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Abstract 
Introduction: The use of inhaled ketamine to manage a variety of painful 
conditions has been endorsed by the American College of Emergency Physi-
cians and the American Academy of Emergency Medicine. Nebulized analge-
sia has multiple benefits, including rapid, effective and titratable analgesic de-
livery. The aim of our study is to assess the efficacy and safety of intranasal 
analgesic-dose ketamine compared to multimodal analgesia in patients pre-
senting with acute postoperative pain or headache after a spinal anaesthetic in 
the intensive care unit of obstetrics and gynaecology. Materials and Methods: 
This was a prospective descriptive study, with hospital Ethics Committee ap-
proval and written informed consent from study participants. We compared 
the effect of nebulized ketamine and multimodal analgesia postoperatively in 
120 patients belonging to the physical status I - II of the American Society of 
Anesthesiologists, in the intensive care unit of obstetrics and gynaecology, at 
the Ibn Rochd University Hospital Center in Casablanca from June 2021 to 
June 2022. Results: We included 120 patients in our study divided into two 
groups of 60 patients: the average age was 35 years, with extremes ranging 
from 18 to 45 years, All patients were hospitalized for postoperative care: all 
women underwent locoregional anaesthesia with a standard dose according 
to the service protocol (10 mg of bupivacaine, 25γ of fentanyl, 100γ of mor-
phine), where pain was the common denominator. Among these patients, 59 
were admitted for management of postpartum haemorrhage, 43 for postoper-
ative monitoring, 15 for post-spinal anaesthesia headache and 3 for pelvipe-
ritonitis. The results of the pain assessment 30 minutes after the ketamine 
nebulization were marked by a request for analgesia in 12 patients, which is 
20% of group A, including 5 patients, whose visual analogue scale (VAS) on 
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admission was between 5 and 7, and 7 patients whose VAS at admission was 
≥8; all these patients received a second dose of ketamine by nebulization; the 
evaluation 30 min after the second dose was marked by a request for analgesia 
in 4 patients, which is 7% of Group A; in all these patients the VAS at admis-
sion was ≥8. Of the total number of patients of Group A, only 4 received 
morphine when they were requested for analgesia after the second dose of 
nebulized ketamine. Conclusion: The primary outcome of nebulized keta-
mine use is a significant reduction in VAS pain score. We believe that nebu-
lized ketamine has a potential effect of reducing pain in the intensive care 
unit of obstetrics and gynaecology; this may be an additional analgesic mod-
ality for clinicians to provide rapid, effective and non-invasive pain relief. 
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1. Introduction 

Ketamine is an N-methyl-uncompetitive antagonist of the D-aspartate/glutamate 
receptor complex, which causes a “wind-up” phenomenon in the spinal cord 
(dorsal ganglion) and the central nervous system. This unique property reduces 
pain by reducing central sensitization and hyperalgesia [1]. 

The use of inhaled ketamine to manage a variety of painful conditions has 
been endorsed by the American College of Emergency Physicians and the Ameri-
can Academy of Emergency Medicine. Nebulized analgesia has multiple benefits, 
including rapid, effective and titratable analgesic delivery [2] [3]. 

Over the past 10 years, the use of ketamine has changed a lot. It has evolved 
from a purely sedative/anaesthetic drug to an anti-hyperalgesia drug. Laboratory 
and clinical investigations have reported the clinical impact of hyperalgesia. This 
can lead to acute and persistent pain, especially after surgery [4] [5]. 

Ketamine as a sub-anaesthetic dose may be an appropriate option for the man-
agement of acute pain in the surgical setting; therefore, the intranasal route may 
be a convenient and effective route for drug administration. In addition to being 
simple and non-invasive, the intranasal route is very suitable for patients suffer-
ing from nausea or vomiting [6]. 

The aim of our study is to assess the efficacy and safety of intranasal analges-
ic-dose ketamine compared to analgesia multimodal in patients presenting with 
acute postoperative pain or headache after a spinal anaesthetic in the intensive 
care unit of obstetrics and gynaecology. 

2. Materials and Methods 

This was a prospective descriptive study. With hospital Ethics Committee ap-
proval and written informed consent from study participants, we compared the 
effects of nebulized ketamine and multimodal analgesia postoperatively in 120 
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patients belonging to physical status I-II of the American Society of Anesthesi-
ologists in the intensive care unit of obstetrics and gynaecology, at the Ibn Rochd 
University Hospital Center in Casablanca from June 2021 to June 2022. 

Inclusion criteria: 
− VAS ≥ 5 
− Age: 18 - 45 years  
− ASA I and II 
− Caesarean section under spinal anaesthesia 

Exclusion criteria: 
− VAS < 5 
− Preeclampsia/eclampsia/HELLP syndrome 
− History of hypersensitivity to ketamine or NSAIDs 
− Caesarean section under general anaesthesia 

The patients were divided into the following two groups: 
Group A patients were nebulized with 1 mg/kg of ketamine plus 3 mL normal 

saline. Group A was divided into two subgroups according to the visual analogue 
scale (VAS): Group A1 (5 < VAS < 8) and Group A2 (VAS ≥ 8). 

Group B patients received multimodal analgesia consisting of paracetamol 1 g 
3 times per day and nefopam 20 mg 3 times per day. Group B was divided into 
two subgroups according to the VAS: Group B1 (5 < VAS < 8) and Group B2 
(VAS ≥ 8). 

The data was collected by a resident doctor in the intensive care unit depart-
ment with evaluation of the efficacy and adverse effects related to ketamine (fa-
tigue, dizziness, headaches, nausea, feeling of unreality, changes in hearing, 
changes in vision, mood swings and hallucinations). The nebulizer solution was 
prepared by the resident doctor. Patients were nebulized using a nebulizer for 15 
min. The choice of patients was randomly selected for nebulized ketamine or 
multimodal analgesia. Standard monitoring was applied (non-invasive blood 
pressure, pulse oximetry and an electrocardiogram). 

3. Results 

We included 120 patients in our study. They were divided into two groups of 60 
patients; the average age was 35 years with extremes ranging from 18 to 45 years, 
All patients were hospitalized for postoperative care; all women underwent lo-
coregional anaesthesia with a standard dose according to the service protocol (10 
mg of bupivacaine, 25γ of fentanyl, 100γ of morphine), where pain was the 
common denominator; among these patients, 59 were admitted for management 
of postpartum haemorrhage, 43 for postoperative monitoring, 15 for post-spinal 
anaesthesia headache and 3 for pelviperitonitis. 

The pain assessment was based on the use of the VAS, which is very practical 
and easy to use for both patients and health professionals. Group A patients re-
ceived the first dose of nebulization after their admission to intensive care. All 
Group B patients received multimodal analgesia at H0 postoperatively. With re-
gard to the patients who were admitted for post-spinal anaesthesia headaches, 
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the indication for hospitalization in intensive care was based on the intensity of 
the pain; VAS greater than 7 and we divided them equally between the two groups 
A and B. 

Protocol for Nebulized Ketamine 
A single dose of ketamine (1 mg/kg) was used for all Group A patients. All the 

patients admitted were eligible to receive up to 2 doses of nebulized ketamine for 
pain control, taking into consideration that the second dose corresponds to the 
initial dosing regimen. The pain assessment took 30 - 60 minutes to judge the 
need for a second dose of ketamine. 

Protocol for Multimodal Analgesia 
All the Group B patients received a multimodal analgesia according to a pre-

scription of 3 g of paracetamol divided into three doses, 20 mg of nefopam in 3 
daily doses; initially, a dose of paracetamol was given, followed by a dose of ne-
fopam. Pain assessment took 30 - 60 minutes. 

The assessment of pain before the administration of ketamine or multimodal 
analgesia was made 10 minutes after mobilization of the lower limbs for patients 
under spinal anaesthesia, and immediately after admission to the intensive care 
unit for post-spinal anaesthesia headache. 

The results of the pain assessment (Table 1) 30 minutes after the ketamine 
nebulization was marked by a request for analgesia in 12 patients, that’s 20% of 
group A, including 5 patients whose VAS on admission was between 5 and 7, 
and 7 patients whose VAS at admission was ≥8; all these patients received a 
second dose of ketamine by nebulization; the evaluation 30 min after the second 
dose was marked by the request for analgesia in 4 patients, which is 7% of Group 
A, who all had a VAS ≥ 8 at the time of admission. Of the total number of pa-
tients in Group A, only 4 patients received morphine when they were requested 
for analgesia after the second dose of nebulized ketamine. 

The pain assessment after multimodal analgesia (Table 2) was marked by a 
request for analgesia in 21 patients, which is 35% of group B, including 8 pa-
tients who had VAS between 5 and 7 at the time of admission, and 13 patients 
who had VAS ≥ 8 at the time of admission; all these patients had recourse to 
opioids to relieve pain. 

 
Table 1. Results of the pain assessment for Group A. 

VAS of Group A VAS < 8 VAS ≥ 8 

Request for analgesia after the first dose 
of ketamine 

5 patients (8%) 7 patients (12%) 

Request for analgesia after the second 
dose of ketamine 

0 patients 0% 4 patients (7%) 

 
Table 2. Results of the pain assessment for Group B. 

VAS of Group B VAS < 8 VAS ≥ 8 

Request for analgesia 8 patients (13%) 13 patients (22%) 
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The request for analgesia was marked in patients with a VAS ≥ 5, however 
analgesia was considered effective after a decrease in VAS < 5. 

In this study we did not find any adverse effects among the patients with mul-
timodal analgesia. The following were the adverse effects during this study after 
nebulized ketamine: drowsiness was marked in 6 patients in Group A, which is 
10%; dizziness, nausea and vomiting were noted in 3 patients, which is 3%; only 
1 patient presented with a bad taste in the mouth.  

4. Discussion 

Postoperative pain is one of the most significant concerns for women after a 
caesarean section, and it can interfere with the mother’s ability to provide desir-
able attention and nutritional care to the new born. The risk of thromboembolic 
disease, which increases during pregnancy, is likely to be further exacerbated by 
immobility because of pain during postpartum [7] [8]. 

Additionally, painful stimulation is a major cause of postpartum depression, 
which necessitates postoperative analgesia. Intranasal ketamine has the potential 
to improve depressive symptoms [9] [10]. 

Ketamine has been used as an anaesthetic agent for over 50 years and is widely 
used in emergency departments for sedation and as an induction agent [11]. 
Several studies have focused on the use of nebulized ketamine and have sug-
gested that nebulized ketamine can be used alone or as an adjuvant analgesic for 
effective and safe pain relief [12] [13]. 

Ketamine can be used by different routes: IV, SC and IM, epidural, intrathec-
al, intra-articular, intranasal, oral and topical for short-term pain relief. In these 
situations, fast-acting routes of administration such as injection or the intranasal 
route can be used, and the doses should be kept as low as possible [14]. Intranas-
al administration has been proposed as a promising route of administration for 
ketamine and other agents. Administration of ketamine by inhalation has been 
successfully tested; it is a needle-free option and has a 45% greater bioavailabili-
ty, superior to most other methods of administration. It produces a rapid induc-
tion of pain relief, whose clinical efficacy is probably explained by the absorption 
of the drug by the nasal mucosa, allowing it to act on the brain without under-
going hepatic first-pass metabolism [15] [16]. In addition, the nostrils and sinus 
cavities have a large surface area, uniform temperature, high permeability and 
extensive vascularization, facilitating systemic absorption. If safe and effective, 
intranasal ketamine could potentially offer clinicians a simple option. Ketamine 
might also modulate central sensitization and hyperalgesia, which could poten-
tially help reduce the overall severity of pain [17] [18]. 

The optimal dosage of intranasal analgesic dose ketamine remains uncertain, 
with three out of four studies using the practical dosage of 1 mg/kg and one 
study using 1.5 mg/kg [19]. Dove et al. [20] performed a prospective, rando-
mized, double-blind clinical trial to compare the analgesic efficacy of three dif-
ferent dosages of inhaled ketamine (0.75 mg/kg, 1 mg/kg, 1.5 mg/kg). They 
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found no difference between the three doses of nebulized ketamine for the treat-
ment of severe pain. 

Previous results of some studies have shown the dose-independent efficacy of 
intranasal ketamine. A lack of increased analgesic effect at a higher dose of ke-
tamine was reported in a clinical study in adult patients’ emergency ward [21]. 
Moreover, dose-independent efficacy could also be because of complete satura-
tion of the receptors at a lower dose. The recommended intranasal drug volume 
for mice is only 10 µL for a total nasal volume of 0.03 mL and an average nasal 
epithelial area of 2.8 cm2. Despite a smaller surface area, intranasal ketamine was 
very effective even at the lowest dose. The low-dose efficacy of intranasal keta-
mine is also attributed to a proportionally larger olfactory region in mice, which 
makes up to 50% of the nasal cavity versus 10% in humans [22] [23] [24]. In this 
study, we involved a therapeutic regimen in our patients taking into considera-
tion the analysis of previous results, and therefore, all patients received the same 
dose of intranasal ketamine, which is 1 mg/kg. 

This study presented a pain score after nasal administration of ketamine for 
patients admitted to the intensive care unit of obstetrics and gynaecology; the 
overall effect of nebulized ketamine on pain relief was significantly marked, with 
a significant reduction in the VAS pain score of group A in 80% of patients after 
the first dose of nebulization. Our study is consistent with other studies carried 
out for the management of acute pain in the emergency department. An obser-
vational study by Yeaman et al. [25] found that 1 mg/kg of nebulized ketamine 
was moderately effective as a single agent in relieving severe pain in adult pa-
tients in an emergency setting. Another observational study by Andolfatto et al. 
[26] reported that nebulization significantly reduced VAS pain scores in 88% of 
emergency department patients. 

In our structure, morphine is commonly used to reduce postoperative pain in 
clinical practice. Morphine consumption reflects the extent of pain in patients. 
In the multimodal analgesia group, the need for morphine was more marked in 
patients who received nebulized ketamine. Bouida et al. [27] demonstrated a 
significantly lower need for opioids in a group receiving nebulized ketamine 
compared to the placebo group. Shimonovich et al. [28] conducted a clinical trial 
to study the efficacy and safety of nebulized ketamine compared to IV and IM 
morphine for the analgesia of acute traumatic pain in the emergency department 
and concluded that nebulized ketamine was as effective as IV morphine for pain 
control. Farnia et al. [29] and Pouraghaei et al. [30] also showed that nebulized 
ketamine was as effective as IV morphine for pain control. Additionally, keta-
mine is being studied as a first-line analgesic treatment for acute pain to minim-
ize opioid consumption [31]. In this study, we also assessed the impact of nebu-
lized ketamine on morphine consumption after caesarean section. Overall, opioid 
consumption was significantly reduced in the nebulized ketamine group com-
pared to the group receiving multimodal analgesia. Altogether, we reported that 
morphine consumption had significantly decreased. 
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The safety of analgesic drugs is as crucial as their effectiveness. Therefore, 
analgesics with fewer adverse effects for pain control are desired. Oliveira et al. 
[32] found no serious adverse events associated with intranasal ketamine. This is 
consistent with our study, in which no serious adverse effects were reported with 
nebulized ketamine. In this study, common non-serious and transient side ef-
fects associated with ketamine IN were dizziness, nausea, vomiting, drowsiness 
and dry mouth. Dizziness and nausea caused by nebulized ketamine are most 
likely because of the blockade of NMDA receptors in the vestibular system [33]. 
Cognitive disorders such as difficulty concentrating or confusion are because of 
the blocking effect of NMDA receptors and the reduction of presynaptic release 
of glutamate in the central nervous system. In addition, the anti-muscarinic ef-
fect of ketamine is a possible cause of dry mouth [34] [35]. 

This study had certain limitations. Firstly, the time and dose of ketamine ad-
ministration differ according to the studies included. None of the studies re-
ported the optimal clinical dose and timing of ketamine administration. Se-
condly, the population studied in the included studies and the baseline characte-
ristics of the patients were different, which could increase the heterogeneity of 
the included studies. Most of the studies of nebulized ketamine were carried out 
in children and in the emergency department, therefore the outcome measures 
were not identical. Thirdly, the sample size was too small to obtain satisfactory 
results. However, this study provides reliable evidence supporting the use of ke-
tamine in the intensive care unit of obstetrics and gynaecology. 

The final results of our study suggest that the use of nebulized ketamine could 
decrease the pain score and reduce the consumption of postoperative intraven-
ous analgesic drugs. 

5. Conclusions 

The primary outcome of nebulized ketamine use includes a significant reduction 
in VAS pain score. We believe that nebulized ketamine has a potential effect of 
reducing pain in the intensive care unit of obstetrics and gynaecology. This may 
be an additional analgesic modality for clinicians to provide rapid, effective and 
non-invasive pain relief. 

The benefit of nebulized ketamine on postoperative hyperalgesia remains to 
be demonstrated, probably by studies on larger populations with objective me-
thods of pain and hyperalgesia assessment. 
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