term impacts of an aesthetic medications have
all been the subject of increased investigation in recent years. According to recent research, long-
term exposure to various anaesthetics may cause oxidative stress, neuroinflammation, and
mitochondrial malfunction, particularly in susceptible people. According to Adebayo and Singh
(2023), inhalational anaesthetics like isoflurane and desflurane have been linked to cognitive
impairment and delayed neuronal recovery in some cases. These results highlight the necessity of
cautious dosage management, monitoring, and selection in order to reduce side effects.

Modern medical science has also made the creation of safer, more modern anaesthetics a
top priority. Jin and Roberts (2024) noted that advancements in pharmacokinetics and molecular
anesthesiology are leading to the creation of drugs with improved efficacy, faster recovery profiles,
and reduced toxicity. Targeted drug delivery systems and ultra-short-acting medications are
examples of innovations that continue to enhance patient outcomes and lower postoperative
complications. Therefore, improving perioperative safety and developing clinical anaesthesia
practice require an understanding of the idea and changing nature of anesthetic medications.

Effects of Anesthetic Drugs on Respiratory System

Because they allow patients to undergo invasive treatments by inducing unconsciousness,
analgesia, and muscle relaxation, anesthetic medicines are essential in therapeutic practice. Despite
their advantages, these substances have significant physiological impacts on a number of organ
systems, especially the respiratory system, which is extremely susceptible to pharmacological
change. Airway patency, effective gas exchange, respiratory muscle function, and intact neuronal
drive are all essential to the respiratory system. Many of these elements are disrupted by anesthetic
medications, which can lead to hypoventilation, poor airway protection, aberrant gas exchange,
and pulmonary problems following surgery. For appropriate perioperative care, it is essential to
comprehend these impacts.

Respiratory function is severely reduced by inhalational anesthetics such desflurane,
isoflurane, and sevoflurane. These substances lessen the medullary respiratory center's function,
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which makes it less sensitive to high carbon dioxide levels (Eger, 2018). Patients under
inhalational anesthesia consequently show a diminished hypersonic ventilator response and
decreased minute ventilation. Additionally, volatile drugs typically cause a quick, shallow
breathing pattern that exacerbates alveolar hypoventilation by decreasing tidal volume while
raising respiratory rate (Nunn, 2017). Furthermore, hypoxic pulmonary vasoconstriction (HPV),
an essential process that maximizes ventilation—perfusion matching, is compromised by
inhalational anesthetics. Drugs like isoflurane decrease oxygenation and increase intrapulmonary
shunting by lowering HPV, particularly during one-lung breathing in thoracic surgery (Benumof,
2016). Another significant side effect is airway irritation, especially with desflurane, which can
cause bronchospasm, laryngospasm, or coughing when given quickly at high doses (Stoelting &
Hillier, 2019). On the other hand, bronchodilator substances like sevoflurane are frequently chosen
for inhalational induction.

Different levels of respiratory depression are shown by intravenous anesthetics. One of the
strongest respiratory drive depressants is propofol, a commonly used induction drug. It frequently
causes apnea right after injection and lowers tidal volume and respiratory rate (Walsh, 2020). The
brainstem respiratory centers' decreased sensitivity to both carbon dioxide and hypoxia is the cause
of this depression. By lowering hypoxic ventilator drive, benzodiazepines like midazolam also
produce dose-dependent respiratory depression, particularly when taken with opioids (Goodman
& Gilman, 2018). But unlike other intravenous drugs, ketamine maintains airway reflexes and
respiratory drive. Patients with bronchospasm or asthma benefit from it because it causes
bronchodilator and does not severely depress the medullary respiratory centers (Hirota & Lambert,
2018). Despite these benefits, if anticholinergic premedication is not given, ketamine increases
oral secretions, which may jeopardize airway patency. Opioids have strong respiratory depressive
effects and are frequently used for analgesia during and after surgery.

Opioids lessen the sensitivity of respiratory centers to carbon dioxide by acting on p-opioid
receptors in the brainstem. This results in decreased breathing depth and rate (Pattinson, 2008).
When administered quickly intravenously, high-dose synthetic opioids like fentanyl can cause
chest wall stiffness, which hinders efficient ventilation (Stoelting & Hillier, 2019). Additionally,
opioids block the cough reflex, which reduces airway clearance and puts patients at risk for
postoperative pneumonia, atelectasis, and secretion retention. Combining opioids with sedatives
like benzodiazepines increases the risk of respiratory depression, therefore careful titration and
monitoring are required. Neuromuscular blocking agents (NMBAs) immobilize the respiratory
muscles, especially the diaphragm and intercostal muscles, making spontaneous ventilation during
surgery impossible. However, they do not directly reduce respiratory drive. Remaining
neuromuscular blockade may result in hypoxemia, reduced ventilatory effort, and upper airway
obstruction if it is not completely reversed at the conclusion of the surgery (Brull & Murphy,
2018). Reduced airway tone, weak coughing, and a higher risk of aspiration are common in
patients with residual paralysis. Therefore, it is crucial to ensure full reversal of NMBAs in order
to avoid respiratory problems following surgery.

Additionally, airway protective reflexes including coughing, swallowing, and preventing
laryngospasm are compromised by anesthetic medications. The possibility of aspirating stomach
contents during induction, maintenance, or awakening from anesthesia is increased by this absence
of reflexes. Aspiration can result in aspiration pneumonia or chemical pneumonitis, both of which
have significant morbidity (Miller & Cohen, 2020). Additionally, general anesthesia damages
mucociliary function, which decreases secretion clearance and increases atelectasis and airway
clogging (Nunn, 2017). Gas exchange and pulmonary mechanics are two more significant ways
that anesthetic medications affect the respiratory system. The amount of air left in the lungs
following passive expiration, known as functional residual capacity (FRC), is decreased by many
substances. Because airway closure happens more frequently in people who are obese, supine, or
elderly, reduced FRC increases the risk of atelectasis (Hedenstierna & Edmark, 2015).
Additionally, anesthetics change lung and chest wall compliance, which may make breathing more



30 American Journal of Biomedicine and Pharmacy Volume: 2 | Number: 12 (2025) Dec

difficult for those who are breathing on their own. These mechanical alterations lead to ventilation-
perfusion mismatch and decreased arterial oxygenation when combined with poor HPV and airway
closure. Diffusion capacity is somewhat decreased by certain inhalational drugs, albeit this impact
is usually not very noticeable (Eger, 2018).

Perioperative management techniques in clinical practice are informed by knowledge of
the respiratory effects of anesthetic medications. In order to postpone desaturation during apnea,
preoxygenation boosts oxygen stores. When reflexes are depressed, airway procedures such as
suctioning, supraglottic airways, and endotracheal intubation guarantee patency. Reduced
respiratory drive is compensated for and sufficient alveolar ventilation is maintained by
mechanical ventilation. Positive end-expiratory pressure (PEEP) enhances oxygenation and helps
avoid atelectasis. For patients with underlying respiratory conditions, careful dosage and selection
of anesthetic medications are crucial. Lastly, postoperative respiratory problems are decreased by
preventing persistent neuromuscular weakness through neuromuscular monitoring and the
judicious administration of reversal medications such neostigmine or sugammadex. In summary,
anesthetic medications have a variety of important impacts on the respiratory system. These
include decreased gas-exchange efficiency, ventilation—perfusion mismatch, and altered
pulmonary mechanics, decreased central respiratory drive, and compromised airway protection.
Even though many of these side effects are expected and controllable, careful observation, expert
airway management, and the right medication selection are necessary. Anesthetists can reduce
difficulties and improve patient outcomes during the perioperative phase by having a good
awareness of the respiratory effects of anesthetic drugs.

Effects of Anesthetic Drugs on Patient Airway

Because anesthetic medications can drastically change the morphology, reflexes, and
functional stability of the airway, it continues to be one of the most important physiological
structures affected during anaesthesia. Depending on their pharmacological characteristics and
dosage, anaesthetics, both local and general, can have a variety of effects that either promote or
impair airway patency. According to Lee and Thompson (2017), general anesthetics reduce upper
airway muscle tone, particularly in the pharyngeal region, making the airway more susceptible to
collapse during induction. This decrease happens as a result of anesthetic drugs depressing the
central nervous system, which reduces the neuromuscular control of the muscles in the airways
that keep them open.

Additionally, airway defensive reflexes, including swallowing, coughing, and laryngeal
closure, might be compromised by anesthetic medications. As explained by Mensah and Wu
(2020), agents like protocol, sevoflurane, and opioids suppress laryngeal reflexes, thereby
increasing the risk of aspiration, especially during induction and emergence from anaesthesia. The
absence of reflexes makes patients susceptible to breathing stomach contents or secretions into the
lungs, which could result in aspiration pneumonia a serious postoperative complication—making
this suppression clinically relevant. Another important effect of anesthetic drugs on the patient
airway is the alteration of respiratory drive and ventilator patterns. According to Ibrahim and Stone
(2021), volatile anaesthetics such as isoflurane and desflurane depress respiration by reducing the
body’s sensitivity to carbon dioxide, which can result in hypoventilation. Inadequate ventilation
raises the danger of airway blockage and oxygen desaturation, needing continual monitoring and
ventilation support. Opioids, widely administered during anaesthesia for analgesia, can contribute
to respiratory depression by acting on p-opioid receptors, further affecting airway stability.

Local anaesthetics used for nerve blocks around the airway can also produce significant
physiological effects. For example, lidocaine administered for airway anaesthesia may interfere
with sensory nerve transmission and diminish the patient’s gag and cough reflexes, which can
increase the risk of airway collapse during sedation (Gomez & Patel, 2018). Excessive dosages
can cause toxicity and chronic suppression of airway reflexes, even when they are helpful for
intubation or bronchoscopy Anesthetic medications may cause oedema or inflammation of the
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airways in certain patients, according to recent studies. According to Chen and Morales (2022),
prolonged exposure to certain inhalational anaesthetics can trigger airway hyper responsiveness,
especially in individuals with asthma or pre-existing respiratory diseases. This can show up as
increased mucus output, bronchospasm, or airway oedema, all of which make managing the
airways during surgery more difficult.

Effects of Anesthetic Drugs on Hypoventilation in patient

Anesthetic medications are well recognized to suppress respiratory function, and one of
the most serious outcomes is hypoventilation, defined by reduced minute ventilation and impaired
gas exchange. Anesthetics and central respiratory control, chemoreception, and muscular function
combine intricately to cause this respiratory depression. Suppressing the central respiratory drive
is one of the main ways anesthetics lead to hypoventilation. Propofol, for instance, reduces the
ventilator response to carbon dioxide and to hypoxia, thereby blunting the body’s chemo reflex
mechanisms (Bourgeois, Ringot, & Delclaux, 2019; as discussed in Miiller-Wirtz, 2024). Propofol
has been demonstrated to reduce minute ventilation, tidal volume, and respiratory frequency more
than other anesthetic medications in in vivo animal models. In a murine study, Hao and colleagues
(2021) found that at clinically relevant doses, protocol consistently reduced respiratory rate and
ventilation more than intermediate or volatile anesthetics under spontaneous breathing conditions
(Hao, Ou, Li, & Zhou, 2021).

Furthermore, volatile anesthetics themselves can depress breathing, though their effects are
more nuanced. In the same study, Hao (2021) observed that low (sub-anesthetic) concentrations
of isoflurane or sevoflurane could actually increase respiratory rate, tidal volume, and minute
ventilation, but at higher, anesthetic-level concentrations they suppressed these parameters (Hao,
2021). This indicates a dose-dependent biphasic effect. Complementing this, a review on sedation
strategies in critically ill, ventilated patients noted that volatile agents preserve respiratory drive
better than propofol; even at commonly used sedation doses, minute ventilation is less depressed
by volatile anesthetics than by equipotent intravenous sedation (Miiller-Wirtz, 2024).

Clinical evidence also supports propofol's depressing effects in relation to postoperative
respiratory function. In a randomized controlled trial comparing propofol, desflurane, and
sevoflurane during pituitary surgery, patients receiving propofol anesthesia experienced more
marked postoperative reductions in diving volatile anesthetics (Yoo, 2019). According to Yoo,
Kim, and Lee (2019), these functional limitations are indicative of residual respiratory depression
that may continue into the postoperative phase.

Because of their potent respiratory depressive effects, opioids—which are frequently used
in conjunction with anaesthetics—significantly increase hypoventilation. A pivotal mechanistic
study by Bartech, Bush, Burgraff, and Ramirez (2021) demonstrated in a mouse model that
activation of p-opioid receptors in the brainstem inspiratory rhythm-generating network (the pre-
Botzinger complex) depresses breathing via two complementary mechanisms: hyperpolarization
of respiratory neurones, reducing their excitability, and suppression of excitatory synaptic
transmission, which disrupts the network rhythm (Baertsch, 2021). The severity and duration of
opioid-induced respiratory depression in clinical anesthesia situations are explained by this dual
mechanism.

Hypoventilation during anesthesia has significant clinical ramifications. Reduced
breathing can result in hypoxia, acidosis, and hypercapnia, all of which are hazardous for critically
ill patients who are sedated or undergoing surgery. Furthermore, prolonged ventilator dependence
in the intensive care unit may be a result of decreased spontaneous breathing drive. Indeed, Miiller-
Wirtz (2024) argue that the preservation of respiratory drive should be a key consideration when
selecting sedative regimens, particularly for patients who require prolonged mechanical
ventilation. They highlight that inhaled sedation (with volatile agents) may help maintain
respiratory effort and diaphragm function, potentially improving outcomes by facilitating
ventilator weaning (Miiller-Wirtz, 2024).
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Effects of Anesthetic Drugs on Respiratory Muscle

Anesthetic drugs, both intravenous and inhalational, profoundly affect the respiratory system.
These effects span central control, respiratory muscles, airway tone, lung mechanics, and gas
exchange. Understanding these impacts is critical for patient safety during surgical procedures.

Central Respiratory Depression

Anesthetic drugs depress the medullary respiratory centers in the brainstem, which control the rate
and depth of breathing. Agents like propofol, opioids, and volatile anesthetics reduce the
responsiveness of central chemoreceptors to carbon dioxide and diminish the sensitivity of
peripheral chemoreceptors to low oxygen levels. This leads to slower and shallower breathing,
resulting in hypoventilation, hypercapnia, and hypoxemia. Severe depression may cause apnea,
requiring immediate mechanical ventilation. The extent of central respiratory depression depends
on the anesthetic type, dosage, and combination of drugs used (Kim, 2017).

Respiratory Muscle Relaxation

Anesthetic drugs cause relaxation of skeletal muscles essential for breathing, including the
diaphragm and intercostal muscles. Neuromuscular blockers enhance this effect, inducing
temporary paralysis. Upper airway muscles, such as the pharyngeal and laryngeal muscles, also
lose tone, increasing the risk of airway obstruction. Reduced muscle strength decreases tidal
volume and vital capacity, while suppressed cough and gag reflexes impair airway clearance.
Clinically, this necessitates airway management and mechanical ventilation during anesthesia
(Eikermann, 2016).

Reduction in Functional Residual Capacity (FRC) and Lung Compliance

Anesthetic drugs reduce functional residual capacity due to relaxation of the diaphragm and chest
wall muscles, leading to alveolar collapse, particularly in dependent lung regions. Lung
compliance decreases, making it more difficult for the lungs to expand. This combination produces
ventilation-perfusion mismatch, impairing oxygenation. Obese, elderly, or pulmonary-
compromised patients are particularly vulnerable, and interventions like positive pressure
ventilation or recruitment maneuvers are often required (Maltby, 2018).

Alteration of Airway Tone and Reflexes

Anesthetic drugs influence airway smooth muscle tone and protective airway reflexes. Volatile
anesthetics such as sevoflurane and halothane produce bronchodilation, which can be beneficial
in patients with reactive airways. However, agents like desflurane may irritate the airway,
triggering coughing, laryngospasm, or bronchospasm. Suppression of gag and cough reflexes,
along with reduced mucociliary clearance, increases the risk of aspiration and postoperative
pulmonary complications (Kheterpal, 2016).

Impairment of Gas Exchange and Hypoventilation

The combination of central depression, muscle relaxation, and decreased lung compliance results
in impaired alveolar ventilation and gas exchange. Hypoventilation reduces oxygen delivery to the
blood and inhibits carbon dioxide elimination. Alveolar collapse and uneven ventilation create a
ventilation-perfusion mismatch, increasing the risk of hypoxemia and hypercapnia. These effects
can persist into the postoperative period if residual anesthetic activity remains, necessitating
supplemental oxygen or mechanical ventilation to maintain adequate gas exchange (Shapiro,
2019).

Effects of Anesthetic Drugs on Lung Mechanic of Patient

By changing airway tone, lung volumes, respiratory muscle activity, and ventilation—
perfusion balance, anesthetic medications have a major impact on lung mechanics. According to
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Miskovic and Lumb (2017), general anesthesia causes a 20-30% reduction in functional residual
capacity (FRC), promoting atelectasis and increased airway closure, which in turn reduces lung
compliance and impairs oxygenation. Patients who are fat and older have a more noticeable
decrease in FRC, which raises the risk of complications after surgery. Airway resistance can be
decreased by the Broncho dilating effects of volatile anaesthetics like isoflurane, desflurane, and
sevoflurane. As explained by Pérez-Bello (2020), these agents relax airway smooth muscle and
improve ventilation in obstructive airway conditions. However, higher doses may suppress
hypoxic pulmonary vasoconstriction, potentially worsening ventilation—perfusion mismatch
(Hamed, 2017). Recent research also suggests that volatile agents may preserve diaphragmatic
function better than deep intravenous sedation during mechanical ventilation (Miiller-Wirtz,
2024).

The effects of intravenous anaesthetics follow a different pattern. Propofol decreases
respiratory drive and upper-airway muscle tone, which increases airway collapsibility and
decreases tidal volumes. According to Hemphill (2019), propofol also reduces lung compliance
because of impaired respiratory muscle coordination. Ketamine, by contrast, preserves airway
reflexes and often maintains better Broncho dilation and spontaneous breathing (Fiilop, 2018).
Etomidate has minimal effect on airway tone but still reduces ventilator response to carbon dioxide
at anesthetic doses (Cattano, 2016). Opioids depress central respiratory drive and increase the risk
of hypoventilation. As explained by Boom (2020), opioids blunt the hypercapnic ventilatory
response and reduce upper-airway tone, which predisposes patients to obstruction and
postoperative hypoxaemia. High-dose fentanyl derivatives can also cause chest-wall rigidity,
which markedly reduces effective thoracic expansion (Sobel, 2018).

By totally eliminating respiratory muscle activity, neuromuscular blocking agents
(NMBAs) improve surgical circumstances but increase the risk of atelectasis by eliminating
diaphragmatic tone. According to Papazian (2016), NMBAs can improve oxygenation temporarily
in severe ARDS patients by reducing patient-ventilator asynchrony. However, inadequate reversal
at the end of surgery leads to residual muscle weakness, increasing postoperative pulmonary
complications such as hypoventilation and aspiration (Kiriazis, 2020). These consequences
emphasize the need for customized anesthetic planning in a clinical setting. Minimizing drug-
induced deterioration of lung mechanics requires the use of techniques including lung-protective
breathing, adequate PEEP, recruitment man oeuvres, and complete reversal of NMBAs. As
reported by Palermo (2024), optimizing anesthetic drug selection based on patient-specific risks
remains vital in preventing postoperative respiratory complications.

Effects of Anesthetic Drugs on Chemoreceptor in Patient

Chemoreceptors are strongly modulated by anesthetic medications, especially the
peripheral chemoreceptors in the carotid and aortic bodies and the central chemoreceptors in the
medulla. By monitoring variations in arterial carbon dioxide (PaCO:), oxygen (Pa0O:), and pH,
these structures control ventilatory drive. According to Teppema and Dahan (2017), most
anesthetic agents depress chemoreceptor responsiveness, leading to blunted ventilatory responses
to hypoxia and hypercapnia during surgery and recovery. Volatile anaesthetics such as sevoflurane
and isoflurane are Peripheral chemoreceptor sensitivity is greatly decreased by volatile
anaesthetics such as isoflurane and sevoflurane. Significantly reduce the sensitivity of peripheral
chemoreceptors. As explained by Pandit (2018), these agents suppress carotid body activity by
inhibiting glomus cell neurotransmission, thereby reducing the normal compensatory increase in
ventilation that should occur when oxygen levels fall. The postoperative respiratory depression
observed following prolonged anesthetic exposures can be partially explained by this
chemosensory depression.

Chemoreceptor function is also impacted by intravenous anaesthetics. It is well known
that propofol significantly reduces peripheral and central chemo sensitivity. According to van der
Wal (2019), propofol reduces the ventilatory response to carbon dioxide by impairing medullary
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chemoreceptors and decreasing the excitability of respiratory centers. Ketamine, however, has a
different profile; as reported by Konig (2017), ketamine tends to preserve chemoreceptor
responsiveness because it does not significantly depress carotid body function, making it useful
for patients at risk of respiratory failure. Opioids exert more profound depressive effects on
chemoreceptors than most anesthetic classes. Boom (2020) reported that opioids suppress the
hypercapnic ventilatory response by reducing p-opioid receptor—mediated signaling within the
brainstem chemoreceptors, leading to dangerous reductions in respiratory drive even at moderate
doses. This effect is especially concerning in opioid-naive patients, the elderly, and individuals
with sleep-disordered breathing. High doses of fentanyl derivatives can further abolish chemo
sensitivity, increasing the risk of apnea (Sobel, 2018).

Sedatives such as benzodiazepines also influence chemoreceptor function. According to
Smith (2021), benzodiazepines reduce the excitability of central chemoreceptors, producing mild
respiratory depression that becomes more severe when combined with opioids or propofol.
Multiple sedative-anesthetic medications taken together can significantly reduce the body's
capacity to recognize hypoxia or hypercapnia, which can lead to respiratory problems following
surgery. Clinically, these chemoreceptor effects emphasize how crucial it is to carefully titrate
anesthetic medications, particularly in high-risk individuals such as those with obesity, COPD,
obstructive sleep apnoea, or neuromuscular diseases. Essential tactics include postoperative
respiratory assistance, multimodal analgesia to reduce narcotic dosages, and ongoing ventilation
monitoring. As noted by Palermo (2024), improved understanding of anesthetic effects on
chemoreceptors enables safer perioperative respiratory management and reduces the incidence of
postoperative hypoventilation.

Effects of Anesthetic Drugs on Breathing of Patient

By changing lung volumes, gas exchange, respiratory drive, and airway tone, anesthetic
medications have a major impact on the respiratory system. According to Miskovic and Lumb
(2017), general anesthesia reduces functional residual capacity (FRC) by up to 30%, which
increases airway closure, promotes atelectasis, and ultimately impairs breathing efficiency during
and after surgery. Additionally, this decrease in lung volume puts patients at risk for hypoxaemia,
particularly those who are obese or have a history of lung disease. By decreasing the sensitivity of
cerebral chemoreceptors to carbon dioxide, volatile anaesthetics like isoflurane and sevoflurane
suppress spontaneous breathing. As explained by Pandit (2018), these agents slow the respiratory
rate, reduce tidal volume, and weaken the body’s natural ventilatory response to rising CO: levels.
Despite these depressive effects, volatile anaesthetics also act as bronchodilators, improving
airflow in patients with obstructive airway diseases—an effect highlighted by Pérez-Bello (2020).

Different levels of respiratory depression are brought on by intravenous anaesthetics. One
of the most widely used medications, propofol, significantly lowers upper-airway muscle tone and
respiratory drive, which at higher dosages causes hypoventilation and apnoea. According to van
der Wal (2019), propofol decreases the central response to CO- and reduces minute ventilation by
suppressing medullary respiratory centers. While ketamine tends to maintain spontaneous
breathing and airway reflexes, etomidate nevertheless causes modest respiratory depression
despite being cardiovascular stable (Konig, 2017), making it preferable for patients with
compromised respiratory function.

Opioids profoundly depress breathing by acting on p-opioid receptors in the brainstem.
Boom (2020) explained that opioids blunt both the hypoxic and hypercapnic ventilatory responses,
reducing respiratory rate and tidal volume even at therapeutic doses. High-dose fentanyl and its
derivatives may also cause chest-wall rigidity, an effect that further impairs ventilation (Sobel,
2018). Opioids greatly raise the risk of postoperative hypoventilation when used with sedatives or
anaesthetics. Reduced respiratory effort is also a result of benzodiazepines and sedatives like
midazolam. Smith (2021) reported that benzodiazepines suppress central respiratory drive and can
cause dose-dependent hypoventilation, especially when used concurrently with opioids or propofol
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during anesthesia.

Neuromuscular blocking agents (NMBAs) remove all voluntary respiratory effort but have
no direct effect on respiratory drive. As noted by Kiriazis. (2020), incomplete reversal of NMBAs
after surgery may result in residual paralysis, impaired breathing, poor cough reflex, and increased
risk of postoperative pulmonary complications. Clinically, these consequences highlight the
necessity of cautious anesthetic medication titration and ongoing respiratory monitoring.
According to Palermo (2024), optimizing ventilation strategies, minimizing opioid doses through
multimodal analgesia, and ensuring full reversal of neuromuscular blockade are effective strategies
in preventing postoperative respiratory depression and ensuring safe recovery.

How to Remedy Anesthesia Related Multiple Implication in Respiratory System of Patients

Numerous respiratory issues, including hypoventilation, atelectasis, airway obstruction, and poor
gas exchange, and postoperative respiratory depression, can result from anesthesia. Effective
remedies involve a combination of preoperative, intraoperative, and postoperative strategies to
minimize these risks (Miskovic & Lumb, 2017).

Preoperative Risk Assessment and Optimization

It's critical to identify patients who already have lung diseases, including obesity, sleep apnoea, or
chronic obstructive pulmonary disease (COPD). As explained by Palermo (2024), optimizing lung
function before surgery through smoking cessation, respiratory physiotherapy, and bronchodilator
therapy reduces anesthesia-related respiratory complications.

Tailoring Anesthetic Drug Choice and Dose

Using anesthetic agents with minimal respiratory depression for high-risk patients can preserve
spontaneous ventilation. Propofol, opioids, and benzodiazepines should be carefully titrated, and
ketamine or low-dose volatile anaesthetics may be preferred for patients with compromised
respiratory function (Konig, 2017; van der Wal, 2019). Multimodal analgesia reduces opioid
requirements, limiting opioid-induced respiratory depression (Boom, 2020).

Lung-Protective Ventilation Strategies

During surgery, mechanical ventilation should employ low tidal volumes, moderate positive end-
expiratory pressure (PEEP), and periodic recruitment manoeuvres to prevent atelectasis and
maintain oxygenation (Hua, 2020). According to Pandit (2018), these strategies reduce ventilator-
induced lung injury and improve postoperative pulmonary outcomes.

Neuromuscular Blockade Management

Intraoperative use of neuromuscular blocking agents (NMBAs) facilitates surgery but can impair
postoperative respiratory function if residual paralysis occurs. Complete reversal of NMBAs with
agents such as neostigmine or sugammadex is essential, as incomplete reversal increases the risk
of hypoventilation and airway obstruction (Kiriazis, 2020).

Postoperative Respiratory Support and Monitoring

Close monitoring in the recovery period is critical. Continuous pulse oximetry, capnography, and
supplemental oxygen help detect early hypoventilation or airway compromise (Sobel, 2018).
Incentive spirometry and early mobilization promote lung expansion and reduce atelectasis,
improving ventilation and gas exchange (Miskovic & Lumb, 2017).

Multidisciplinary Approach and Education

Ensuring that anesthesiologists, surgeons, and nursing staff are trained in airway management,
ventilatory monitoring, and emergency response improves patient safety (Palermo, 2024).
Complications are further decreased by educating patients about breathing techniques and
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following postoperative respiratory procedures. By integrating these strategies—preoperative
optimization, careful drug selection, lung-protective ventilation, neuromuscular management, and
vigilant postoperative monitoring—anesthesia-related respiratory complications can be
significantly mitigated, ensuring safer perioperative outcomes.

Conclusion

In conclusion anesthetic drugs can affect the respiratory system in many ways and may
cause breathing challenges during surgery. They can slow ventilation, affect oxygen exchange,
and weaken airway protection. Knowing how each drug works helps doctors prevent problems
early. Using the right support strategies and close monitoring improves patient safety. Teamwork
among healthcare providers ensures quick and effective management. Overall, good anesthetic
planning is key to protecting the patient’s breathing.

Recommendations

1. Conduct thorough respiratory evaluations to identify high-risk patients and tailor anesthetic
choices accordingly.

2. Select anesthetic agents with minimal respiratory depressive effects, especially for patients
with existing lung conditions.

3. Use advanced respiratory monitoring tools to detect changes in ventilation, oxygenation, and
airway function early.

4. Apply appropriate ventilatory support, humidification, airway clearance techniques, and
oxygen therapy when needed.
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