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Abstract
Background:

   Spinal anaesthesia is commonly used in many surgeries especially caesar-
ean section (CS). It is one of the most common complications of spinal anes-
thesia, and it is a challenge for anesthesiologists. It refers to low blood pressure 
after spinal anaesthesia hypotension, which may reach the point of shock that 
need rapid intervention to decrease peri-operative morbidity and mortality. 
A lot of techniques have been described to prevent such hypotension, but an 
effective method is yet to be found. Ketamine is one of the anaesthetic drugs 
that can be injected intrathecally due to its synergistic effect with the effects of 
local and analgesic anesthesia and has a sympathetic stimulating effect that can 
raise blood pressure. 

Objectives:

The aim of the study is to evaluate the effect of using a sub-anesthetic dose 
of ketamine intrathecally on hypotension that follow spinal anaesthesia espe-
cially  in CS delivery and other surgeries that receive spinal anaesthesia.                                                                                                               

Methods:

This double-blinded randomized prospective study was conducted on 40 
participation patients who were ASA 1 and 2,  all the patients received spinal 
anesthesia. The patients were then randomly divided into two equal groups (n= 
20 in each); ketamine group received a sub- anesthetic dose of ketamine of 0.5 
mg/ kg  intrathecal with local anaesthetic  bupivacaine10 - 15 mg (2-3 ml 0.5%) 
and control (non ketamine) group received the same dose of local anaesthetics 
without ketamine. Mean arterial blood pressure (MAP) was recorded at base-
line (5 minutes prior to the intrathecal injection), and at 5, 10, 15, 20 and 30 
minutes after the injection. Incidences of hypotension and severe hypotension 
were recorded. The total doses of ephedrine and volume of infused fluid as 
cohydration were also recorded.  
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Results:                                                                                                                  

    Compared to the control group, mild hypotension and severe hypoten-
sion were less frequent among the ketamine group. MAP was higher among 
ketamine group with statistical significance at 5 and 10 minutes.  The number 
of cases who received ephedrine and the total ephedrine doses were significant-
ly lower among the ketamine group. The volume of infused fluid and number 
of cases who received that volume were also significantly lower among the 
ketamine group.                                                                               

 Conclusion:                                                                                                                                
     It is concluded that ketamine in a sub-anaesthetic dose intrathecally is 

an effective agent that can be used for alleviation of post-spinal anesthesia hy-
potension in patients undergoing spinal anaesthesia especially with CS delivery.                                                                                                                   

    

Key words: Spinal anesthesia, hypotension, intrathecal ketamine, 
ephedrine.
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الملخص:
يســتخدم التخديــر النخاعــي بشــكل شــائع في العديــد مــن العمليــات الجراحيــة وخاصــة العمليــات القيصريــة 
(CS(. يعــد أحــد أكثــر مضاعفــات التخديــر النخاعــي شــيوعًا، ويمثــل تحــديً لأطبــاء التخديــر، هــو انخفــاض 
ضغــط الــدم بعــد التخديــر النخاعــي، والــذى قــد يصــل لحــد الصدمــة ممــا يحتــاج إلى تدخــل ســريع لتقليــل 
المضاعفــات المرضيــة المرضيــة والوفيــات المحيطــة بالجراحــة. تم وصــف الكثــر مــن التقنيــات لمنــع انخفــاض ضغــط 
الــدم هــذا، ولكــن لم يتــم العثــور علــى طريقــة فعالــة بعــد. الكيتامــن هــو أحــد أدويــة التخديــر الــي يمكــن حقنهــا 
داخــل القــراب بســبب تأثــره التــآزري مــع تأثــرات التخديــر الموضعــي والمســكن ولــه تأثــر تحفيــزي ودي يمكــن 

أن يرفــع ضغــط الــدم.
الأهداف:

الهــدف مــن هــذه الدراســة هــو تقييــم تأثــر اســتخدام جرعــة تحــت التخديــر مــن الكيتامــن داخــل القــراب علــى 
انخفــاض ضغــط الــدم الــذي يتبــع التخديــر الشــوكي خاصــة في عمليــات الــولادة القيصريــة والعمليــات الجراحيــة 

الأخــرى الــي تتلقــى التخديــر الشــوكي.
الطرق:

تم إجــراء هــذه الدراســة الاســتباقية العشــوائية مزدوجــة التعميــة علــى 40 مريضًــا مشــاركًا كانــوا ASA 1 و2، 
وقــد تلقــى جميــع المرضــى التخديــر الشــوكي. ثم تم تقســيم المرضــى بشــكل عشــوائي إلى مجموعتــن متســاويتن 
)ن = 20 في كل منهمــا(؛ تلقــت مجموعــة الكيتامــن جرعــة تحــت التخديــر مــن الكيتامــن 0.5 ملغــم / كغــم 
داخــل القــراب مــع مخــدر موضعــي بوبيفاكايــن 15-10 ملغــم )3-2 مــل 0.5٪( وتلقــت مجموعــة الســيطرة 
)غــر الكيتامــن( نفــس الجرعــة مــن التخديــر الموضعــي بــدون الكيتامــن. تم تســجيل متوســط   ضغــط الــدم 
الشــريني )MAP( عنــد خــط الأســاس )5 دقائــق قبــل الحقــن داخــل القــراب(، وبعــد 5 و10 و15 و20 
و30 دقيقــة مــن الحقــن. تم تســجيل حــالات انخفــاض ضغــط الــدم وانخفــاض ضغــط الــدم الشــديد. كمــا تم 

تســجيل الجرعــات الإجماليــة للإيفيدريــن وحجــم المحاليــل الوريديــة الكليــة المعطــاة للمريــض.
النتائج:

    بالمقارنــة مــع المجموعــة الضابطــة، كان انخفــاض ضغــط الــدم الخفيــف وانخفــاض ضغــط الــدم الشــديد أقــل 
تواتــرا بــن مجموعــة الكيتامــن. كان MAP أعلــى بــن مجموعــة الكيتامــن مــع دلالــة إحصائيــة عنــد 5 و 
10 دقائــق. وكان عــدد الحــالات الــي تلقــت الإيفيدريــن وإجمــالي جرعــات الإيفيدريــن أقــل بكثــر بــن مجموعــة 
الكيتامــن. كمــا كان حجــم المحاليــل الوريديــة المحقونــة وعــدد الحــالات الــي تلقــت هــذا الحجــم أقــل بشــكل 

ملحــوظ بــن مجموعــة الكيتامــن.
 الخلاصة:

     خلصــت الدراســة إلى أن الكيتامــن في جرعــة تحــت التخديريــة داخــل القــراب هــو عامــل فعــال يمكــن 
اســتخدامه للتخفيــف مــن انخفــاض ضغــط الــدم بعــد التخديــر النخاعــي في المرضــى الذيــن يخضعــون للتخديــر 

النخاعــي وخاصــة مــع حــالات العمليــات القيصريــة.
الكلمات المفتاحية: التخدير الشوكي، انخفاض ضغط الدم، الكيتامن داخل القراب، الايفيدرين
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Introduction                                                                                                             
Spinal anesthesia started since 1898 in Germany by August Bier )Olawin 

and Das, 2022( and it has many advantages over general anesthesia such as 
reduction of stress responses, less harmful effect on lungs and breathing system, 
good pain relief, reduced risk for heart complicacations, reduced amount of 
blood loss, low cost, decreased morbidity and mortality rates in high risk pa-
tients and shortened the overall hospital stay by allowing immediate ambulation 
after surgery )Kathirvel et al, 2000(. Spinal anaesthesia is commonly used in 
many surgeries specially caesarean section )Reynold et al., 2005(. 

 Hypotension is the most common complication of spinal anesthesia, 
which represents a challenge for anaesthesiologists. It tends to cause even a 
shock that needs rapid intervention to decrease perioperative morbidity and 
mortality )Dalton et al., 2011(. Hypotension was reported to occur due to 
blockade of preganglionic sympathetic fibers  which in turn causes reduction in 
cardiac output and mean arterial pressure (MAP) and thus decrease in perfusion 
to vital organs )Hanss et al., 2006). 

A lot of techniques have been described to overcome such hypotension. 
These techniques include infusion of iv fluid, lower limb compression, sym-
pathomimetic drugs as ephedrine, the use of phenylephrine and ondanestro-
ne (Chooi et al, 2017, Ferré et al, 2020).                                                                                                      

Ketamine is a non- competitive antagonist at the N-Methyl-D-Aspartate 
(NMDA) receptor )Monteggia and Zarate, 2015), stimulating the cardiovas-
cular system with high blood pressure, heart rate and cardiac output. These 
changes are not related to the dose of ketamine (Donicke et al., 1992). The 
mechanism by which ketamine stimulates the cardiovascular system seems to be 
central rather than peripheral )Issei et al., 2021). Ketamine attenuates the baro-
receptor effect by blocking the NMDA receptors in the nucleus tractus solitarius. 
This effects results in a centrally mediated sympathetic response (Ogawa et al., 
1 9 9 3 ) .                                                                                                                                                                                        
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Ketamine is a structural analogue of phenyl cyclidine that has been used 
as anesthetic in veterinary medicine )Butterworth, 2022(. Ketamine is used 
intrathecally to produce synergistic anaesthetic effect with bupivacaine (local 
anesthetic) and to induce potent analgesic properties. When ketamine is inject-
ed with bupivacaine intrathecally in small dose, it can produce central stimula-
tion of sympathetic nervous system and inhibition of norepinephrine reuptake 
after release at nerve terminal )Kathirvel, etal 2000(.                          Ketamine’s 
indirect stimulatory effect may be beneficial to patients with acute shock (But-
terworth et al., 2022(.                                                                          

Our study is aimed to evaluate the effect of using a sub-anesthetic dose 
of ketamine intrathecally on hypotension that follow spinal anaesthesia and 
whether it is possible to alleviate the hypotensive effect of spinal anaesthesia 
without using more fluid infusion and vasopressors.

Patients and methods
This prospective randomized double blinded prospective study was con-

ducted in Kara General Hospital in Marib city, between October, 2023 and 
January 2024. The patients were of physical status ASA 1 and 2 (American 
society of anesthesiologists) normal and mild medical diseased patients, aged 
between 18 and 55 years. Exclusion criteria included contraindication to spinal 
anesthesia.                                                                                          

A total of 40 male and female patients were divided into two groups, pa-
tients undergoing different surgeries using spinal anesthesia, and female patients 
surgeries were mainly cesarean section, whether elective or emergent.                                                                                                                  

In ketamine group (K group),  ketamine was given in a dose of 0.5 mg/ kg 
intrathecally )Sohnen et al., 2021( with bupivacaine 10-15 mg (2-3 ml 
0.5%). In non-ketamine group (N group), bupivacaine (the same dose) was 
given without Ketamine.

An iv infusion of ringer lactate solution (5- 10 ml/kg) prior to subarach-
noid block was started in the operating room in all patients.  Standard anesthe-

    n=         =384
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sia monitoring was applied. Spinal anesthesia was performed with a gauge 25 
Quinke needle.                                                                                                           

Mean arterial pressure (MAP) was recorded, 5 minutes prior to the in-
trathecal injection and then at 5 min,10 min, 15min, 20 min and 30 minutes 
after spinal anesthesia. Incidence of hypotension, with MAP (mean arterial 
pressure) ≤ 65 mmHg, and severe hypotension, with MAP ≤ 55 mmHg, 
were recorded. Ephedrine 5-10 mg )Butterworth et al., 2022( was 
administered, repeated when needed. The number of cases who received 
ephedrine and total dose of ephedrine were recorded in addition to the total 
volume of infused fluid as cohydration and the number of cases who received 
ephedrine.                                                                                                                                      

Sample Size
       It was assumed that MAP below 65 mmHg would be clinically sig-
nificant among two groups with two sided comparisons. Based on this 
assumption, a sample size for each group was calculated to be 18 at an 
alpha error of 0.05 and a beta error of 0.1 (power of 90%). Twenty pa-
tients were enrolled in each group to accommodate for possible dropouts.                                                                                                                                        
 Statistical Methods

The collected data were presented as mean value ± standard deviation and 
analyzed using SPSS 26 statistical program. Comparison of studied groups was 
carried out using t-test and Chi-square test. P values <0.05 were considered 
statistically significant and highly significant if < 0.01.

   Results The mean arterial pressure: 
In ketamine group, MAP was ≤ 65 mmHg in 4 (20%), 3 (15%), 7 (35%, 

of which 2 were with MAP ≤ 55 representing 10% of total) and 0 patients af-
ter 5, 10, 15 and 20 minutes of anaesthesia respectively. Correspondingly, in 
non-ketamine group MAP was ≤ 65 mmHg in 10 (50%, of which 6 were with 
MAP ˂ 55 representing 30% of total), 15 (75%, of which 6 were with MAP ˂ 
55 representing 30% of total), 10 (50%, of which 4 were with MAP ≤ 55 repre-
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senting 20% of total) and 7 (35%, of which 1 was with MAP ˂ 55 representing 
5% of total)  patients after 5, 10, 15 and 20 minutes of anaesthesia respectively.  
These results reflect less incidence of hypotension in ketamine group in which 
MAP showed higher levels than non-ketamine group. The difference between 
2 groups was highly statistically significant after 5, 10 minutes of anaesthesia 
(P=0.001, 0.002 respectively) statistically insignificant 15 and 20 minutes of an-
aesthesia (P=0.067, 0.1   respectively).

Table (1): Number and % of cases with MAP ≤ 65 mmHg:

Group After anes-
(thesia (5 min

After an-
 esthesia (10
(min

After an-
 esthesia (15
(min

 After
 anesthesia
((20 min

 Ketamine
group

 No. of
cases

 4 3  with 2) 7
(MAP ≤ 55

0

% 20% 15% 35% 0
 Non
 ketamine
group

 No. of
cases

 with 6) 10
(MAP ˂ 55

 with 6) 15
(MAP ˂ 55

 with 4) 10
(MAP ≤ 55

 with 1) 7
 MAP ≤
(55

% 50% 75% 50% 35%
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Table (2): Difference between the mean of MAP in ketamine and non-ket-
amine groups:

Ketamine N

M
ean

 Std.
Devia-
tion

 Std.
Dif-
fer-
ent

Con- 95%
 fidence
Interval

t-test

 P.
vaue

Lower Up-
per

  MAP before
anesthesia

 Ketamine
(k) group 20 96.10 7.433

3

93.00 99.25

1.28 0.21Non ket-
 amine (non
k) group

20 93.05 7.584 89.62 96.71

 MAP After
 anesthesia (5
(min

 Ketamine
(k) group 20 78.85 10.639

13

74.19 83.29

3.44 0.001Non ket-
 amine (non
k) group

20 65.35 13.971 59.50 71.66

 MAP After
 anesthesia (10
(min

 Ketamine
(k) group 20 71.65 6.055

11

69.00 74.11

4.46 0.002Non ket-
 amine (non
k) group

20 60.35 9.571 56.22 64.52

 MAP After
 anesthesia (15
(min

 Ketamine
(k) group 20 72.10 11.516

6

67.39 76.92

1.88 0.067Non ket-
 amine (non
k) group

20 65.60 10.210 60.74 69.94

 MAP After
 anesthesia (20
(min

 Ketamine
(k) group 20 75.30 6.705

5

72.71 78.25

1.31 0.1Non ket-
 amine (non
k) group

20 70.25 15.824 64.58 77.10
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A( Ephedrine use:
In ketamine group, the number of cases who received ephedrine was less 

than that who didn’t receive ephedrine. 4 patients (20%) needed ephedrine (in 
a dose of ≤ 10 mg) and 16 patients (80%) did not need ephedrine. Whereas, in 
non-ketamine group, the number of cases who received ephedrine was more 
than that of the cases who did not receive ephedrine. 16 patients (80%) needed 
ephedrine )7 of them representing 43.8%      needed ephedrine in a dose 
of  ≤ 10 mg and 9 representing 56.2%  needed ephedrine in a dose of  >10 mg)  
and  4 patients (20%) did not need ephedrine. The difference between 2 groups 
was highly statistically significant (P= 0.0001) for the number and statistically 
significant (P=0.043) for the dose. The results are shown in tables and Figs.3 & 4.

Table (3): Number of patients who received ephedrine in ketamine and non-ket-
amine groups:

  Ketamine * Ephedrine
Crosstabulation

Ephedrine Total
X2 P. vaue

Yes  No   

 N %  N % N %   

 Ketamine group 4 20% 16 80% 20 100%
14.4 0.0001

 Non ketamine group 16 80% 4 20% 20 100%
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Figure )3(: Number of patients who received ephedrine in ketamine 
and non-ketamine groups:

Table (4): Difference between ketamine and non-ketamine groups in dose of  
ephedrine and number of cases who received such doses:

 
EPHEDRINE DOSE

Total X2 P.value
mg 10 ≤ mg 10>

Use ketamine
 

N 4 0 4

4.091 0.043
% 100.0% 0.00% 100.00%

No use ketamine
 

N 7 9 16

% 43.8% 56.2% 100.00%
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Figure )4(: Dose of ephedrine used in Ketamine and non-ket-
amine groups:

C( Fluid infusion volume: The average total volume of fluid in-
fused in (K group) was lesser than that of (N group). In ketamine group 12 
patients (60%) needed <1500 ml fluid and 8 patients (40%) needed 1500 – 2500 
ml fluid.  In non-ketamine group 3 patients (15%) needed <1500 ml fluid and 
17 patients (85%) needed 1500 – 2500 ml fluid. and as shown in table and Fig. 5 
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 Table (5): Difference between Ketamine and non-ketamine groups in the volume of
:infused fluid and number of cases who received that volume in both groups

Ketamine * Fluid volume Crosstabulation

 
Fluid dose Total

X2 P. value
1500< 2500 - 1500  

Ketamine (k) group
 

N 12 8 20

0.003
% 60.0% 40.0% 100.0%

8.64 Non ketamine (non
 k) group

N 3 17 20

% 15.0% 85.0% 100.0%

Figure )5(: Difference between Ketamine and non-ketamine 
groups in the volume of infused fluid and number of cases 
who received that volume in both groups. 
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Discussion
Spinal anaesthesia is commonly used in many surgeries and was reported 

to be the preferred anaesthetic technique for most cases of caesarean section, 
approximately 80-90% of elective cesarean sections, as it avoids the risks of pul-
monary aspiration, and it allows the mother to be awake and interact immedi-
ately with her baby )Burns and Cowan, 2000 and Reynold et al., 2005(. So, 
in this study, most of female cases (75% in both groups) were caesarean sections, 
while 25% were other different surgeries for males and females.

The most common complication that can limit the widespread use of spinal 
anaesthesia is hypotension that occurs immediately after it )Dalton, 2011(. It 
was reported that hypotension occurs with MAP ˂  65 mmHg, while severe hy-
potension (shock) is considered when MAP decreases below 55 mmHg )Vin-
cent et al., 2018(. Severe hypotension for long period can produce poor tissue 
perfusion to vital organs increasing the incidence of morbidity and mortali-
ty )Dalton 2011(. Hypotension in delivery leads to decrease in uterine blood 
flow affecting the neonatal outcome )Lee et al, 2002(. A lot of techniques have 
been described by many researchers for eliminating spinal anaesthesia induced 
hypotension but an effective method is yet to be described.

Ketamine, unlike other intravenous anaesthetics, has sympathetic nervous 
system stimulation )White and Elig, 2013(. In human studies, ketamine has 
showed the ability to increase maternal blood pressure and uterine blood flow 
thus improving uterine perfusion )Tang etal, 2017(. Ketamine can be admin-
istered through iv, im, intrathecal or epidural routes (Morgan and Mikhail, 
2022). It was reported that ketamine’s lipophilicity allows for rapid diffusion 
into the venous system namely the azygos vein )Sohnen et al., 2021(. 

Previous studies were done on ketamine intrathecally as regard to analgesic 
and anaesthetic effects )Kathirvell et al., 2000(. Also other studies including 
iv ketamine were done regarding the hypertensive effect for prevention of hy-
potension after spinal anaesthesia )Salah and Alansary, 2019(. The current 
study differs in that it searches for the effect of intrathecal ketamine on spinal 
anaesthesia induced hypotension. Also. It searches for its effect on the volume 
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of infused fluid and dose of ephedrine needed to overcome hypotension.
The mechanism of action of intrathecal ketamine is incompletely under-

stood. It was reported that it increases the release and inhibits reuptake of cat-
echolamine in circulation thus helps preserve vascular resistance and arterial 
blood pressure )Hemmingsen and Nielsen, 1991(. Another study hypothe-
sized that spinal ketamine first binds to NMDA receptors then inhibits NMDA, 
monoaminergic and opiate receptors )Kathirvell et al., 2000(. An experimen-
tal study was done by Morimoto et al. )2021( to confirm that an increase in 
blood pressure induced by ketamine is mediated through the central nervous 
system. They detected an increase in blood pressure after ketamine injection 
into the basolateral and central nuclei of the amygdala, endopiriform nucleus 
and piriform cortex. 

A previous experimental study reveals that ketamine with benzethonium 
chloride preservative did not cause neurotoxicity )Brock-utne et al., 1982(. 
So, ketamine with benzethonium chloride preservative was used in this study. 
Different doses of ketamine were used in different studies. Abd El-Rahman     
et  al. )2018( studied the analgesic effect of ketamine in a dose  0.1 mg /kg. 
Dose of ketamine above 0.75 mg /kg can produce neurotoxicity in the form of 
hallucination, nystagmus )Sohnen et al., 2021(. So, the dose recommended in 
this study was 0.5 mg /kg up to maximally 40 mg. 

This study proves that ketamine intrathecally in subanaesthetic dose (0.5 
mg/ kg) with bupivacaine 2-3 ml 0.5% (hyperbaric) can alleviate the hypo-
tensive effect of spinal anaesthesia significantly. Less incidence of mild and se-
vere hypotension was observed in ketamine group compared to non-ketamine 
group. Few cases (20%) of ketamine group, with average MAP ≤ 65 mmHg, 
needed vasopressor (ephedrine) in small doses ≤ 10mg, while most of cases 
(80%) did not need, as the average MAP was > 65 mmHg. Also, the average 
total volume of fluid which was necessary to overcome hypotension was lower 
than that of non-ketamine group. So, the doses of ephedrine and average total 
volume of fluid infusion indicated the effectiveness of ketamine in prevention 
or decrease spinal hypotension. 
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Sessler et al, )2019( mentioned that intraoperative mean arterial pressures 
below 60-70 mm Hg is associated with myocardial injury, acute kidney injury, 
and death.  Wehrwein et al. )2013( reported that a higher MAP > 65 can im-
prove survival and decrease end organ damage. Other studies are needed with 
a much larger group of patients to consider safely issue.
Conclusion

We concluded that ketamine intrathecally in a dose of 25mg is an effec-
tive agent to be used in preventing or decreasing the incidence and severity of 
post-spinal hypotension in patients undergoing surgeries indicating spinal an-
aesthesia. So, fluid infusion becomes less and ephedrine is rarely used to elevate 
blood pressure.
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