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ABSTRACT 
	Aims: The present study aims to evaluate the clinical application and surgical acceptability of balanced anaesthetic protocols using total intravenous anaesthesia (TIVA) and partial intravenous anaesthesia (PIVA) in goats undergoing soft tissue and orthopaedic surgical procedures.
Study Design: A prospective clinical observational study.
Place and Duration of Study: The study was conducted at the Teaching Veterinary Clinical Complex, Mannuthy and the University Veterinary Hospital, Veterinary and Animal Sciences University Kokkalai, Thrissur, Kerala, India, between 2020 to 2023. 
Methodology: Goats of either sex undergoing soft tissue or orthopaedic surgeries were anaesthetised using balanced TIVA and PIVA protocols incorporating an α₂-adrenergic agonist–opioid combination for premedication, followed by intravenous induction with tiletamine–zolazepam. Anaesthesia was maintained either exclusively with intravenous agents (TIVA) or by intravenous induction followed by inhalational isoflurane maintenance (PIVA), depending on the surgical procedure. Clinical parameters assessed included quality of induction, operative conditions, degree of muscle relaxation, incidence of anaesthesia-related complications, and recovery characteristics.
Results: Both TIVA and PIVA provided smooth induction, adequate depth of anaesthesia, satisfactory muscle relaxation, and stable surgical conditions for both soft tissue and orthopaedic procedures. No significant anaesthesia-related complications occurred. Recovery was smooth in all animals, with relatively faster recovery noted in goats maintained under PIVA. Physiological parameters during anaesthesia were clinically stable precluding any need for pharmacological interventions.
Conclusion: Balanced TIVA and PIVA protocols using tiletamine–zolazepam were both found to be clinically safe, effective, and acceptable for routine surgical interventions and procedures in goats. Both techniques offer practical anaesthetic options across diverse clinical settings, including field and resource-limited environments, supporting their wider application in small ruminant surgical management.
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1. INTRODUCTION 

Goat farming has expanded substantially in recent years, resulting in an increased demand for surgical interventions in small ruminant veterinary practice. In addition to their economic importance, goats are frequently used as experimental and teaching models in biomedical research, further underscoring the need for reliable and adaptable general anaesthetic techniques (Alvites et al., 2021). Unlike controlled laboratory settings, surgical procedures in goats are often performed under diverse clinical conditions, where the choice of anaesthetic protocols must meet surgical requirements, animal safety and practitioner expertise.
General anaesthesia in goats is inherently challenging due to species-specific anatomical and physiological characteristics, including a predisposition to regurgitation, excessive salivation, ruminal tympany, and variable cardiopulmonary responses (Malik, 2014). For the practising clinician, successful anaesthesia is defined not only by physiological stability, but also by the ability to achieve and maintain an adequate surgical plane, provide sufficient muscle relaxation, allow atraumatic tissue handling with a smooth and timely recovery (Rodrigo-Mocholi et al., 2020). These practical considerations are particularly critical during soft tissue and orthopaedic procedures, where inadequate anaesthetic depth or sudden movement may compromise surgical outcomes.
Since no single anaesthetic agent can reliably fulfil all the requirements of general anaesthesia in goats, the use of balanced anaesthetic techniques has become increasingly relevant (Sooryadas et al., 2019; Elmorsy et. al., 2019). A combination of sedatives, hypnotics, analgesics, muscle relaxants, and inhational anaesthetic agents, balanced protocols aim to achieve surgical anaesthesia while minimising adverse effects associated with higher doses of individual drugs (Wolfensberger and Larenza, 2007). Such approaches are especially valuable in small ruminants, with narrow margins of safety and delayed recovery. Greater perioperative risk in many low-resource clinical and field settings is inevitable. Under these circumstances, injectable techniques such as total intravenous anaesthesia (TIVA) and partial intravenous anaesthesia (PIVA) offer practical alternatives. TIVA relies exclusively on intravenous agents for both induction and maintenance (Kumar et al., 2018; Ragab et al., 2022), whereas PIVA combines intravenous induction with inhalational maintenance when equipment and oxygen supplementation are available (Doherty and Valverde, 2006; Kucharski et al., 2022). While both approaches are used in goats, their relative suitability during actual surgical procedures, particularly with respect to surgical handling, intra-operative stability, and recovery characteristics, has received limited attention.
Tiletamine-zolazepam-based protocols, when incorporated into balanced anaesthetic regimens, have been used successfully in a variety of domestic and wild species (Thurmon et al. 1988; Taylor et al., 1992, Lin et al., 1993; Rajankutty, 1995; Lopez et al., 2004; Salve et al., 2022). Most of the available literature in goats has focused on physiological responses, dose-sparing effects or isolated anaesthetic parameters. Holistic evaluation of these protocols during routine surgical interventions are infrequent (Vesce et al., 1995; Carroll et al., 1997; Abalos et al., 2016). From a clinician’s perspective, information on how different anaesthetic approaches perform under real time surgical conditions is essential for informed decision-making. The present study was designed to evaluate the clinical performance of selected balanced anaesthetic protocols employing TIVA and PIVA in goats undergoing soft tissue and orthopaedic surgeries. Rather than focusing primarily on physiological or laboratory variables, this study addressed detailed aspects of surgical adequacy, stability of the anaesthetic plane, muscle relaxation, intra-operative surgical conditions and quality of post-operative recovery.

2. material and methods 

The study was conducted on 24 client-owned goats of either sex, aged above six months, presented for various elective surgical procedures at the Teaching Veterinary Clinical Complex, Mannuthy and the University Veterinary Hospital, Kokkalai, Thrissur, Kerala, India. Inclusion criteria were based on fitness for general anaesthesia and the absence of overt systemic illnesses. All procedures were clinically indicated for surgical management, and all animal handling complied with institutional ethical guidelines applicable to animals in clinical research. 
Surgical procedures were categorised into soft tissue and orthopaedic surgeries. Soft tissue procedures included herniorrhaphies, surgical management of tail gangrene, teat and udder surgeries associated with mastitis or fistulae, and excision of superficial soft tissue lesions. Orthopaedic interventions pertained to the management of long bone fractures requiring open reduction and stabilisation.
Anaesthesia was achieved using balanced injectable protocols employing combinations of sedatives, analgesics, and general anaesthetic agents. Premedication consisted of an alpha-2 adrenergic agonist combined with an opioid, xylazine-butorphanol or dexmedetomidine-butorphanol, to provide sedation and analgesia. Induction of anaesthesia was achieved using tiletamine-zolazepam administered intravenously.
Maintenance of anaesthesia was achieved using either TIVA, in which anaesthesia was maintained exclusively with intravenous agents, or PIVA, where intravenous induction was followed by inhalational maintenance with supplemental oxygen.
The selection of TIVA or PIVA was based on the duration of surgery, anticipated tissue manipulation, and available infrastructure. Detailed drug dosages, infusion rates, and monitoring protocols followed standard and accepted methods in veterinary practice (Udharwar et al., 2023a; Udharwar et al., 2023b).
All the study animals were monitored throughout anaesthesia and surgery. The depth of anaesthesia was assessed by jaw tone, palpebral reflex, response to surgical stimulation, and muscle relaxation. Particular attention was paid to the vital parameters and the requirement for any supplemental anaesthetic interventions. Clinical observations recorded during surgery included, induction characteristics, adequacy of anaesthetic depth for surgical manipulation, degree of muscle relaxation and incidence of anaesthesia-related complications such as regurgitation, excessive salivation, or apneic spells. 
Physiological monitoring was performed as a part of routine anaesthetic management. The adequacy of anaesthesia for surgery was evaluated subjectively by the operating surgeon based on ease of tissue handling, absence of purposeful movement, abnormal oozing of blood and overall surgical conditions. Recovery characteristics were assessed based on time to sternal recumbency, ability to stand, and the presence of ataxia or delirium and excitement during recovery. Animals were observed until full recovery from anaesthesia and to their enclosures for further follow up and observation.
Clinical observations related to induction quality, maintenance of anaesthesia, surgical conditions, and recovery characteristics were recorded descriptively. Physiological parameters were monitored to ensure anaesthetic safety and clinical stability; however, detailed statistical comparison of physiological variables was not the primary objective of the present study, as these outcomes have been reported separately. The analytical approach in this manuscript therefore focuses on clinical applicability and surgical suitability of the anaesthetic protocols.

3. results and discussion

The present study evaluated the clinical applicability of balanced total intravenous anaesthesia (TIVA) and partial intravenous anaesthesia (PIVA) protocols in goats undergoing a variety of surgical procedures. Goats included in the present study underwent a variety of soft tissue and orthopaedic surgical procedures under balanced anaesthetic protocols. The distribution of surgical cases and the anaesthetic approaches employed are presented in Table 1. Unlike experimental protocol-comparison studies, the emphasis here was on surgical adequacy, physiological tolerance, and recovery characteristics under routine clinical conditions. From a practical standpoint, the ability to maintain a stable surgical plane, provide satisfactory muscle relaxation, and ensure smooth recovery are the primary determinants of anaesthetic success in small ruminant surgery. The findings indicate that both anaesthetic protocols provided satisfactory anaesthesia for soft tissue and orthopaedic surgeries without any major complications.
Table 1. Distribution of surgical procedures and anaesthetic approach in goats

	Category of surgery
	Surgical procedure
	Number of cases
	Anaesthetic approach

	Soft tissue
	Herniorrhaphy
	3
	TIVA (3), PIVA (0)

	
	Mastectomy
	5
	TIVA (3), PIVA (2)

	
	Fibroma resection
	1
	TIVA (0), PIVA (1)

	
	Ear tumour resection 
	1
	TIVA (0), PIVA (1)

	
	Teat fistula correction
	1
	TIVA (0), PIVA (1)

	Orthopaedic
	Horn amputation
	5
	TIVA (4), PIVA (1)

	
	Tail amputation
	2
	TIVA (1), PIVA (1)

	
	Intramedullary pinning
	5
	TIVA (1), PIVA (4)

	
	Limb amputation
	1
	TIVA (0), PIVA (1)


Footnote:TIVA: Total intravenous anaesthesia; PIVA: Partial intravenous anaesthesia. Selection of anaesthetic approach was based on surgical duration, anticipated tissue manipulation, and availability of inhalational anaesthesia facilities.

Pre-anaesthetic fasting protocols observed were effective in preventing ruminal tympany and regurgitation, and consistent with earlier recommendations in goats (Taylor, 1991; Galatos, 2011; Malik, 2014; Rodrigo-Mocholi et al., 2020). Copious salivation was observed during anaesthesia and merits appropriate positioning and airway protection in goats, as described by Taylor (1991).
Premedication with xylazine-butorphanol or dexmedetomidine-butorphanol produced consistent and reliable sedation, facilitating induction and surgical site preparation. The sedative and analgesic synergy of α2-agonists with opioids observed in this study aligns with earlier reports in goats and other species (Levine et al., 1992; Khattri et al., 2013; Kumar et al., 2018). The quality of induction achieved with tiletamine–zolazepam following both premedication regimens was consistently satisfactory, confirming the additive effects of α2-agonists on dissociative anaesthetic techniques reported previously (Lin et al., 1993; Abalos et al., 2016; Kucharski et al., 2022). 
Endotracheal intubation using a hand-guided blind technique was accomplished smoothly in all animals, supporting earlier observations on the feasibility of this method in goats (Gray and McDonnell, 1986; Vishnugurubaran et al., 2016). The use of cuffed endotracheal tubes effectively prevented aspiration as supported by the studies by Dzikiti et al. (2011), and contributed to improved airway protection during PIVA.
The clinical assessment of muscle relaxation and surgical conditions under the two anaesthetic protocols studied is outlined in Table 2. Maintenance of anaesthesia using tiletamine-zolazepam CRI in TIVA groups provided a stable surgical plane with adequate muscle relaxation and analgesia, consistent with reports in goats and other species (Lopez et al., 2004; Ibrahim, 2017). Occasional need for supplemental bolus dosing in a small number of animals was similar to earlier findings in goats (Carroll et al., 1997). In PIVA groups, isoflurane maintenance allowed flexible depth control and facilitated rapid recovery, attributable to its low blood-gas solubility and minimal metabolism (Onmaz et al., 2009; Lin et al., 2012). No clinically relevant physiological instability was observed during anaesthetic maintenance or recovery. Transient reductions in respiratory rate and mild hypercapnia observed after induction attributable to the known respiratory depressant effects of α2-agonists and dissociative anaesthetics (Benato et al., 2013; Singh et al., 2013). Importantly, PvCO₂ values did not exceed critical thresholds, and mechanical ventilation was not required for any of the study animals, a finding similar to that of Velazquez-Delgado et al. (2021).


Table 2. Clinical assessment of anaesthetic and surgical conditions in goats under TIVA and PIVA

	Clinical parameter
	TIVA
	PIVA

	Quality of induction
	Smooth and controlled
	Smooth and controlled

	Stability of surgical plane
	Stable throughout surgery
	Stable with flexible depth control

	Muscle relaxation
	Adequate for surgical manipulation
	Adequate to excellent

	Intra-operative movement
	Absent
	Absent

	Ease of tissue handling
	Satisfactory
	Satisfactory

	Anaesthesia-related complications
	Except hypothermia and hypersalivation, no other complications such as regurgitation and tympany or aspiration of ruminal contents
	Except hypothermia and hypersalivation, no other complications such as regurgitation and tympany or aspiration of ruminal contents

	Recovery characteristics
	Smooth recovery
	Smooth, faster recovery



Heart rate and blood pressure fluctuations were minimal and clinically insignificant, reflecting cardiovascular stability under balanced anaesthesia. The absence of clinically relevant bradycardia may be attributed to the sympathomimetic properties of tiletamine–zolazepam, as previously reported (Ratnu et al., 2021). Mild hypothermia observed during anaesthesia was comparable to earlier reports in goats and other species and due to central thermoregulatory depression (Rajankutty, 1995; Kumar et al., 2018).
Mean arterial blood pressure (MAP) showed a significant (P<0.01) decline in all four groups after induction compared to baseline values, with the lowest MAP consistently recorded at 10 minutes post induction. Thereafter, MAP values at 25 minutes post-induction and at recovery did not differ significantly within groups, and no significant (P>0.05) intergroup differences were observed at any point of time. These findings are consistent with earlier reports describing reductions in MAP following administration of xylazine-, dexmedetomidine-, tiletamine-zolazepam-, and isoflurane-based anesthetic protocols in various species (Lin et al., 1994; Stegmann, 1999; Hikasa et al., 2000; Singh et al., 2013; Hampton et al., 2019). The observed decrease in MAP is attributed to the sympatholytic effects of alpha-2 agonists, combined with the cardiovascular depressant actions of dissociative and inhalant anesthetics (Afshar et al., 2005; Ren et al., 2018). Alpha-2 agonists are known to cause biphasic blood pressure changes. In our study, however, the hypotensive phase predominated (Singh et al., 2013). Importantly, MAP values remained above 65mmHg throughout anesthesia, indicating the absence of clinically significant hypotension and confirming the hemodynamic safety of all anesthetic protocols used (Galatos et al., 2011; Kucharski et al., 2022).
Haematological and serum biochemical parameters showed transient, non-clinically significant fluctuations, remaining within physiological limits. Changes in leukocyte counts, erythrocyte indices, and serum glucose were consistent with stress responses and splenic pooling described earlier (Singh et al., 2013; Jiang et al., 2014; Ragab et al., 2022). Renal and hepatic function indicators remained stable, indicating good systemic tolerance of the anaesthetic protocols.
Recovery from anaesthesia was smooth in all groups, with faster recovery observed in PIVA groups maintained with isoflurane, consistent with previous studies (Onmaz et al., 2009; Praveen, 2021). The use of CRI in TIVA groups also contributed to predictable recovery by allowing rapid decline in plasma drug concentrations at conclusion of procedure (Taylor, 1991). The absence of major complications across procedures, as summarised in Table 2, highlights the clinical safety of the anaesthetic protocols employed when applied under appropriate monitoring and handling conditions.
In summary, the anaesthetic protocols evaluated in this study provided reliable surgical conditions, physiological stability, and smooth recovery across a range of surgical interventions in goats. The findings support the clinical utility of balanced TIVA and PIVA approaches in small ruminant practice, particularly in low-resource settings where flexibility and adaptability of anaesthetic techniques are required.
The study has some inherent limitations as surgical conditions and recovery quality were assessed primarily through clinical observation rather than quantitative scoring systems. However, this approach reflects routine clinical decision-making and provides insights into how these protocols perform under practical conditions. Future studies incorporating structured scoring systems and larger case numbers may further refine protocol selection for specific surgical categories.

4. Conclusion

The present study demonstrates that balanced anaesthetic protocols employing total intravenous anaesthesia (TIVA) and partial intravenous anaesthesia (PIVA) provide reliable surgical anaesthesia for soft tissue and orthopaedic procedures in goats under routine clinical conditions. All evaluated protocols ensured adequate anaesthetic depth, satisfactory muscle relaxation, stable intra-operative conditions, and smooth recovery without major complications. From a practical standpoint, TIVA offers distinct advantages in field and resource-limited settings due to its simplicity and independence from specialised equipment. PIVA provides greater flexibility in anaasthetic depth control and more rapid. 
This study focused on practical anaesthetic protocols rather than detailed evaluation and research-based study in order to support practising veterinarians through anaesthetic decision-making based on surgical requirements and infrastructure availability. Future studies focusing on structured scoring systems for sedation, quantification of muscle relaxation and recovery quality, in larger and more diverse clinical populations that include high-risk or compromised animals is suggested. Integration of objective monitoring tools and cost–benefit analyses may further refine protocol selection and optimise anaesthetic management in small ruminant practice.
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