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Abstract: 
Anesthesia, an essential medical procedure used to induce unconsciousness and alleviate pain during 

various medical interventions, has significantly evolved over time. Anesthesiologists employ diverse 

techniques for administering anesthetics, ranging from intravenous to regional and local routes. Before 

the advent of safe anesthetics, surgical procedures were hazardous and seldom performed due to the lack 

of effective pain management. However, modern medicine's progress in anesthesia has enabled complex 

surgeries, such as open-heart procedures and organ transplants, to become routine. Despite the benefits, 

anesthesia administration carries inherent risks, including respiratory complications and allergic 

reactions. Nevertheless, anesthesia remains indispensable in modern medicine, facilitating intricate 

surgeries and improving patient outcomes. Recent advancements in anesthesia technology, such as 

ultrasound-guided techniques, total intravenous anesthesia (TIVA), and closed-loop systems, have 

further enhanced safety and efficacy in anesthesia administration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Introduction: 
Anesthetic is an essential medical procedure that is administered to patients in order to induce 

unconsciousness and obviate their perception of pain throughout a range of procedures, including but not 

limited to surgery, specific diagnostic tests, tissue sample extraction (e.g., skin biopsies), and dental 

procedures. It is essential for assuring the safety and comfort of the patient throughout these procedures. 

As specialists in medicine, anesthesiologists are entrusted with the task of administering anesthetics, 

which are substances utilized to induce anesthesia. As anesthetic administration techniques vary according 

to the particular demands of pain relief, anesthesiologists utilize a variety of methods. Gas may be 

administered via intravenous route by inserting a needle into a vein, intravenous delivery through 

inhalation while wearing a mask over the nose and mouth, intravenous delivery via catheter insertion into 

the space outside the spinal cord or around peripheral nerves, intravenous delivery via syringe and needle 

inserted into a specific body part, topical lotions or sprays, eye drops, or skin patches. 

Prior to the advent of safe and efficacious anesthetics, surgical procedures were exceedingly uncommon, 

hazardous, and reserved as a last resort because pain management techniques were non-existent. During 

this period, surgical patients were required to undergo the procedures while completely conscious, which 

presented considerable discomfort and danger. Nevertheless, due to developments in anesthesia, 

contemporary medicine has made extraordinary strides, making it possible to perform operations that were 

once inconceivable but vital. A number of operations have been made routine, including open-heart 

surgery, cancer treatment, and organ transplantation, as a result of the development of trusted and secure 

anesthetics. 

While contemporary anesthetics are generally regarded as secure, their administration does carry inherent 

dangers. Breathing difficulties, allergic reactions, and post-operative confusion are among these hazards. 

However, the advantages of anesthesia significantly surpass its potential drawbacks, as it remains an 

essential element in modern medicine, enabling intricate surgical procedures and enhancing patient results 

(Seger, & Cannesson, 2020). 

 

 Anesthetic Techniques: 

 General anesthesia: 

General anesthesia is perhaps the most well-known and widely used form of anesthesia. It induces a 

reversible state of unconsciousness and loss of sensation throughout the entire body, allowing for pain-

free surgery and invasive medical procedures. The mechanism of action involves the modulation of 

neurotransmitter activity in the central nervous system, leading to depression of consciousness, analgesia, 

and muscle relaxation. General anesthesia is typically administered via inhalation agents, intravenous 

drugs, or a combination of both. Its applications range from major surgical procedures, such as open-heart 

surgery and abdominal operations, to diagnostic procedures like endoscopy and imaging studies. Despite 



 

 

its widespread use and effectiveness, general anesthesia carries inherent risks, including respiratory 

depression, cardiovascular instability, and postoperative cognitive dysfunction, particularly in vulnerable 

populations such as the elderly and those with preexisting medical conditions (Brown, et al.2018).  

Aside from patient refusal, there are no categorical contraindications to general anaesthesia. Nevertheless, 

numerous relative contraindications exist. Patients who are not in an optimal medical condition prior to 

elective surgery, those who have significant comorbidities such as severe aortic stenosis, significant 

pulmonary disease, or CHF, and those who are undergoing procedures that could be performed using a 

regional or neuraxial technique to avoid airway manipulation and physiologic changes associated with 

general anaesthesia are considered relative contraindications.  Patients who are scheduled to receive 

general anaesthesia should be evaluated by the anaesthesia provider prior to the procedure. A review of 

the patient's prior anaesthetic history, medical comorbidities, heart/lung/kidney function, 

pregnancy/smoking status, and pregnancy/smoking status comprise this evaluation (Smith, et al.2018). 

 

 Regional anesthesia: 

Regional anesthesia involves the selective blockade of nerve pathways to a specific region of the body, 

resulting in loss of sensation in that area while allowing the patient to remain conscious and alert. Regional 

anesthesia techniques consist of spinal, epidural, and caudal neuraxial blocks that are central in nature. 

Spinal anesthesia involves the injection of local anesthetic agents into the cerebrospinal fluid surrounding 

the spinal cord, resulting in rapid onset of anesthesia from the level of the injection downwards. Certain 

surgical procedures offer significant benefits when compared to general anesthesia when regional 

anesthesia techniques are utilized. Regional anesthesia is utilized for purposes other than providing 

sufficient anesthesia during surgical procedures. Additionally, the implementation of regional anesthesia 

techniques offers several benefits, such as enhanced cardiac and pulmonary function, reduced blood loss, 

decreased adverse effects, and a shorter duration of stay in the postanesthesia care unit. For outpatient 

arthroscopic knee surgery, low doses of spinal anesthesia and intra-articularly administered analgesics 

resulted in improved pain relief, a shortened discharge time, and greater patient satisfaction. As a regional 

anesthetic, epidural is an essential component of multimodal postoperative pain management. 

Additionally, hypotensive epidural anesthesia reduced blood loss during hip operations. Caudal anesthesia 

is frequently administered to pediatric patients in order to provide postoperative analgesia and surgical 

anesthesia. Regional anesthesia has the potential to deliver exceptional pain management and enhance 



 

 

patient outcomes, including but not limited to the prevention of chronic pain, amelioration of pulmonary 

function, and reduction in hospitalization time. As a result, the techniques and outcomes of regional 

anesthesia for the treatment of postoperative pain have emerged as a significant area of study (Eroglu, et 

al. 2015). 

Certain surgical procedures have been performed under total intravenous anesthesia (TIVA), which has 

been compared to alternative anesthetic methods. TIVA combined with propofol has the potential to 

prevent increases in MDA and IMA that are associated with ischemia-reperfusion during arthroscopic 

knee surgery involving tourniquet-related ischemia reperfusion. When compared to inhalation anesthesia, 

the use of TIVA in conjunction with propofol and remifentanil during scoliosis surgery is associated with 

reduced neuroendocrine stress responses during the perioperative period. 

Patients undergoing upper extremity surgery are typically advised to utilize regional intravenous 

anesthesia (RIVA). This preference stems from several advantages, including the provision of a bloodless 

surgical site, rapid initiation and cessation of the anesthetic effect, elimination of the need for severe 

sedation, general anesthesia, and straightforward administration. Additionally, published are analgesic 

medications used in conjunction with local anesthetics in intravenous regional anesthesia (IVRA). 

Clinically speaking, the addition of 50 mg dexketoprofen and 3 mg/kg paracetamol to lidocaine as an 

adjuvant in RIVA for hand and/or forearm surgery made a significant difference (Pincus, 2019). 

Nerve blocks are utilized to provide pain relief following surgery. For shoulder surgery, interscalene 

brachial plexus block (ISB) is utilized to administer both anesthesia and analgesia. The authors 

demonstrated in a study that anesthesia for interscalene brachial plexus block with the same volume and 

concentration of bupivacaine and ropivacaine (30  mL of 0.5%) produced anatomically equivalent blocks 

during surgery. Following shoulder surgery, 0.15 percent bupivacaine and ropivacaine administered 

intrascopennene analgesia infusion in conjunction with the block under patient control yielded satisfactory 

pain relief, comparable adverse effects, and a high degree of patient satisfaction (Pincus, 2019). 

Regional anesthesia offers several advantages, including reduced systemic drug exposure, improved 

postoperative pain control, and decreased risk of adverse events such as nausea, vomiting, and respiratory 

depression. However, it may not be suitable for all patients or surgical procedures, and there is a risk of 

complications such as nerve injury, hematoma formation, and local anesthetic toxicity (Eroglu, et al. 

2015). 

 Local anesthesia: 

Local anesthesia involves the administration of anesthetic agents to a specific area of the body, resulting 

in temporary loss of sensation in that localized region. It is commonly used for minor surgical 

procedures, dental procedures, dermatological interventions, and diagnostic biopsies. Local anesthetics 

work by reversibly blocking sodium channels in nerve fibers, preventing the generation and propagation 

of action potentials. Unlike general anesthesia and regional anesthesia, local anesthesia does not affect 



 

 

consciousness or alter systemic physiological functions. It offers rapid onset, minimal systemic effects, 

and high safety profile when administered appropriately. However, its efficacy is limited to the targeted 

area, and supplemental anesthesia or sedation may be required for more extensive procedures or anxious 

patients. Complications associated with local anesthesia are rare but can include allergic reactions, tissue 

toxicity, and accidental intravascular injection (Malamed, 2019). 

 Routes of Drug Delivery: 

 Intranasal drug delivery: 

Drugs administered through the nose do not experience any reduction in bioavailability, in addition to 

being convenient and harmless. The onset time is decreased by direct deliveries to the cerebrospinal fluid 

via the nose-brain pathway. Subtly hydrophobic medications with low molecular weight readily traverse 

the nasal mucosa. It does not necessitate carrier coupling or therapeutic agent modification. 0.25–0.3 ml 

of concentrated substance is administered per nostril to prevent runoff. Absorption may be diminished in 

patients who have bloody noses or excessive mucous production, which is one of the limitations. 

Absorption of an intranasal drug requires three to five minutes, and drug concentrations rarely induce 

respiratory depression. Sufentanil is an exception in that levels of toxicity can accumulate extremely 

rapidly (Dave, et al.2017). 

 System for pulmonary drug delivery: 

For the administration of drugs to the lungs, dry powder inhalers, nebulizers, and metered dose inhalers 

are utilized. They provide numerous benefits, such as increased surface area and improved proximity to 

blood flow. Reduced dosages can be administered to prevent systemic toxicity. However, there are 

drawbacks such as a reduced duration of action and a mere 10–40% of the delivered medications 

undergoing systemic absorption. In order to address this constraint, researchers have developed 

nanoparticles. Constant efforts have been made to administer analgesics via inhalation. Twenty percent is 

the bioavailability of fentanyl when administered via this route. Utilized to treat pulmonary hypertension, 

iloprost, a more recent prostacyclin analog, has an extremely brief half-life that necessitates frequent 

dosing. Thus, an aerosolized controlled release formulation is a viable alternative for enhancing patient 

compliance. The physiological components of pulmonary DDS administered via colloidal carrier systems 

are greater. Carrier-based pharmaceuticals, including those used to treat asthma and specific respiratory 

infections, are also undergoing development with the aid of more advanced technologies (Singh, et 

al.2011). 

 

 Buccal mucosal drug delivery system: 

Furthermore, it prevents presystemic elimination and the first pass effect, which are both detrimental to 

administration. A substantial reduction in toxicity or undesired side effects is observed. Medication for 



 

 

the management of breakthrough symptoms and chronic pain, such as buprenorphine hydrochloride 

(tablets) and fentanyl (lozenges, tablets, and films), is accessible via this method of administration. With 

its large immobile surface and reduced permeability, the buccal mucosa is more suitable for sustained 

release formulations due to its delayed onset of action. In contrast, sublingual drug delivery exhibits a 

more abrupt onset of action (Dave, et al.2017). 

 Therapeutic intra-articular delivery: 

The minimum required drug molecule size is 3–5 μ. Microspheres engineered to enhance drug uptake by 

the synovium have the potential to extend the residence duration of drugs in intra-articular tissues. 

 Recent advancements in anesthesia technology, such as: 

 Ultrasound-Guided Techniques: 

Ultrasound-guided techniques in the field of anesthesia have transformed the way regional anesthesia 

procedures are performed. By utilizing ultrasound technology, anesthesiologists can visualize internal 

structures in real-time, such as nerves, blood vessels, and surrounding tissues. This real-time imaging 

provides invaluable information that allows for precise and accurate placement of anesthesia agents, 

particularly in regional nerve blocks. One of the key advantages of ultrasound-guided techniques is their 

ability to enhance safety during procedures. By directly visualizing the target area, anesthesiologists can 

identify and avoid vital structures, reducing the risk of inadvertent vascular puncture or nerve damage. 

This results in fewer complications and improved patient outcomes (Huang, et al.2018). 

Additionally, ultrasound guidance enables a more tailored and individualized approach to anesthesia. 

Anesthesiologists can assess the anatomy and distribution of nerves in each patient, allowing for 

customized nerve block techniques that optimize pain relief while minimizing side effects. This 

personalized approach is particularly beneficial for patients with complex anatomical variations or those 

who may not respond well to traditional approaches. ultrasound-guided techniques offer greater 

precision and accuracy in administering anesthesia agents. By directly visualizing the spread of local 

anesthetic around nerves, anesthesiologists can ensure optimal coverage of target areas, leading to more 

effective pain relief and improved patient satisfaction. This precision also allows for reduced doses of 

anesthesia agents, lowering the risk of systemic toxicity and adverse effects (Raju, et al.2022). 

 Developments in TIVA Equipment and Methods:  

The domain of anaesthesia administration has been fundamentally transformed by substantial progressions 

in both techniques and apparatus utilized in total intravenous anaesthesia (TIVA). The precision, safety, 

and efficacy of TIVA have been enhanced by these developments, which has led to improved patient 

outcomes and perioperative care. Critical developments in TIVA equipment and techniques include the 

following:  



 

 

o Intraoperative Monitoring: Progressions in TIVA encompass the incorporation of advanced 

monitoring systems that regulate the depth of anesthesia and enhance the efficiency of drug delivery. 

Entropy monitoring and the Bispectral Index (BIS) are frequently employed to assess the depth of 

anesthesia and supply anesthesiologists with feedback. These instruments aid in maintaining the 

patient in a sufficient state of anesthesia while reducing the likelihood of consciousness or excessive 

depth of anesthesia (Bajwa, et al.2023).  

o Target-Controlled Infusion (TCI) Systems:  Target-controlled infusion (TCI) systems have made 

substantial strides in the implementation of TIVA. By employing computer algorithms and 

pharmacokinetic models, these systems compute and deliver intravenous medications in accordance 

with patient attributes. TCI systems provide anesthesiologists with enhanced precision in regulating 

drug infusion rates, enabling them to more precisely attain and sustain desired drug concentrations. 

This facilitates individualized anesthetic administration, thereby reducing the likelihood of insufficient 

or excessive dosage and enhancing patient results.  

o Smart Infusion Pumps: The integration of smart infusion devices into TIVA practice has been 

established. Designed for the administration of intravenous agents, these pumps can deliver 

medications at controlled infusion rates with precision and safety. By integrating frequently with TCI 

systems, they facilitate uninterrupted communication and accurate drug administration predicated on 

pharmacokinetic models. By increasing drug administration efficiency and decreasing the likelihood 

of medication errors, intelligent infusion pumps enhance patient safety (Xu, et al.2023). 

 

o Closed-loop systems: alternatively referred to as feedback-controlled systems, have surfaced as a 

potentially fruitful development in TIVA. The drug infusion rates are automated while patient 

variables, such as BIS or entropy, are monitored in real time by these systems. Through the ongoing 

evaluation of patient responses, closed-loop systems furnish TCI systems with feedback, enabling 

them to make dynamic modifications in order to sustain the intended anaesthesia depth. By 

implementing this closed-loop methodology, TIVA's accuracy and dependability are enhanced, 

thereby optimizing patient care and decreasing anesthesiologists' duty(Malik,).  



 

 

 

o Drug Formulations: Progress in drug formulations has resulted in an increased range of alternatives 

accessible for TIVA practitioners. For instance, the implementation of remimazolam, a 

benzodiazepine with a brief half-life, provides a prompt and consistent commencement and cessation 

of anesthetic effects. This facilitates more seamless transitions throughout the perioperative phase. In 

addition, sugammadex, which functions as a selective relaxant binding agent, guarantees a prompt and 

dependable reversal of neuromuscular blockade, thereby facilitating a smooth recuperation from 

anesthesia.  

o Integration of Electronic Medical Records (EMR): The incorporation of electronic medical record 

(EMR) systems into the TIVA practice has resulted in enhanced patient safety and documentation 

efficiency. Electronic medical records (EMRs) facilitate uninterrupted retrieval of patient information, 

encompassing medication histories, comorbidities, and prior anaesthesia records. Anesthesiologists 

possess the ability to customize anesthetic management, mitigate medication interactions, and make 

well-informed decisions by utilizing extensive patient data. The progressions in TIVA equipment and 

techniques have revolutionized the domain of anaesthesia, augmenting the accuracy, security, and 

effectiveness of anaesthesia administration. Their contributions result in enhanced perioperative care, 

decreased complications, and improved patient outcomes. Ongoing advancements in technology and 

research are expected to give rise to additional innovations, thereby facilitating ongoing enhancements 

in the field of TIVA (Malik,). 

 

 Enhanced Recovery After Surgery (ERAS) Protocols: 

Enhanced Recovery After Surgery (ERAS) protocols represent a paradigm shift in perioperative care, 



 

 

aiming to optimize patient outcomes and expedite recovery following surgical procedures. 

o Multimodal analgesia: 

Involves the use of multiple medications with different mechanisms of action to manage pain effectively 

while minimizing side effects. By combining medications such as opioids, nonsteroidal anti-inflammatory 

drugs (NSAIDs), acetaminophen, and gabapentinoids, multimodal analgesia provides superior pain relief 

compared to single-agent therapy. This approach reduces the reliance on opioids, thereby mitigating their 

adverse effects, such as respiratory depression, sedation, and gastrointestinal dysfunction (Moningi, et 

al.2019). 

o Regional anesthesia techniques: 

Regional anesthesia techniques play a pivotal role in ERAS protocols by targeting specific nerve pathways 

to block pain sensation in the surgical area. Techniques such as epidural analgesia, peripheral nerve 

blocks, and neuraxial anesthesia can provide excellent pain control while minimizing systemic opioid 

exposure. By reducing the need for systemic opioids, regional anesthesia techniques help alleviate opioid-

related side effects and facilitate earlier mobilization and ambulation postoperatively. 

Perioperative care protocols within ERAS programs encompass a comprehensive set of measures 

designed to optimize patient preparation, intraoperative management, and postoperative recovery. These 

protocols emphasize factors such as preoperative counseling and education, goal-directed fluid therapy, 

early oral intake, early mobilization, and proactive management of postoperative nausea and vomiting 

(PONV) and ileus. By addressing these aspects of care in a coordinated manner, perioperative care 

protocols promote physiological resilience, minimize perioperative stress, and facilitate a faster return to 

baseline function (Ljungqvist, et al.2017). 

Conclusion: 
Anesthesia techniques continue to advance, driven by innovations in technology and patient care. 

Ultrasound-guided techniques offer precise nerve localization and improved safety, while TIVA 

enhances drug delivery control and patient recovery. The integration of closed-loop systems and 

advanced monitoring enhances anesthesia precision and patient outcomes. Additionally, Enhanced 

Recovery After Surgery (ERAS) protocols demonstrate the importance of multimodal analgesia, 

regional anesthesia techniques, and perioperative care in expediting recovery and reducing 

complications. As technology and research progress, further innovations in anesthesia administration are 

expected, promising continued improvements in patient care and surgical outcomes. 
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