[image: image1.png](g
N C—NH

I
(CH3)3CH3

CHjs

CHs







Delayed Onset of Regional Anaesthesia in An Elective Sectio Caesarea: A Case Report
ABSTRACT
Spinal anesthesia (SA) is a popular technique of anesthetic for pregnant women undergoing elective cesarean surgery. The purpose of this study was to present a case of delayed onset of spinal anesthesia in a patient undergoing cesarean section and factors associated with delayed onset of spinal anesthesia. We report a case of a 20-year-old female patient with a diagnosis of G1P0A0 + CPD + Oligohydramnios, 40 weeks of age, who underwent cesarean section with spinal anesthesia using a 26 G Quincke spinal needle and 0.5% hyperbaric bupivacaine (Regivell). 5-8 minutes after the local anesthetic was injected into the intrathecal space, the anesthetic effect should have been given, both legs felt warm and could not be moved (Bromage score 3). However, in this case there was a delay in the onset of sensory and motor block. In the first 10 minutes of the left leg Bromage block was still 2 while in the right leg the Bromage motor block score was 0. Several factors that are suspected to influence this delay are: changes in the physiology of pregnant women, drug dosage, patient psychology, difficult injection techniques, variations in the anatomy of the patient's spine. A thorough understanding of these factors is necessary to improve the effectiveness and safety of spinal anesthesia, especially in obstetric procedures.
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INTRODUCTION

Spinal anesthesia (SA) is a widely used methods of choice of anesthesia in pregnant women undergoing elective cesarean section (Alkinani, et al., 2024; Olawin & Das, 2022). SA is relatively easy to perform and to maintain (Magdić Turković, et al., 2022), onset of analgesia theoretically is achieved rapidly (Agegnehu, et al., 2020), postoperative pain control is clinically restrained (Horn, et al., 2024), with maternal and fetal mortality rates are lower than general anesthesia (Olawin & Das, 2022; Sung et al., 2021).  This procedure also minimizing bleeding (Kim, et al., 2012) even though this is debatable depend on the type of surgery (Wong, et al., 2007). Besides that, SA avoids fetal as well as maternal risks of general anesthesia complications (Ring, et al., 2021), requires only slightly minimum postoperative pain related anesthesia care (Eroglu, et al., 2014) by providing sufficient amount of adequate postoperative analgesia (Koutp, et al., 2024).
Spinal nerve blockage is performed by directly injecting anesthetic drugs into the subarachnoid cavity lege artis ( Olawin & Das, 2022) at the level of L3-L4 or L4-L5, to avoid the risk of direct trauma to the spinal cord (Pozza, et al., 2023). The mechanism of action of local anesthetic drugs is to block sodium ion channels so that depolarization slows down and nerve impulse stimulation prevented (Körner, et al., 2022; Taylor & McLeod, 2020). Right after the effects of spinal anesthesia achieved, there are several physiological changes in the body (Salinas, et al., 2003) such as initial sympathetic changes such as higher peripheral temperature changes (Kessack, et al., 2024), transient neurological symptoms such as numbness (Forget, et al., 2019), hypotension (Hofhuizen, et al., 2019), nausea and or vomiting (Huh, 2019), shivering (Amsalu, et al., 2022) and urinary retention (Cambise, et al., 2024). Unfortunately, unwanted condition may take place during this early initiation of SA, e.g., delayed on onset, which may cause snow ball effect to the subsequent surgical procedure (prolonged surgical time) which can affect the already scheduled surgical procedure that use the same operating room. A prolonged surgical procedure can indeed affect the scheduling of subsequent surgeries (Lyons, et al., 2023) due to factors like increased OR downtime, resource availability, and potential delays or cancellations of scheduled procedures (Pandit, et al., 2022; Calegari, et al., 2022).
Delayed onset spinal anesthesia is a condition where local anesthesia takes longer to start nerve block than it should. Five to eight minutes after the local anesthetic is injected into the intrathecal space, motor block should have occurred. sometimes anesthesia effect obtains within seconds to minutes, and the exact time can vary (Olawin & Das, 2022). A study has shown motor block onset achieved within 15 minutes (Parikh & Seetharamaiah, 2018; Ciftci, et al., 2015). In some cases, depending on the local anesthetic and patient factors (Sung, et al., 2021), it might take up to 30 minutes for the motor block to fully take effect.

The slow onset of spinal anesthesia in cesarean section will cause its own challenges for the anesthesiologist to maintain the welfare of the mother and baby. Delayed onset spinal anesthesia may have deleterious consequences for the mother as well as the newborn baby (Parikh & Seetharamaiah, 2018). Delayed onset of spinal anesthesia in cesarean section can be caused by several factors, namely chronic drug abuser (Gross, et al., 2025), physiological changes in pregnant women (Bhatia & Chhabra, 2018), patient’s psychology condition such as anxiety- it can indirectly contribute to the perception of a delayed onset and potentially impact the successful establishment of the block because anxiety or fear in a patient can lead to misinterpreted pain signals and make it seem like the anesthesia is not working effectively when it actually may just need more time to take effect (Baagil, et al., 2023), difficult injection techniques due to anatomical variations of the patient's spine (Crowe & Drew, 2024;  Tanzil, et al., 2021).
CASE PRESENTATION

A 20-year-old female patient with a diagnosis of G1P0A0, 40 weeks pregnant and MR number 00-XX-98-XX, came to the Hospital for a pregnancy check-up. The patient was also diagnosed with Cephalopelvic Disproportion (CPD) and oligohydramnios and complained of lower abdominal pain since the night before admission. The patient was planned to undergo an elective caesarean section (CS) with spinal anesthesia. 
On physical examination, compos mentis consciousness was found, blood pressure 121/80 mmHg, pulse 105x/minute, respiratory rate 26×/minute and oxygen saturation 99%. Hematology laboratory examination found hemoglobin levels of 10.9 g/dL and hematocrit 33% (slightly low), platelets 281 thousand/uL and leukocytes 9.7 × 103/uL, bleeding time three minutes and clotting time 12 minutes.
On the operating room table, the patient was placed in a supine position and closely monitored. The initial intravenous perfusion loaded with 500 mL of Ringer Lactate solution for 15 minutes and injected with antiemetic drugs, namely ondansetron 4 mg IV. Then the patient was positioned sitting with his head slightly lowered towards his chest. The protrusion of the L3–L4 spinous process was identified, then asepsis and antisepsis procedures were performed in the injection area. With a median approach (paramedian approach), a 26 G Quincke spinal needle was injected until it penetrated the subarachnoid cavity and the clear cerebrospinal fluid (CSF) came out. The anesthetic drug bupivacaine 0.5% heavy (Regivell®) 12.5 mg was injected into the subarachnoid cavity at a rate of 1 mL/20 seconds. Then the patient was put to sleep and her hemodynamics were continued to be monitored.
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Fig. 1. Chemical structure of (-)-Bupivacaine hydrochloride C18H28N2O · HCl · H2O. Synonim: Bupivacaine hydrochloride monohydrate, 1-Butyl-N-(2,6-dimethylphenyl)-2-piperidinecarboxamide hydrochloride hydrate, 1-Butyl-N-(2,6-dimethylphenyl)-2-piperidinecarboxamide 
As a routine procedure, a five minutes after injecting spinal anesthesia, the patient was asked whether there was a tingling sensation (numbness), a sensation of warmth and heaviness in both of the lower extremity, but the patient answered that there was no change. The tingling sensation and warmth are the effects of sympathetic blockade while the heavy legs are the effects of motor blockade. The patient was then positioned in Trendelenburg for 5 minutes. At the 10th minute post SA, a Pin Prick Test (for sensory blockade) was performed, the results of which the patient did not complain of pain up to T10 (umbilicus), the left leg Bromage score was 2 and the right leg bromage score was still 0. The anesthesiologist then informed the obstetrician-gynecologist about the slow onset of spinal anesthesia and the obstetrician was willing to wait a few minutes because there was no fetal distress. After the second 10 minutes interval, the left and right leg bromage scores had become 1, the pin prick test was as high as T4 (mammae), meaning that the spinal analgesia effect was complete as expected and the obstetrician was informed about it.
The caesarean section operation itself was carried out for 45 minutes, during the operation the patient's hemodynamics were stable. After 5 minutes of incision, a male newborn was successfully delivered with APGAR Score 9/10, followed with the insertion of uterotonic drugs Oxytocin 20 IU, methylergometrine 0.2 mg in 500 mL Ringer Lactate infusion. The amount of bleeding was approximately 500 cc. After the caesarean section, the patient was transferred to the recovery room and instructed to rest in bed for 10 hours, injected with 30 mg of ketolorac™ analgesic. When the motor strength of both legs had returned to normal (Bromage scale 0), the patient allowed to tilt to the left and right, slowly and gradually. Maintenance infusion of Ringer Lactate at a rate of 30 drops per minute continued.  Her vital signs are observed every 30 minutes and urine output checked every hour. In the treatment room, the patient is allowed to drink gradually.
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Fig. 2 The hemodynamic of the patient after SA achieved and maintained

DISCUSSION
In this case, the parturient who underwent cesarean section with spinal anesthesia experienced unilateral sensory and motoric onset delays. According to Kasi et al.,32 sensory block onset of spinal anesthesia has been achieved in 2–5 minutes and motoric block onset in 5–8 minutes. If both effects are not achieved within that time frame, then it can be categorized as late onset of spinal anesthesia (Demilie, et al., 2024; Olawin & Das, 2022). This late-onset neuraxial anesthesia refers to a delayed or prolonged time for a neuraxial block (spinal or epidural anesthesia) to take effect which can be happened through the mechanism of inadequate spreading of drugs through cerebrospinal fluid (Fettes, et al., 2009). This condition potentially causing obvious challenges in clinical settings such as prolonged operating times (Demilie, et al., 2024). While generally a rare occurrence, it can pose significant risks in urgent situations, such as cesarean sections (Punchuklang, et al., 2022), and in patients with certain medical conditions (Doelakeh & Chandak, 2023) or specific medications such as antithrombotic and antiplatelet therapy (Horlocker, 2011) or even drug abuser such as chronic opioid user (Gross, et al., 2025).
Several risk factors that can cause delayed onset of spinal anesthesia:
1. The effects of pregnancy on drug action and spread are primarily due to hormonal and anatomical changes, e.g., changes in the epidural space, CSF volume, and sensitivity to local anesthetics. Physiological changes in pregnant women (Bhatia & Chhabra, 2018), such as (a) venous dilation in epidural veins. During pregnancy, the enlarging uterus can compress the inferior vena cava (IVC) and the descending aorta, causing venous pressure to increase and leading to dilatation of the epidural venous plexus (Melaku, et al., 2022) Bhatia & Chhabra, 2018; Bedson & Riccoboni, 2014). This dilatation can increase the risk of a "bloody tap” or intravascular injection during epidural anesthesia Yentis & Malhotra (2022). (b) additionally, uterine contractions during labor caused "auto-transfusion" of approximately 500 mL of blood back into the maternal circulation (Kepley & bates, 2023) which can further increase blood volume in the epidural veins, adding to the risk (Bhatia & Chhabra, 2018; kepley et al., 2023) Beside that, (c) Pregnancy has been reported to enhance the progesterone mediated sensitivity of nerves to local anesthetics and to decrease anesthetic requirements during regional anesthesia (Arakawa, 2004). This altered sensitivity to local anesthetic blocks due to pregnancy, can affect the spread and onset of spinal anesthetic drugs. Increased estrogen hormones during pregnancy will complicate injection and affect the spread of drugs in the subarachnoid space due to lumbar lordosis. Last but not least (d) Body mass index (BMI) ≤ 29.5 kg/m² in pregnant women is associated with total failure of spinal anesthesia (Doelakeh & Chandak, 2023; Punchuklang, et al., 2022; Bernstein, et al., 2020; Arakawa, et al. 2024). As pregnancy progresses, there is dilation of epidural veins and increased abdominal pressure [Kepley, et al., 2020;], which decrease the size of the epidural space and cerebrospinal fluid (CSF) volume in the subarachnoid space. This ultimately alters the spread of local anesthetics in the space [Bernstein, et al., 2020).  
2. Drug Dosage:

· Drug dosage, administration of too low a dose of the drug or an inappropriate volume of the drug to achieve the desired target (Tariq, 2024). Other interesting aspect which possibly responsible for this delayed was poor drug storage and handling that is not in accordance with the specified temperature (Marshall & Chrimes, 2019).
· Long-term use of opioids causes neurophysiological adaptation and pharmacokinetic interactions in the central nervous system (Cascella, et al., 2020; Volkow & Blanco, 2021). As a result, even though spinal anesthesia has been injected in the right way, the body's response to the anesthesia drug is slow because the nervous system is recklessly accustomed to chronic and recurrent exposure to the active substance (Cascella, et al., 2020; Volkow & Blanco, 2021; Powell, et al., 2016). 
3. Patient Psychology. Before undergoing anesthesia and surgery, a patient's well-being is crucial for a safe and successful procedure (Volkow & Blanco, 2021). This involves physical and mental preparation, including following fasting instructions, managing medications, and addressing anxiety (Wilson, et al., 2019; Powell, et al., 2016). Ensuring the patient is informed, comfortable, and prepared can significantly impact their recovery (Powell, et al., 2016). The patient's feelings of anxiety and restlessness may cause every stimulus to be interpreted as pain and cause a false perception of a failed spinal block (Jlala, et al., 2010). That is why with increasing prevalence of surgery under local or regional anesthesia, which allows patients to remain conscious during the intraoperative phase, there is a growing need to comprehend the lived experiences associated with this practice through pre surgical visit to give adequate information and strengthening the patient mental condition (Volkow & Blanco, 2021).
4. Injection Technique

• Injection technique might also be contributed to this delay (Fettes, 2019). the patient's position during injection is not right or the anesthetic solution does not completely enter the subarachnoid space so that the anesthetic effect is slow or uneven (Demilie, et al, 2121)
· Suboptimal sitting position or movement occurred\ immediately after injection (Park, et al., 2010). In hyperbaric drugs, correct position is very crucial for perfectly even distribution. Immediate change in position right after the injection, e.g., the patient tilts, it can cause unwanted partial block (Besha, et al., 2023).
5. Undetected variations in Spinal Anatomy. Variations in vertebral column anatomy can affect spinal needle insertion and spinal block distribution (Joo, et al., 2010; Popham, 2009). Sacral meningocoele and sacral perineural cyst have been reported to be anatomical condition which may affect anesthetic procedure which involve the vertebrae. The predictive factors for the difficulty of spinal anesthesia in patients undergoing cesarean section has been investigated and consists the condition of Increasing age (Hofhuizen, et al., 2018), weight (Ciftcy, 2015) body mass index ( Jlala, 2010), reducing the ability to bend the waist, the non-touching of the spinous process and interstitial space ( Joo, et al. 2010) All of those conditions might  causes the difficulty of performing spinal anesthesia in patients undergoing cesarean section (Atashkhoei, et al., 2019).
The slow onset of spinal anesthesia in this case of cesarean section resulted in the cesarean section operation being delayed by 20 minutes to begin. The parturient was still able to undergo cesarean section because of good communication between the anesthesiologist, patient and obstetrician and no fetal distress was found (baby's APGAR score 9/10).
CONCLUSION

The occurrence of delayed onset of spinal anesthesia in cases of cesarean section is rare. The most likely cause of the delayed onset of spinal anesthesia in cases of cesarean section is the physiological changes that occur in the parturient. Delayed onset of spinal anesthesia will cause a delay in the start of emergency surgery and if this occurs in cesarean section will cause adverse effects on the mother and baby.
Disclaimer (Artificial intelligence)

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

CONSENT: 
As   per   international   standards   or   university/hospital standards,  patient(s)  written  consent  has  been collected and preserved by the author(s).

REFERENCES

1. Alkinani, A. A., Albabtean, B., Alfaris, H., Alarwan, A., Al Harbi, A., Alrajeh, M., et al. (2024). Impact of Spinal Anesthesia Dosage in Elective Cesarean Section on the Duration of Stay in Post-Anesthesia Care Unit at the Women's Health Hospital, National Guard Health Affairs. Cureus, 16(12), e75626. https://doi.org/10.7759/cureus.75626

2. Agegnehu, A. F., Gebregzi, A. H., & Endalew, N. S. (2020). Review of evidences for management of rapid sequence spinal anesthesia for category one cesarean section, in resource limiting setting. International journal of surgery open, 26, 101–105. https://doi.org/10.1016/j.ijso.2020.08.013

3. Amsalu, H., Zemedkun, A., Regasa, T., & Adamu, Y. (2022). Evidence-Based Guideline on Prevention and Management of Shivering After Spinal Anesthesia in Resource-Limited Settings: Review Article. International journal of general medicine, 15, 6985–6998. https://doi.org/10.2147/IJGM.S370439

4. Arakawa M. (2004). Does pregnancy increase the efficacy of lumbar epidural anesthesia?. International journal of obstetric anesthesia, 13(2), 86–90. https://doi.org/10.1016/j.ijoa.2003.10.008

5. Atashkhoei S, Samudi S, Abedini N, Khoshmaram N, Minayi M. (2019) Anatomical predicting factors of difficult spinal anesthesia in patients undergoing cesarean section: An observational study. Pak J Med Sci. 35:1707-1711. doi:10.12669/pjms.35.6.1276

6. Baagil, H., Baagil, H., & Gerbershagen, M. U. (2023). Preoperative Anxiety Impact on Anesthetic and Analgesic Use. Medicina (Kaunas, Lithuania), 59, 12, 2069. https://doi.org/10.3390/medicina59122069

7. Bedson, R, Riccoboni, A. (2014) Physiology of pregnancy: clinical anaesthetic implications, Continuing Education in Anaesthesia Critical Care & Pain, 14, 2, April 2014, 69–72, https://doi.org/10.1093/bjaceaccp/mkt036

8. Bernstein, K., Hussey, H., Hussey, P., Gordo, K., & Landau, R. (2020). Neuro-anesthesiology in pregnancy. Handbook of clinical neurology, 171, 193–204. https://doi.org/10.1016/B978-0-444-64239-4.00010-2

9. Besha A, Zemedkun A, Tadesse M, Hailu S, Mossie A, Shiferaw A, et al. (2023) Effects of Hyperbaric and Isobaric Bupivacaine on Hemodynamic Profiles and Block Characteristics Among Parturients Undergoing Elective Cesarean Section Under Spinal Anesthesia: A Randomized Controlled Trial. J Pain Res, 16, 3545-3558. doi: 10.2147/JPR.S428314.
10. Bhatia, P., & Chhabra, S. (2018). Physiological and anatomical changes of pregnancy: Implications for anaesthesia. Indian journal of anaesthesia, 62(9), 651–657. https://doi.org/10.4103/ija.IJA_458_18

11. Calegari, R., Fogliatto, F. S., Lucini, F. R., Anzanello, M. J., & Schaan, B. D. (2020). Surgery scheduling heuristic considering OR downstream and upstream facilities and resources. BMC health services research, 20(1), 684. https://doi.org/10.1186/s12913-020-05555-1

12. Cambise, C., De Cicco, R., Luca, E., Punzo, G., Di Franco, V., Dottarelli, A., et al. (2024). Postoperative urinary retention (POUR): A narrative review. Saudi journal of anaesthesia, 18(2), 265–271. https://doi.org/10.4103/sja.sja_88_24

13. Ciftci, T., Kepekci, A. B., Yavasca, H. P., Daskaya, H., & İnal, V. (2015). The Levels and Duration of Sensory and Motor Blockades of Spinal Anesthesia in Obese Patients That Underwent Urological Operations in the Lithotomy Position. BioMed research international, 2015, 453939. https://doi.org/10.1155/2015/453939

14. Crowe, G., & Drew, T. (2024). Neuraxial anaesthesia in the parturient with pre-existing structural spinal pathology. BJA education, 24, 10, 361–370. https://doi.org/10.1016/j.bjae.2024.05.005

15. Demilie, A. E., Denu, Z. A., Bizuneh, Y. B., & Gebremedhn, E. G. (2024). Incidence and factors associated with failed spinal anaesthesia among patients undergoing surgery: a multi- center prospective observational study. BMC anesthesiology, 24, 1, 129. https://doi.org/10.1186/s12871-024-02484-y

16. Doelakeh, E. S., & Chandak, A. (2023). Risk Factors in Administering Spinal Anesthesia: A Comprehensive Review. Cureus, 15,12, e49886. https://doi.org/10.7759/cureus.49886

17. Eroglu, A., Erturk, E., Apan, A., & Apan, O. C. (2014). Regional anesthesia for postoperative pain control. BioMed research international, 2014, 309606. https://doi.org/10.1155/2014/309606

18. Fettes, P. D., Jansson, J. R., & Wildsmith, J. A. (2009). Failed spinal anaesthesia: mechanisms, management, and prevention. British journal of anaesthesia, 102, 6, 739–748. https://doi.org/10.1093/bja/aep096

19. Forget, P., Borovac, J. A., Thackeray, E. M., & Pace, N. L. (2019). Transient neurological symptoms (TNS) following spinal anaesthesia with lidocaine versus other local anaesthetics in adult surgical patients: a network meta-analysis. The Cochrane database of systematic reviews, 12, 12, CD003006. https://doi.org/10.1002/14651858.CD003006.pub4

20. Gross, M., Saint-Hilaire, Q., Kohler, G., & Thornton, I. (2025). Delayed Onset of Spinal Anesthesia in a Chronic Opioid User Undergoing Cesarean Section. Cureus, 17,2, e79247. https://doi.org/10.7759/cureus.79247

21. Hofhuizen, C., Lemson, J., Snoeck, M., & Scheffer, G. J. (2019). Spinal anesthesia-induced hypotension is caused by a decrease in stroke volume in elderly patients. Local and regional anesthesia, 12, 19–26. https://doi.org/10.2147/LRA.S193925

22. Horlocker T. T. (2011). Regional anaesthesia in the patient receiving antithrombotic and antiplatelet therapy. British journal of anaesthesia, 107 Suppl 1, i96–i106. https://doi.org/10.1093/bja/aer381

23. Horn, R., Hendrix, J. M., & Kramer, J. (2024). Postoperative Pain Control. In StatPearls. StatPearls Publishing.

24. Huh H. (2023). Postoperative nausea and vomiting in spinal anesthesia. Korean journal of anesthesiology, 76, 2, 87–88. https://doi.org/10.4097/kja.23157

25. Joo J, Kim J, Lee J. (2010) The prevalence of anatomical variations that can cause inadvertent dural puncture when performing caudal block in Koreans: a study using magnetic resonance imaging. Anaesthesia, 65, 1, 23-26. doi:10.1111/j.1365-2044.2009.06168.x
26. Jlala, H. A., Bedforth, N. M., & Hardman, J. G. (2010). Anesthesiologists' perception of patients' anxiety under regional anesthesia. Local and regional anesthesia, 3, 65–71. https://doi.org/10.2147/lra.s11271

27. Kepley JM, Bates K, Mohiuddin SS. Physiology, Maternal Changes. [Updated 2023 Mar 12]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2025 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK539766/

28. Kessack, L., Davenport, G., McGlennan, C., & Bamber, J. H. (2024). Observational study of peripheral skin temperature changes following spinal anaesthesia for caesarean birth. International journal of obstetric anesthesia, 58, 103970. https://doi.org/10.1016/j.ijoa.2023.103970

29. Kim, J. E., Lee, J. H., Kim, E. J., Min, M. W., Ban, J. S., & Lee, S. G. (2012). The effect of type of anesthesia on intra-and postoperative blood loss at elective cesarean section. Korean journal of anesthesiology, 62(2), 125–129. https://doi.org/10.4097/kjae.2012.62.2.125

30. Körner, J., Albani, S., Sudha Bhagavath Eswaran, V., Roehl, A. B., Rossetti, G., & Lampert, A. (2022). Sodium Channels and Local Anesthetics-Old Friends With New Perspectives. Frontiers in pharmacology, 13, 837088. https://doi.org/10.3389/fphar.2022.837088

31. Koutp, A., Hauer, G., Leitner, L., Kaltenegger, L., Fischerauer, S., Clar, C., et al. (2024). Less Induction Time and Postoperative Pain Using Spinal Anesthesia Versus General Anesthesia With or Without the Use of Peripheral Nerve Blocks in Total Knee Arthroplasty. The Journal of arthroplasty, 39, 4, 904–909. https://doi.org/10.1016/j.arth.2023.10.018

32. Lyons, J.S., Begen, M.A., & Bell, P.C. (2023). Surgery Scheduling and Perioperative Care: Smoothing and Visualizing Elective Surgery and Recovery Patient Flow. Analytics.

33. Magdić Turković, T., Sabo, G., Babić, S., & Šoštarić, S. (2022). Spinal Anesthesia In Day Surgery - Early Experiences. Acta clinica Croatica, 61, Suppl 2, 160–164. https://doi.org/10.20471/acc.2022.61.s2.22

34. Marshall, S. D., & Chrimes, N. (2019). Medication handling: towards a practical, human-centred approach. Anaesthesia, 74, 3, 280–284. https://doi.org/10.1111/anae.14482

35. Melaku L. (2022) Physiological Changes in the Pregnancy and Anesthetic Implication during Labor, Delivery, and Postpartum . Open Anesthesia J, 16: e258964582207130. http://dx.doi.org/10.2174/25896458-v16-e2207130

36. Olawin, A. M., & Das, J. M. (2022). Spinal Anesthesia. In StatPearls. StatPearls Publishing.

37. Pandit, J. J., Ramachandran, S. K., & Pandit, M. (2022). The effect of overlapping surgical scheduling on operating theatre productivity: a narrative review. Anaesthesia, 77, 9, 1030–1038. https://doi.org/10.1111/anae.15797

38. Parikh, K. S., & Seetharamaiah, S. (2018). Approach to failed spinal anaesthesia for caesarean section. Indian journal of anaesthesia, 62, 9, 691–697. https://doi.org/10.4103/ija.IJA_457_18

39. Park SY, Park JC, Park SH.  (2010) Is It Useful and Safe to Maintain the Sitting Position During Only One Minute before Position Change to the Jack-knife Position?.  Korean J Pain, 23,190-197.  https://doi.org/10.3344/kjp.2010.23.3.190
40. Popham PA.  (2009) Anatomical causes of failed spinal anaesthesia may be commoner than thought,  BJA: Br J of Anaesth. 103, 3, 459. https://doi.org/10.1093/bja/aep217
41. Powell, R., Scott, N. W., Manyande, A., Bruce, J., Vögele, C., Byrne-Davis, L. M., et al. (2016). Psychological preparation and postoperative outcomes for adults undergoing surgery under general anaesthesia. The Cochrane database of systematic reviews, 2016, 5, CD008646. https://doi.org/10.1002/14651858.CD008646.pub2

42. Pozza, D. H., Tavares, I., Cruz, C. D., & Fonseca, S. (2023). Spinal Cord Injury and Complications Related to Neuraxial Anaesthesia Procedures: A Systematic Review. International journal of molecular sciences, 24, 5, 4665. https://doi.org/10.3390/ijms24054665

43. Punchuklang, W., Nivatpumin, P., & Jintadawong, T. (2022). Total failure of spinal anesthesia for cesarean delivery, associated factors, and outcomes: A retrospective case-control study. Medicine, 101, 27, e29813. https://doi.org/10.1097/MD.0000000000029813

44. Ring, L., Landau, R., & Delgado, C. (2021). The Current Role of General Anesthesia for Cesarean Delivery. Current anesthesiology reports, 11, 1, 18–27. https://doi.org/10.1007/s40140-021-00437-6

45. Salinas, F. V., Sueda, L. A., & Liu, S. S. (2003). Physiology of spinal anaesthesia and practical suggestions for successful spinal anaesthesia. Best practice & research. Clinical anaesthesiology, 17, 3, 289–303. https://doi.org/10.1016/s1521-6896(02)00114-3

46. Sung, T. Y., Jee, Y. S., You, H. J., & Cho, C. K. (2021). Comparison of the effect of general and spinal anesthesia for elective cesarean section on maternal and fetal outcomes: a retrospective cohort study. Anesthesia and pain medicine, 16, 1, 49–55. https://doi.org/10.17085/apm.20072

47. Tanzil T, Khatoon SN, Dhar S, Alam AS. (2021) Challenges and Difficulties of Spinal Anesthesia in a Patient with Traumatic Thoracolumber Scoliosis. j Bangladesh Soc Anaesthesiologists, 34,1, 54-6.. 

48. Tariq RA, Vashisht R, Sinha A. (2025) Medication Dispensing Errors and Prevention. [Updated 2024 Feb 12]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2025 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK519065/

49. Taylor, A., & McLeod, G. (2020). Basic pharmacology of local anaesthetics. BJA education, 20, 2, 34–41. https://doi.org/10.1016/j.bjae.2019.10.002

50. Volkow, N. D., & Blanco, C. (2021). The changing opioid crisis: development, challenges and opportunities. Molecular psychiatry, 26, 1, 218–233. https://doi.org/10.1038/s41380-020-0661-4

51. Wilson, C. J., Mitchelson, A. J., Tzeng, T. H., El-Othmani, M. M., Saleh, J., Vasdev, S., et al. (2016). Caring for the surgically anxious patient: a review of the interventions and a guide to optimizing surgical outcomes. American journal of surgery, 212, 1, 151–159. https://doi.org/10.1016/j.amjsurg.2015.03.023

52. Wong, R. P., Carter, H. B., Wolfson, A., Faustin, C., Cohen, S. R., & Wu, C. L. (2007). Use of spinal anesthesia does not reduce intraoperative blood loss. Urology, 70, 3, 523–526. https://doi.org/10.1016/j.urology.2007.04.034

53. Yentis S, Malhotra S. (2012) Bloody tap. In: Analgesia, Anaesthesia and Pregnancy: A Practical Guide. Cambridge University Press, 113-113.

