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Abstract 
The occurrence of hypotension following spinal anaesthesia has been seen in a significant number of 

elective instances when a comprehensive strategy for preventing and treating it was not implemented. 

Carotid corrected flow time changes provide a straightforward, dependable, and non-intrusive approach 

to anticipate blood volume without the need for arterial cannulation. Impedance cardiography has the 

ability to identify little variations in stroke volume that occur when the pregnant woman shifts her 

posture. Impedance cardiography tests indicated that there was a peak in cardiac contractility during the 

antepartum period. However, during the postpartum phase, there was a decline in contractility and a 

rise in thoracic fluid content. 
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Introduction 

Spinal anaesthesia is the preferred method for elective caesarean section (CS) because to its 

ability to safeguard against the usual negative consequences associated with general 

anaesthesia, including the potential for aspiration, difficulties with the airway, and the 

adverse impact of iv anaesthetic medicines on the foetus. Additionally, it offers efficient pain 

management, rapid resumption of daily activities, and enhances quality of life [1, 2]. 

Despite the implementation of several strategies including IV fluid administration, 

prophylactic vasopressor medication, and patient positioning, hypotension may still occur, 

with incidences as high as 30% despite these interventions [3, 4]. When vasopressors are 

administered as a preventive measure, around 30% of women experience reactive 

hypertension [5]. Hypotension is observed in at least 40% of patients following the 

administration of fluids. It is important to take into account the potential rare adverse 

consequences of anaphylaxis, volume overload, and coagulopathy [5]. 

Variable hemodynamic monitoring modalities had been utilised in the anticipation of post-

spinal hypotension. pulse oximetry variables, including the perfusion index and pulse 

variability index, Ultrasound assessment of fluid status and non-invasive cardiometry were 

used [6]. Pre-anesthetic carotid artery corrected flow time (FTc) had been shown to be a 

reliable indicator of post-spinal hypotension in cesarean section [7]. The baseline data 

acquired using the bioreactance-based technology can potentially function as a 

prognosticator for post-spinal anaesthesia hypotension in pregnant women [8]. 

 

Predictors of post-spinal hypotension 

Precise anticipation of post-spinal hypotension during CS could improve clinical decision-

making, alter therapeutic management, and lead to appropriate early interventions. over 30 

predictors of post-spinal hypotension were investigated. These predictors can be classified 

into seven categories: demographic features, baseline hemodynamic parameters, baseline 

sympatho-vagal balance, postural stress testing, peripheral perfusion indices, blood volume 

and fluid responsiveness indicators, and genetic polymorphism [9]. 
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Consequences of post-spinal hypotension 

Acute low blood pressure decreases blood flow to the brain, 

causes transient ischemia to the brainstem, and triggers 

the vomiting centre, leading to vomiting and nausea. The 

utilisation of near-infrared spectroscopy demonstrates that 

hypotension is correlated with a substantial reduction in 

maternal regional cerebral blood volume, cerebral oxygen 

saturation, and oxygenation [10]. This aligns with the finding 

that providing additional oxygen may alleviate the sensation 

of nausea [11]. 

Intraoperative nausea and vomiting (IONV) occur more 

frequently throughout spinal anaesthesia for CS compared to 

non-obstetric surgery. The cause of this is influenced by 

multiple factors. Possible causes of anaesthesia include low 

blood pressure, raised activity of the vagus nerve, and the 

consumption of opioids through parenteral or neuraxial 

routs. Non-anesthetic factors that can cause it includes 

surgical stimulation, surgical bleeding, drugs like antibiotics 

and uterotonic agents, and mobility near the end of surgery. 

Both anaesthetic and non-anesthetic factors can 

independently or cumulatively contribute to the occurrence 

of IONV [12, 13]. 

High dose of intrathecal morphine (>100-250 μg) prolongs 

analgesia after CS compared with lower doses (50-100 μg) 

but with higher incidence of IONV. So, clinicians should 

weigh the advantages and possible adverse effects of using 

high dose of intrathecal morphine for CS [14].  

while intrathecal fentanyl was correlated with a significant 

reduction in vomiting and nausea. Manipulation of the intra-

abdominal organs and peritoneal traction throughout 

CS cause intraoperative visceral pain, leading to complaints 

of vomiting and nausea from the pregnant women. Including 

intrathecal fentanyl with the local anaesthetic eliminates 

visceral discomfort and reduces the occurrence of vomiting 

and nausea [15, 16]. 

Neuraxial anesthesia-induced hypotension is a significant 

contributing factor to the development of IONV. The use of 

prophylactic vasopressors was found to significantly 

reduces the incidence of IONV during CS [17]. 

 

Management of post-spinal hypotension 

The combined application of low-dose spinal anaesthesia, 

appropriate hydration therapy, and vasopressor medication 

is employed to treat maternal hypotension caused by spinal 

anaesthesia. Since none of the vasopressors currently 

available have been found to cause significant harm to both 

the mother and the foetus, it is not recommended to exclude 

any of them from obstetric practice. Rapid crystalloid co-

loading is just as effective as colloids and ought to be 

chosen due to its lower risk profile [18]. Ondansetron, while 

not typically used for hypotension, has been found to 

effectively decrease the occurrence of hypotension and 

bradycardia. These effects are mild and are particularly 

notable in the subset of subjects having CS. Further 

investigation is required to definitively determine its role 
[19]. 

There is a wide range of hemodynamic monitoring tools 

available. Various non-invasive monitoring approaches have 

been developed to achieve precise and consistent 

measurements, while reducing the potential difficulties 

associated with invasive methods. Ultrasound is highly 

recommended for determining volume status due to its non-

invasive nature, straightforward acquisition, and the ability 

to provide consistent results. Therefore, spectral carotid 

Doppler ultrasound (CDU), a non-invasive method for 

monitoring blood flow, has become become increasingly 

popular [20]. 

 

Predictors of spinal anesthesia-induced hypotension 

There were >30 predictors which were categorized into 

seven domains [21] 

1. Demographic features 

2. Baseline hemodynamic parameters 

3. Baseline sympatho-vagal balance 

4. Postural stress testing 

5. Peripheral perfusion indices 

6. Blood volume and fluid responsiveness indices 

7. Genetic polymorphism 

 

CDU for assessment of hemodynamic parameters 

Several investigations were conducted to compare the 

efficacy of common carotid artery (CCA) sonography with 

transthoracic echocardiography (TTE) in measuring cardiac 

output (CO). A study was undertaken to assess the 

relationship between CO and several hemodynamic 

variables in the carotid artery among subjects who were 

stable in terms of their blood flow. It was discovered that 

changes in preload of the heart and the resulting changes in 

cardiac output directly corresponded to changes in carotid 

blood flow. This indicates the possibility of utilising carotid 

flow as a substitute for cardiac output. The most favourable 

metrics were systolic carotid flow, corrected flow time, and 

total carotid flow [22]. 

No notable disparity existed in carotid and TTE cardiac 

output among all genders, age groups, and individuals with 

or without mechanical ventilation. Carotid artery Doppler 

can be used as a substitute for assessing cardiac output in 

emergency situations and when it is not possible to estimate 

cardiac output using TTE [23]. 

Various research have investigated the utilisation of CDU 

for evaluating fluid responsiveness and volume status, 

which indicates the precise measurement of the amount of 

blood circulating in the body. Based on the findings, the 

changes in FTc generated by passive leg raise (PLR-ΔFTc) 

seem to be a reliable indicator for hypovolemia [24]. 

CDU-derived characteristics are utilised for the prediction 

of fluid responsiveness, which refers to a patient's capacity 

to exhibit a favourable response to a preload challenge. This 

study examines the relationship between the diameter of 

the CCA and hemodynamic parameters for individuals who 

have undergone cardiac operations and were placed on 

mechanical ventilation. Ultrasound was used to visualise the 

CCA, and the percentage rise in the diameter during diastole 

was determined by measuring it before and after 

administering a crystalloid infusion solution. At the same 

time, pulse pressure variation and invasive arterial blood 

pressure were evaluated. A notable correlation was seen 

between the alteration in CCA diameter and the 

hemodynamic response. Moreover, the carotid diameter 

evaluated prior to volume expansion exhibited a substantial 

correlation with the change in pulse pressure variation 

following fluid delivery [25]. 

Fluid responsiveness in various clinical situations has been 

determined using FTc [26]. The hemodynamic variables in 

the carotid artery can accurately indicate volume 

responsiveness throughout both spontaneous breathing and 

mechanical ventilation owing to its superficial location, 

straightforward measurement, and minimal interference 
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from respiration [26]. 

The pilot study [27] found that flow measures of the 

CCA accurately represented temporary variations in stroke 

volume and velocity time integral (VTI) in the descending 

aorta throughout simulated end-inspiratory/end-expiratory 

occlusion tests (sEIOT/sEEOT) performed on healthy 

participants. Aya et al. [28]discovered that changes in FTc 

caused by recruitment manoeuvres conducted by 

anesthesiologists throughout surgery can be used as markers 

to evaluate the fluid responsiveness of patients throughout 

the operation.  

 

Cardiometry in obstetrics 

The use of impedance cardiography to detect heart function 

throughout pregnancy and in various maternal postures has 

been documented. Impedance cardiography can accurately 

identify slight variations in stroke volume (SV) that occur 

due to alterations to maternal position. Impedance 

cardiography tests indicated that there was a high level of 

cardiac contractility during the antepartum period. However, 

after childbirth, there was a reduction in contractility and a 

rise in thoracic fluid content (TFC) [29]. 

Electrical cardiometry (EC) was utilised to determine 

standard impedance cardiography measurements during the 

latter half of pregnancy and within 48 hours following 

delivery, whether through vaginal or caesarean delivery. 

The values of EC can be utilised to interpret and evaluate 

individuals who have had similar tests and have 

hypertensive or otherwise difficult pregnancies [30]. 

Whole-body impedance cardiography has the potential to be 

a valuable noninvasive method for monitoring 

hemodynamics during CS. Upon reaching the destination, 

there was a significant 47% rise in CI and a notable 39% 

decline in SVRI, although the mean arterial blood pressure 

remained constant. The aforementioned alterations took 

place within a time frame of 2 minutes following the 

delivery of the newborn and remained in effect for an 

average duration of 10 minutes [31]. 

 

References 

1. Wong CA. General anesthesia is unacceptable for 

elective cesarean section. International Journal of 

Obstetric Anesthesia. 2010;19:209-212.  

doi:10.1016/j.ijoa.2010.01.005 

2. Ghaffari S, Dehghanpisheh L, Tavakkoli F, Mahmoudi 

H. The Effect of Spinal versus General Anesthesia on 

Quality of Life in Women Undergoing Cesarean 

Delivery on Maternal Request. Cureus. 2018;10. 

doi:10.7759/cureus.3715 

3. Zieleskiewicz L, Noel A, Duclos G, Haddam M, 

Delmas A, Bechis C, et al. Can point‐of‐care ultrasound 

predict spinal hypotension during caesarean section? A 

prospective observational study. Anaesthesia. 

2018;73:15-22. doi:10.1111/anae.14106 

4. Hasanin A, Amin S, Refaat S, Habib S, Zayed M, 

Elsayad M, et al. Norepinephrine versus phenylephrine 

infusion for prophylaxis against post-spinal anaesthesia 

hypotension during elective caesarean delivery: a 

randomised controlled trial. Anaesthesia Critical Care 

& Pain Medicine. 2019;38:601-607.  

doi:10.1016/j.accpm.2018.12.001 

5. Xiao F, Shen B, Xu W-p, Feng Y, Kee WDN, Chen 

XZ. Dose–response study of 4 weight-based 

phenylephrine infusion regimens for preventing 

hypotension during cesarean delivery under combined 

spinal–epidural anesthesia. Anesthesia & Analgesia. 

2020;130:187-193. 

doi:10.1213/ANE.0000000000004573 

6. Yokose M, Mihara T, Sugawara Y, Goto T. The 

predictive ability of non-invasive haemodynamic 

parameters for hypotension during caesarean section: a 

prospective observational study. Anaesthesia. 

2015;70:555-562. doi:10.1111/anae.13022 

7. Kim HJ, Choi YS, Kim SH, Lee W, Kwon JY, Kim 

DH. Predictability of preoperative carotid artery-

corrected flow time for hypotension after spinal 

anaesthesia in patients undergoing caesarean section: A 

prospective observational study. European Journal of 

Anaesthesiology. 2021;38:394-401.  

doi:10.1097/EJA.0000000000001392 

8. Yeh PH, Chang YJ, Tsai SE. Observation of 

hemodynamic parameters using a non-invasive cardiac 

output monitor system to identify predictive indicators 

for post-spinal anesthesia hypotension in parturients 

undergoing cesarean section. Experimental and 

Therapeutic Medicine. 2020;20:168.  

doi:10.3892/etm.2020.8968 

9. Yu C, Gu J, Liao Z, Feng S. Prediction of spinal 

anesthesia-induced hypotension during elective 

cesarean section: a systematic review of prospective 

observational studies. International Journal of Obstetric 

Anesthesia. 2021;47:103175.  

doi:10.1016/j.ijoa.2021.103175 

10. Hirose N, Kondo Y, Maeda T, Suzuki T, Yoshino A. 

Relationship between regional cerebral blood volume 

and oxygenation and blood pressure during spinal 

anesthesia in women undergoing cesarean section. 

Journal of Anesthesia. 2016;30:603-609.  

doi:10.1007/s00540-016-2197-y 

11. Hirose N, Kondo Y, Maeda T, Suzuki T, Yoshino A, 

Katayama Y. Oxygen Supplementation is Effective in 

Attenuating Maternal Cerebral Blood Deoxygenation 

After Spinal Anesthesia for Cesarean Section. 

Advances in Experimental Medicine and Biology. 

2016;876:471-477. doi:10.1007/978-1-4939-3023-4_59 

12. Balki M, Carvalho JC. Intraoperative nausea and 

vomiting during cesarean section under regional 

anesthesia. International Journal of Obstetric 

Anesthesia. 2005;14:230-241.  

doi:10.1016/j.ijoa.2005.02.006 

13. Tan HS, Habib AS. The optimum management of 

nausea and vomiting during and after cesarean delivery. 

Best Practice & Research Clinical Anaesthesiology. 

2020;34:735-747. doi:10.1016/j.bpa.2020.09.003 

14. Sultan P, Halpern SH, Pushpanathan E, Patel S, 

Carvalho B. The Effect of Intrathecal Morphine Dose 

on Outcomes After Elective Cesarean Delivery: A 

Meta-Analysis. Anesthesia & Analgesia. 2016;123:154-

164. doi:10.1213/ANE.0000000000001334 

15. Ali WA, Mohammed M, Abdelraheim AR. Effect of 

intrathecal fentanyl on the incidence, severity, and 

duration of postdural puncture headache in parturients 

undergoing caesarean section: A randomised controlled 

trial. Indian Journal of Anaesthesia. 2020;64:965-970. 

doi:10.4103/ija.IJA_804_19 

16. Seki H, Shiga T, Mihara T, Hoshijima H, Hosokawa Y, 

Hyuga S, et al. Effects of intrathecal opioids on 

cesarean section: a systematic review and Bayesian 

https://www.anesthesiologypaper.com/


International Journal of Medical Anesthesiology https://www.anesthesiologypaper.com 

~ 4 ~ 

network meta-analysis of randomized controlled trials. 

Journal of Anesthesia. 2021;35:911-927.  

doi:10.1007/s00540-021-02985-8 

17. Habib AS. A review of the impact of phenylephrine 

administration on maternal hemodynamics and 

maternal and neonatal outcomes in women undergoing 

cesarean delivery under spinal anesthesia. Anesthesia & 

Analgesia. 2012;114:377-390.  

doi:10.1213/ANE.0b013e3182409f11 

18. Massoth C, Töpel L, Wenk M. Hypotension after spinal 

anesthesia for cesarean section: how to approach the 

iatrogenic sympathectomy. Current Opinion in 

Anaesthesiology. 2020;33:291-298.  

doi:10.1097/ACO.0000000000000883 

19. Heesen M, Klimek M, Hoeks SE, Rossaint R. 

Prevention of Spinal Anesthesia-Induced Hypotension 

During Cesarean Delivery by 5-Hydroxytryptamine-3 

Receptor Antagonists: A Systematic Review and Meta-

analysis and Meta-regression. Anesthesia & Analgesia. 

2016;123:977-988. 

doi:10.1213/ANE.0000000000001428 

20. Beier L, Davis J, Esener D, Grant C, Fields JM. Carotid 

Ultrasound to Predict Fluid Responsiveness: A 

Systematic Review. Journal of Ultrasound in Medicine. 

2020;39:1965-1976. doi:10.1002/jum.15340 

21. Yu C, Gu J, Liao Z, Feng S. Prediction of spinal 

anesthesia-induced hypotension during elective 

cesarean section: a systematic review of prospective 

observational studies. International Journal of Obstetric 

Anesthesia. 2021;47:103175.  

doi:10.1016/j.ijoa.2021.103175 

22. Sidor M, Premachandra L, Hanna B, Nair N, Misra A. 

Carotid Flow as a Surrogate for Cardiac Output 

Measurement in Hemodynamically Stable Participants. 

Journal of Intensive Care Medicine. 2020;35:650-655. 

doi:10.1177/0885066618779070 

23. Peng QY, Zhang LN, Ai ML, Li L, Hu CH, Zhang YX, 

et al. Common Carotid Artery Sonography Versus 

Transthoracic Echocardiography for Cardiac Output 

Measurements in Intensive Care Unit Patients. Journal 

of Ultrasound in Medicine. 2017;36:1793-1799.  

doi:10.1002/jum.14238 

24. Mackenzie DC, Khan NA, Blehar D, Glazier S, Chang 

Y, Stowell CP, et al. Carotid Flow Time Changes With 

Volume Status in Acute Blood Loss. Annals of 

Emergency Medicine. 2015;66:277-282.  

doi:10.1016/j.annemergmed.2015.04.007 

25. Hilbert T, Klaschik S, Ellerkmann RK, Putensen C, 

Thudium M. Common carotid artery diameter responds 

to intravenous volume expansion: an ultrasound 

observation. Springer Plus. 2016;5:853.  

doi:10.1186/s40064-016-2580-6 

26. Maitra S, Baidya DK, Anand RK, Subramanium R, 

Bhattacharjee S. Carotid artery corrected flow time and 

respiratory variations of peak blood flow velocity for 

prediction of hypotension after induction of general 

anesthesia in adult patients undergoing elective surgery: 

a prospective observational study. Journal of 

Ultrasound in Medicine. 2020;39:721-730.  

doi:10.1002/jum.15218 

27. Kenny JS, Barjaktarevic I, Eibl AM, Parrotta M, Long 

BF, Eibl JK. A wearable carotid doppler tracks changes 

in the descending aorta and stroke volume induced by 

end-inspiratory and end-expiratory occlusion: A pilot 

study. Health Science Reports. 2020;3. 

doi:10.1002/hsr2.190 

28. Kimura A, Suehiro K, Juri T, Tanaka K, Mori T. 

Changes in corrected carotid flow time induced by 

recruitment maneuver predict fluid responsiveness in 

patients undergoing general anesthesia. Journal of 

Clinical Monitoring and Computing. 2022;36:1069-

1077. doi:10.1007/s10877-021-00766-6 

29. Burlingame J, Ohana P, Aaronoff M, Seto T. 

Noninvasive cardiac monitoring in pregnancy: 

impedance cardiography versus echocardiography. 

Journal of Perinatology. 2013;33:675-680.  

doi:10.1038/jp.2013.41 

30. Morris R, Sunesara I, Rush L, Anderson B, Blake PG, 

Darby M, et al. Maternal hemodynamics by thoracic 

impedance cardiography for normal pregnancy and the 

postpartum period. Obstetrics & Gynecology. 

2014;123:318-324.  

doi:10.1097/AOG.0000000000000085 

31. Tihtonen K, Kööbi T, Yli-Hankala A, Uotila J. 

Maternal hemodynamics during cesarean delivery 

assessed by whole-body impedance cardiography. Acta 

Obstetricia et Gynecologica Scandinavica. 

2005;84:355-361.  

doi:10.1111/j.0001-6349.2005.00626.x 

 
How to Cite This Article 
Shehab MM, Afandy ME, Hafez AAAE, Elbadawy AH, Dowidar 

AM. Prediction of spinal anesthesia-induced hypotension in cesarian 

section with focus on carotid doppler ultrasound and cardiometry. 

International Journal of Medical Anesthesiology. 2024;7(3):01-04. 

 

 

Creative Commons (CC) License 

This is an open access journal, and articles are distributed under the 

terms of the Creative Commons Attribution-NonCommercial-

ShareAlike 4.0 International (CC BY-NC-SA 4.0) License, which 

allows others to remix, tweak, and build upon the work non-

commercially, as long as appropriate credit is given and the new 

creations are licensed under the identical terms. 

https://www.anesthesiologypaper.com/

