
Introduction:
Now a days Laparoscopic Surgery is a common 
practice in modern surgical technique. Laparoscopic 
surgery includes postoperative advantages of less 
pain, fewer pulmonary complications, short hospital 
stay, early return to daily activities and low cost1. 
General Anaesthesia (GA) is considered the 
anaesthetic technique of choice for laparoscopic 
procedures including laparoscopic gynaecological 
procedures2. Many anesthesiologists and surgeons 
frequently prefer general anesthesia for the reason 
that it allows control of airways and ventilation and 
promotes muscular relaxation and prevents 
aspiration. Another reason for this popularity is that 
patients who are awake during such procedures do 
not tolerate the adverse effects from the 
pneumoperitoneum well3, 4.  However, some centers 
have been using spinal anesthesia as their first 
preference in laparoscopic surgery for a long time 3. 
The literature shows that spinal anesthesia is usually 
used in laparoscopic abdominal surgery, which 
includes cholecystectomy, diagnostic laparoscopy and 
appendectomy5. Some small series discussed spinal 
anesthesia as the sole anesthetic procedure in 
gynecological laparoscopic surgeries4. Regional 
anaesthesia as a sole technique was initially 
advocated for cases who were considered high-risk 
candidates for general anaesthesia6,7. However, 
nowadays, it is also opted as a routine technique for 
healthy patients8,9 . Studies have demonstrated that 
surgeries like laparoscopic cholecystectomy can safely 
be performed under spinal anaesthesia10. Regional 
anaesthesia in laparoscopic surgery offers some 
advantages like decreased nausea/vomiting and less 
post-operative pain. However, anxiety and other 
problems related to pneumoperitoneum like shoulder 
tip pain causes discomfort to the patients during 
these procedures under spinal anaesthesia. These 
problems can be overcome by providing proper 
sedation and analgesia.

SAB may be a safe and effective technique for short 
duration laparoscopic gynaecological procedures by 
avoiding extreme Trendelenburg position, by 
providing supplementary sedation and analgesia and 
by keeping abdominal pressure 8-10 mmHg. The 
length of surgery and surgeons experience is also an 

important factor for the success of the surgeries11. In 
this study, attempts have been taken to compare 
respiratory changes under SAB with GA for lower 
abdominal laparoscopic gynaecological procedures.

Materials and Methods:
This was a prospective comparative study. Sixty ASA 
grade I and II female patients were randomized into 
two groups by card sampling method with thirty 
patients in each group. Institutional Ethical 
Committee approval and informed written consent 
was obtained from all patients.  All patients 
underwent laparoscopic gynaecological procedures in 
Combined Military Hospital Dhaka from March to 
August 2021. Inclusion Criteria Were (1) Patients 
aged between 15-45 yrs. (2) Patients with ASA grade 
I and II. (3) Patients scheduled for short duration 
(<60 min) laparoscopic gynaecological procedure. 
Exclusion Criteria Were (1) Patient’s refusal (2) 
Patients hypersensitive to local anaesthetics (3) Short 
stature, i.e. height below 148 cm (4 feet 9 inch). (4) 
Overweight patients (Weight >110 kg)  (5) Patients 
with coagulation disorders, on anticoagulants (6) 
Patients with skin sepsis in lumbar region (7) 
Patients with pre-existing neurological disorders or 
spine deformation (8) Cases belonging to ASA grade 
III and above.

Group I patients received   lumber SAB and Group II 
received GA with propofol, halothane and fentanyl.  
After pre-operative fasting for 6 hours, with all 
asceptic precaution, group I patients were 
administered spinal anaesthesia in the sitting 
position using 27G Quincke Babcock spinal needle at 
L2- L3 inter space. A combination of 15mg (3ml) 0.5% 
hyperbaric bupivacaine and 25 microgram (0.5 ml) 
fentanyl was administered in the lumbar 
subarachnoid space. As soon as the sensory block 
reached T5 dermatome (level of sensory block was 
tested by pin prick stimulus) the patients were placed 
in dorsal lithotomy position with 15 degree head down 
tilt when the abdomen was prepared for veress needle 
insertion. Baseline heart rate, blood pressure, 
respiratory rate & SPO2 were noted in all patients. A 
soft sealing transparent face mask with ETCO2 
sensor was then secured over the patient’s face in a 
comfortable and air tight manner in group I patients 
and ETCO2 sensor was fixed in between the 

endotracheal tube and the breathing circuit (Bain) in 
group II patients. Pneumoperitoneum was created by 
insufflating CO2 gas. Intra-abdominal pressure was 

adjusted to have a comfortable working field {mean 10 
(±2) cm H2O}. Group I patients who complained of 
neck pain, shoulder tip pain or both and for anxiety 
and abdominal discomfort inj Midazolam 2 mg and 
Tramadol 100 mg was administered slowly 
intravenously (IV). Patient has felt pain even after 
Midazolam and Tramadol administration, inj 
Ketamine 25 mg was administered slowly. In both 
groups bradycardia below 50/min was managed with 
inj Atropine 0.6 mg. Hypotension at any time during 
or after surgery was managed with inj Ephedrine 5-10 
mg intravenously intermittently upto a maximum 25 
mg. In the post-operative period pain was assessed 
using Visual Analogue Scale (VAS) and treated with 
inj Diclofenac sodium 50 mg intramuscularly. In both 
the groups, a 20-gauze polyurethane catheter was 
established in the left radial artery temporarily for 
periodical sampling of arterial blood. Blood gas 
analysis was done at time 0, 20 and 40 minutes after 
pneumoperitoneum. Pulse oximetry, noninvasive 
blood pressure and ETCO2 were recorded using 
multiparameter monitor every 5 minutes’ interval 
and ECG monitored continuously during the 
procedure. In the post-operative period ECG, pulse 
oximetry, noninvasive blood pressure was recorded at 
10 minutes’ interval. Any intra operative and 
post-operative complications were observed and 
managed accordingly. All results were expressed as 
mean ± standard deviation (SD) or in frequencies 
(percentage) as applicable. All results were compiled 
and analyzed using Student’s ‘t’ test.

Results:

Demographic profile of the patients in both the groups 
were comparable (Table I). Respiratory rate between 
the groups were almost similar (Table II).There was 
no desaturation during per operative and 
post-operative period in both groups (figure 1). In 
group I, End tidal carbon dioxide (ETCO2) increased 
in a stepwise manner over the first 10 min from 31.98 
± 4.11 mmHg to 37.53 ± 6.29 mmHg (p=0.000) and 
reached a plateau between 15th and 30th min and 

declined after deflation of pneumoperitoneum (Figure 
2). Arterial CO2 tension showed a significant increase 
at 20 min from 38.01± 4.74 mmHg to 43.88±3.95 
mmHg (p=0.000) (Table III). There was a significant 
increase in arterial to end tidal carbon dioxide tension 
from 6.03±4.55 mmHg to 6.35±4.01mmHg (p=0.000) 
(Table III). In-group II, almost similar significant 
changes occurred in arterial CO2 tension, end tidal 
CO2 tension and arterial to end tidal CO2 tension 
from baseline to 20 minutes after pneumoperitoneum 
values (Table III). All the observed changes were well 
within physiological limits. No patient had 
desaturation (Figure 1) or respiratory insufficiency.

Table – I: Personal characteristics and duration of surgery 

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups) 

Student’s  ‘t’  test was done to find out the differences 
between the groups

Table- II:  Comparison of respiratory rate  

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups)

Student’s ‘t’ test  was done to find out the differences 
between the groups.

Figure 1: Comparison between per operative and 
post operative SPO2 in two groups

Table III :  Partial pressure of CO2 in arterial blood 
and End tidal CO2 Tension Changes

Values are expressed as mean ± SD. Significant 
P <0.05 (between two groups) 
Student,s ‘t’ test  was done to find out the 
difference between groups.

PaCO2 - arterial carbon dioxide tension
ETCO2 - end tidal carbon dioxide tension
(a-E) CO2 –arterial to end tidal carbon dioxide 
tension difference 

Figure 2: Changes in End Tidal CO2 plotted 
over time  between two groups.

                   

*BD-Before deflation of pneumoperitoneum
AD- After deflation of pneumoperitoneum

Figure 3:    Arterial blood gas analysis shows 
changes in Partial

Pressure of CO2 plotted over time between two 
groups.

Discussions :
Previously spinal anaesthesia was routinely 
deferred for laparoscopic surgery because of 
thought of its suppressive effects on the 
respiratory muscle function under increased 
abdominal pressure. This study was conducted to 
find out respiratory alterations  under spinal 
anaesthesia in comparison to GA. In this study it 
has been  shown that spinal anaesthesia with  
local anesthetics and narcotic combination can 
be safely utilized without respiratory 
suppression. There was no change in the 
respiratory rate with increasing ETCO2 as the 
patient had adequate respiratory reserve. The 
ventilatory response to hypercapnia is well 
preserved under spinal anaesthesia. Ciofolo et 
al12 in their study on laparoscopy under epidural 
anaesthesia demonstrated that the arterial 

carbon dioxide level was kept unchanged by 
increased minute ventilation and respiratory 
rate during CO2 pneumoperitoneum. The 
explanations could be the intrathecal fentanyl 
shifting the CO2 response curve to the left. The 
deafferentation effect of spinal anaesthesia and 
the attending sedation cannot be ruled out from 
our present study design.

In this study the ETCO2 was increasing till 15 
min in a step wise manner and stabilized 
thereafter without any further increase till 
decompression of the pneumo peritoneum. Tan 
et al13  in their study demonstrated that 
absorption of CO2 from the peritoneal surface in 
humans during conventional laparoscopy 
stabilized around 40 ml / min in 15 min and there 
was no demonstrable increase in 30 min. Lister 
et al14 in their animal study demonstrated that, 
under general anaesthesia the CO2 elimination 
increased linearly when the intra peritoneal CO2 
insufflation pressure increased from 0 to 10 
mmHg and it did not increase any further 
despite increasing the CO2  insufflation pressure 
to 25 mmHg. In this study, the arterial carbon 
dioxide increased at 20 min with a significant 
change in arterial to end tidal CO2 difference 
from the pre pneumoperitoneum base line (table 
III). Lundh et al15 showed with multiple inert 
gas elimination technique, the ventilation 
perfusion (V/Q) and FRC to closing capacity ratio 
was unchanged under epidural anaesthesia of 
third thoracic dermatome. Similarly in our study 
population, unremarkable arterial to end tidal 
CO2 difference possibly indicate the V/ Q ratio 
and FRC was maintained by the preserved 
diaphragmatic activity.

In conscious patient with pneumoperitoneum for 
lower abdominal laparoscopic surgery under 
spinal anaesthesia, the preserved inspiratory 
diaphragmatic activity maintains ventilation 
and the gas exchange within physiological limits. 
This prospective, randomized comparative study 
between subarachnoid block and general 
anaesthesia concludes that spinal anaesthesia 
using mixtures of bupivacaine and fentanyl can 
be used as a safe alternative to general 

anaesthesia for short duration laparoscopic 
gynaecological procedures with minimum 
respiratory embarrassment even during 
pneumoperitoneum. But for the experience of 
shoulder tip/ neck pain or discomfort,  patient 
requires supplementary sedation and analgesia. 

Conclusion
Arterial and end-tidal CO2 tension changes 
during lower abdominal laparoscopic surgery 
under SAB remain within physiological limit and 
comparable to the CO2 tensions under GA.  SAB 
may be adopted in ASA physical status I and II 
patients with proper preoperative counselling. 
Hence it can be applied as a safe and alternative 
technique to GA with minimum respiratory 
alterations. 
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Introduction
Postoperative agitation, also referred to as 
emergence delirium (ED) in international 
literature, is a well-documented clinical 
phenomenon, particularly in children. EDhas 
been described as “a mental disturbance during 
the recovery from general anaesthesia consisting 
of hallucinations, delusions and confusion 
manifested by moaning, restlessness, 
involuntary physical activity, and thrashing 
about in bed.”1 It has been considered a common 
postanaesthetic problem in children as well as 
adults.2,3 ED first identified in the 1960’s when 
Eckenhoff et al.studied over 14,000 patients who 
experienced unusual post-operative behavioral 
disturbances which they termed “excitement”.4 
This occurred in 5.3% of the sample patients. 

4ED occurs during the first 30 minutes after 
emergence that the greatest incidence of 
agitation is observed, and duration is generally 
limited and recovery spontaneous.5 However, 
prolonged episodes of agitation lasting for up to 2 
days have been described.6 During an ED 
reaction, children risk injuring their surgical 
repair, themselves, and their caregivers. Their 
behaviour is disruptive to the postanaesthetic 
care unit and often requires constant nursing 
supervision. When an ED reaction occurs, all 
members of the healthcare team as well as the 
parents express dissatisfaction with the quality 
of the child’s recovery.5 These negative effects of 
ED have motivated clinicians to investigate 
possible etiologies prevention and potential 
treatments for ED.

16

Prevalence
This condition has been shown to occur in 5% to 
10% of general surgery patients of allages.7 The 
prevalence of ED in children generally ranges 
from 25 to 80%, depending on the definition of 
ED used to measure this phenomenon, 8 but may 
be as high as 80%.8,9 The incidence of ED largely 
depends on age, anaesthetic technique, surgical 
procedure, and application of adjunct 
medication.10

Presentation
It is characterized by mental confusion, 
irritability, disorientation, inconsolablecrying, 
and thrashing behavior. ED increased recovery 
time in the post anaesthesia recovery room, 
increasing parents concern and anxiety 
withrespect to the clinical condition of their 
children.11 Typically, these children do not 
recognize or identify familiar objects or people. 
Combative behaviour has been more often 
described than simple restlessness and 
incoherence.10 

Mechanism
Neurophysiology
The first sense to return during emergence from 
anaesthesia is hearing, a sense that is made 
possible by the synapse between the acoustic 
thalamus and the lateral nucleus of the 
amygdala.12 During post-anaesthesia recovery, 
this connection is also responsible for auditory 
fear conditioning by exaggerating an 
inappropriate response to auditory stimuli.13 
Disturbance of other important 
neurotransmitters that regulate sleep and 
arousal, specifically serotonin and 
noradrenaline, have also been associated with 
delirium.14 To date, there have been a limited 
amount of studies investigating the 
neurophysiology basis behind ED. A study by 
Yasui et al., investigated that inhalation 
anaesthetics have been known to exert transient 
paradoxical “excitatory” effects in the animals 

and human patients, more predominantly in 
children.15Another study, by Lim et al., 
attempted to explain the neurophysiology behind 
hyperexcitatory behaviors occurring after 
sevoflurane anaesthesia.16 They postulated that 
the excitation may result from the potentiation 
by sevoflurane of GABAergic depolarization/ 
excitation in neocortical neurons, cells 
implicated in the genesis of arousal and 
consciousness.
Further, a study by Murrin showed that 
neurotransmitter levels in pediatric brains were 
analogous to levels in brains that had undergone 
normal age-related changes. Diminished levels 
of ACh, dopamine, norepinephrine and 
aminobutyric acid were neurophysiological 
findings characteristic of both the geriatric and 
pediatric populations.17

Studies have identified cases of elevated serum 
cortisol levels postoperatively. This cortisol 
surge has been correlated with an increased 
incidence of post-operative confusion.18 
Intraoperative reduction in carbon dioxide (CO2) 
levels can decrease cerebral blood flow via 
vasoconstriction. Extended periods of 
hypocapnia causes damage to the caudoputamen 
and may be responsible for some of the 
characteristic symptoms of postoperative 
delirium.19 Perioperative hypoventilation results 
in elevated CO2 levels, promoting an acidotic 
state that alters consciousness. Importantly, 
altered blood oxygen levels may also contribute 
to the symptoms associated with ED.

Risk Factors
Genetics
There aretheories that support the ED is 
predicated, in large part, on the interaction 
between genes and factors imposed by surgery 
and anaesthesia.20 Agnoletti et al., hypothesized 
that certain genetic polymorphismsplayan 
important role in the immune response and 
inflammatorypathways that may predispose a 
patient to ED. 21

Age
Studies have examined the role of brain 
maturation on delirium, with some relating ED 
susceptibility in children to the development of 
the hippocampus and cholinergic function.6,22 
Diminished level of neurotransmitters and 
disturbance to these neurotransmitters has been 
implicated as precipitating factors for ED in 
children and under the age of 5 years are 
vulnerable to altered behavior upon recovery 
from anaesthesia.6

Preoperative Anxiety
Intense preoperative anxiety, both in children 
and their parents, has been associated with an 
increased likelihood of restless recovery from 
anaesthesia.23 Younger children, those with 
impulsive and emotional behavior, those who are 
less sociable and whose parents are more 
anxious, appear to be more prone to developing 
this clinical phenomenon.24,25 When children are 
separated from their parents and sent to the 
operating room alone, this is traumatic and 
increases the risk of agitation.5

Inhalation anaesthetics
The recent surge in ED cases is a reflection of the 
gaining popularity of sevoflurane and 
desflurane.26 It is believed that thelow blood 
solubility characteristic of these newer inhaled 
anaesthetics promote a rapid awakening that 
concurrentlyincreases susceptibility to ED.27 The 
causative relationship between inhalation 
anaesthetics and ED is affected by the 
concurrent use of other medications. Supporting 
the findings by Aono et al., a study by Kuratini 
and Oi, found that children anaesthetized with 
sevoflurane exhibited a greater incidence of ED 
than those anaesthetized with halothane.28

Type of Surgery
Surgical procedures that involve the tonsils, 
thyroid, middle ear, and eye have been reported 
to have higher incidences of postoperative 
agitation and restlessness.10,26 Eckenhoff et al.4 

speculated that a “sense of suffocation” during 
emergence from anaesthesia may contribute to 
ED in patients undergoing head and neck 
surgery.

Rapid Awakening
It has been known that rapid awakening after 
the use of the insoluble anaesthetics may initiate 
ED by worsening a child’s underlying sense of 
apprehension when finding himself in an 
unfamiliar environment.26 Some parents claim 
the patient’s behavior upon emergence was the 
same as when he was suddenly awakened from 
deep sleep.29 Older children and adults usually 
become oriented rapidly, whereas preschool-aged 
children, who are less able to copewith 
environmental stresses, tend to become agitated 
and delirious. 

Pain
Inadequate pain relief has been one of the 
principal confounding factors when analyzing 
trigger factors for emergence agitation. ED 
observed particularly after short surgical 
procedures for which peak effects of analgesics 
may be delayed until the child is completely 
awake.30 In several studies, the preemptive 
analgesic approach successfully reduced ED, 
suggesting that pain may be its major source.31 It 
is recommended that postoperative pain be first 
removed to exclude the cause of ED who exhibit 
signs compatible with emergence agitation.

Diagnosis and Assessment Tools
The diagnostic criteria for diagnosing ED are not 
well described. Several assessment tools have 
been established to guide diagnosis. Many scales 
have been proposed to evaluate the incidence 
and severity of ED and a variety of scales are 
used in clinical practice and for research 
purposes and measure ED in young 
children.32,33Agitation due to pain is a significant 
confounding factor for the evaluation of the 
presence or measurement of the degree of 

ED.34The Cravero scale (Table I) has five steps 
from obtunded and unresponsive to wild 
thrashing behavior requiring restraint.8 A score 
of 4 (from crying and difficult to console to wild 
thrashing) for a 5 or more min duration despite 
active calming efforts is regarded as indicative of 
ED. 
Table I: Cravero Scale

The Paediatric Anaesthesia Emergence Delirium 
(PAED) scale (Table: II) is validated but is 
difficult to use in routine clinical practice.34

Table 2: PAED Scale. Score is sum of all values.

The Watcha scale (Table:III) is a simpler tool to 
use in clinical practice and may have a higher 
overall sensitivity and specificity than  = the 
PAED and Cravero scales.35

Table 3: Watcha Scale. Score is observed value.

 
Preventive Measures
Prophylactic measures include the 
co-administration of propofol, midazolam, or 
fentanyl, but the risks associated with their use 
must be weighed against the self-limiting nature 
of ED. The efficacy of propofol is dependent on 
the timing of administration. Due to the rapid 
pharmacokinetics of propofol, a bolus may be 
given at the end of the procedure or continuous 
infusion used during maintenance of anaesthesia 
results in increased concentrations during 
emergence resulting in a decreased incidence of 
ED.36 Perioperative analgesia has been shown 
to be effective in preventing ED. Several 
analgesics have been studied for the 
preventionof ED including: fentanyl 
intravenously 10 min before the end of a 
procedure, ketamine intravenously given at the 
end of procedure, or as an oral premedication 
and alpha2adrenoreceptor agonists such as 
clonidine caudally and dexmedetomidine 
intravenously.6

Treatment
Non-Pharmacologic Treatment
There are a variety of non-pharmacological 
methods that may be effective in reducing the 
incidence of emergence delirium as well. These 
consist of a quiet induction environment with 

decreased sensory stimuli, music therapy, and 
distraction by way of videos or touch screen 
games. Interestingly, parental presence at 
induction has not been found to be consistently 
effective, although parental presence following 
emergence is helpful.37The recovery area should 
be quiet. Parental presence in the recovery area 
may or may not help.

Benzodiazepine
Despite the increased risk of ED in preoperative 
administration of benzodiazepines, several 
studies have demonstrated lower incidences of 
ED when benzodiazepines are administered in 
the perioperative stage.38 Small intravenous dose 
of midazolam administered just prior to the end 
of surgery reduced ED without delaying the 
emergence time but risk is respiratory 
depression.37

Analgesics: NSAIDs and Opioids
Pain is an important risk factor for ED, mainly in 
the pediatric population.5Adding a single 
injection of intravenous propofol and ketorolac to 
the end of a brief sevoflurane anesthetic for 
bilateral myringotomy with tube insertion was 
associated with a lower incidence of emergence 
agitation one study.39 Fentanyl, given either 
intravenously or intranasally during moderately 
painful surgery, has also been shown to decrease 
emergence agitation in children.40

Clonidine
The sedating effects of the alpha-2 receptor 
agonists clonidine reduced ED.41 Administration 
routes were intravenous or caudal. This 
reduction was seen even with good analgesia 
from caudal. As inhalational agents raise 
noradrenalin levels in the brain, the alpha-2 
receptor agonists may exert their effects 
centrally by reducing noradrenalin levels.41

Dexmedetomidine
The more selectivealpha-2 receptor agonist 
dexmedetomidine hasr elatively more safety 
profile and improved efficacy relative to other 
medications has made a preferred agent of choice 

for treatment of ED.42Studies alsofound that 
perioperative administration of 
dexmedetomidine significantly reduced the 
incidence of ED in children without increasing 
the risk of side effects.43 The main disadvantage 
of dexmedetomidine is that it remains quite 
expensive.

Ketamine
Ketamine has been one of the more extensively 
studied pharmacological agents in the 
management of ED. Debate aboutthe efficacy of 
ketamine in the management of ED is 
largelydriven by earlier studies that linked 
ketamine to an increased risk of ED.4,44 
Presently, emerging studies strongly favour 
treatment with ketamine, particularly in 
combination with dexmedetomidine. Yoon Sook 
Lee et al. found that ketamine was effective in 
the prevention of emergence agitation without 
delay in awakening and both subhypnotic doses 
of ketamine 0.25 and 0.5 mg/kg were 
effective.45Kararmaz et al concluded that oral 
ketamine was effective in reducing incidence of 
emergence agitation.44

Long Term Consequences
Although emergence delirium is transient, it has 
been found to be associated with postoperative 
maladaptive behavioural changes, with children 
who display emergence delirium being seven 
times more likely to develop postoperative 
maladaptive behaviors such as night terrors, bed 
wetting, general anxiety and loss of appetite for 
up to 2 weeks following surgery.24,46However, 
there is no evidence that ED has any impact on 
long-term outcome did not suggest a cause-effect 
relationship between these two phenomena.

Conclusion
ED is a preventable and treatable condition in 
paediatric anaesthesia. It is distressing for 
children, parents, and staff. No single factor in 
isolation could be identified as causing 
postoperative agitation, and the condition should 
be considered to be a syndrome with biological, 
pharmacological, psychological and social 

components. ED should be treated as the child 
can increase risk for injury, pain, hemorrhage, 
self-removal of intravenous cannula and 
catheters. Agitated children often face a more 
complicated and prolonged stay in the PACU, 
consisting of extensive medical regimens and 
additional ancillary staff. A reasonable number 
of diagnostic tools are currently available, each 
of which are not without limitations. A standard 
diagnostic, preventable and treatable guideline 
should be required for adverse outcomes in the 
paediatric populations.
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Abstract
Emergence delirium(ED) in children is a well-documented clinical phenomenon with incidence ranging 
from 25 to 80%. It is characterized by confusion, mental irritability, disorientation, inconsolable crying, 
and thrashing. No single factor can identified as the cause of postoperative agitation, which should 
therefore be considered a syndrome made up of biological, pharmacological, psychological and social 
components. Possible causes and risk factors include child’s personality, inhalation anaesthetics, 
surgery of head and neck, rapid awakening and pain. Many scales have been proposed to evaluate the 
incidence and severity of ED and a variety of scales are used in clinical practice and for research 
purposes in children. Preventive measures include the co-administration of propofol, midazolam, or 
fentanyl, but the risks associated with their use must be weighed against the self-limiting nature of ED. 
Once ED is established, the most common interventions are pharmacological. Treatment options are 
clam environment in recovery and with agents having sedative and analgesic effect,such as propofol, 
fentanyl, ketamine andalpha-2 receptor agonists (clonidine and dexmedetomidine). ED may increase 
the incidence of new-onset postoperative maladaptive behavior changes such as general anxiety, 
night-time crying, bed wetting, general anxiety and loss of appetite for up to 14 days after surgery. A 
standard diagnostic, preventable and treatable guideline should be required for adverse outcomes in the 
paediatric populations.
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Introduction:
Now a days Laparoscopic Surgery is a common 
practice in modern surgical technique. Laparoscopic 
surgery includes postoperative advantages of less 
pain, fewer pulmonary complications, short hospital 
stay, early return to daily activities and low cost1. 
General Anaesthesia (GA) is considered the 
anaesthetic technique of choice for laparoscopic 
procedures including laparoscopic gynaecological 
procedures2. Many anesthesiologists and surgeons 
frequently prefer general anesthesia for the reason 
that it allows control of airways and ventilation and 
promotes muscular relaxation and prevents 
aspiration. Another reason for this popularity is that 
patients who are awake during such procedures do 
not tolerate the adverse effects from the 
pneumoperitoneum well3, 4.  However, some centers 
have been using spinal anesthesia as their first 
preference in laparoscopic surgery for a long time 3. 
The literature shows that spinal anesthesia is usually 
used in laparoscopic abdominal surgery, which 
includes cholecystectomy, diagnostic laparoscopy and 
appendectomy5. Some small series discussed spinal 
anesthesia as the sole anesthetic procedure in 
gynecological laparoscopic surgeries4. Regional 
anaesthesia as a sole technique was initially 
advocated for cases who were considered high-risk 
candidates for general anaesthesia6,7. However, 
nowadays, it is also opted as a routine technique for 
healthy patients8,9 . Studies have demonstrated that 
surgeries like laparoscopic cholecystectomy can safely 
be performed under spinal anaesthesia10. Regional 
anaesthesia in laparoscopic surgery offers some 
advantages like decreased nausea/vomiting and less 
post-operative pain. However, anxiety and other 
problems related to pneumoperitoneum like shoulder 
tip pain causes discomfort to the patients during 
these procedures under spinal anaesthesia. These 
problems can be overcome by providing proper 
sedation and analgesia.

SAB may be a safe and effective technique for short 
duration laparoscopic gynaecological procedures by 
avoiding extreme Trendelenburg position, by 
providing supplementary sedation and analgesia and 
by keeping abdominal pressure 8-10 mmHg. The 
length of surgery and surgeons experience is also an 

important factor for the success of the surgeries11. In 
this study, attempts have been taken to compare 
respiratory changes under SAB with GA for lower 
abdominal laparoscopic gynaecological procedures.

Materials and Methods:
This was a prospective comparative study. Sixty ASA 
grade I and II female patients were randomized into 
two groups by card sampling method with thirty 
patients in each group. Institutional Ethical 
Committee approval and informed written consent 
was obtained from all patients.  All patients 
underwent laparoscopic gynaecological procedures in 
Combined Military Hospital Dhaka from March to 
August 2021. Inclusion Criteria Were (1) Patients 
aged between 15-45 yrs. (2) Patients with ASA grade 
I and II. (3) Patients scheduled for short duration 
(<60 min) laparoscopic gynaecological procedure. 
Exclusion Criteria Were (1) Patient’s refusal (2) 
Patients hypersensitive to local anaesthetics (3) Short 
stature, i.e. height below 148 cm (4 feet 9 inch). (4) 
Overweight patients (Weight >110 kg)  (5) Patients 
with coagulation disorders, on anticoagulants (6) 
Patients with skin sepsis in lumbar region (7) 
Patients with pre-existing neurological disorders or 
spine deformation (8) Cases belonging to ASA grade 
III and above.

Group I patients received   lumber SAB and Group II 
received GA with propofol, halothane and fentanyl.  
After pre-operative fasting for 6 hours, with all 
asceptic precaution, group I patients were 
administered spinal anaesthesia in the sitting 
position using 27G Quincke Babcock spinal needle at 
L2- L3 inter space. A combination of 15mg (3ml) 0.5% 
hyperbaric bupivacaine and 25 microgram (0.5 ml) 
fentanyl was administered in the lumbar 
subarachnoid space. As soon as the sensory block 
reached T5 dermatome (level of sensory block was 
tested by pin prick stimulus) the patients were placed 
in dorsal lithotomy position with 15 degree head down 
tilt when the abdomen was prepared for veress needle 
insertion. Baseline heart rate, blood pressure, 
respiratory rate & SPO2 were noted in all patients. A 
soft sealing transparent face mask with ETCO2 
sensor was then secured over the patient’s face in a 
comfortable and air tight manner in group I patients 
and ETCO2 sensor was fixed in between the 

endotracheal tube and the breathing circuit (Bain) in 
group II patients. Pneumoperitoneum was created by 
insufflating CO2 gas. Intra-abdominal pressure was 

adjusted to have a comfortable working field {mean 10 
(±2) cm H2O}. Group I patients who complained of 
neck pain, shoulder tip pain or both and for anxiety 
and abdominal discomfort inj Midazolam 2 mg and 
Tramadol 100 mg was administered slowly 
intravenously (IV). Patient has felt pain even after 
Midazolam and Tramadol administration, inj 
Ketamine 25 mg was administered slowly. In both 
groups bradycardia below 50/min was managed with 
inj Atropine 0.6 mg. Hypotension at any time during 
or after surgery was managed with inj Ephedrine 5-10 
mg intravenously intermittently upto a maximum 25 
mg. In the post-operative period pain was assessed 
using Visual Analogue Scale (VAS) and treated with 
inj Diclofenac sodium 50 mg intramuscularly. In both 
the groups, a 20-gauze polyurethane catheter was 
established in the left radial artery temporarily for 
periodical sampling of arterial blood. Blood gas 
analysis was done at time 0, 20 and 40 minutes after 
pneumoperitoneum. Pulse oximetry, noninvasive 
blood pressure and ETCO2 were recorded using 
multiparameter monitor every 5 minutes’ interval 
and ECG monitored continuously during the 
procedure. In the post-operative period ECG, pulse 
oximetry, noninvasive blood pressure was recorded at 
10 minutes’ interval. Any intra operative and 
post-operative complications were observed and 
managed accordingly. All results were expressed as 
mean ± standard deviation (SD) or in frequencies 
(percentage) as applicable. All results were compiled 
and analyzed using Student’s ‘t’ test.

Results:

Demographic profile of the patients in both the groups 
were comparable (Table I). Respiratory rate between 
the groups were almost similar (Table II).There was 
no desaturation during per operative and 
post-operative period in both groups (figure 1). In 
group I, End tidal carbon dioxide (ETCO2) increased 
in a stepwise manner over the first 10 min from 31.98 
± 4.11 mmHg to 37.53 ± 6.29 mmHg (p=0.000) and 
reached a plateau between 15th and 30th min and 

declined after deflation of pneumoperitoneum (Figure 
2). Arterial CO2 tension showed a significant increase 
at 20 min from 38.01± 4.74 mmHg to 43.88±3.95 
mmHg (p=0.000) (Table III). There was a significant 
increase in arterial to end tidal carbon dioxide tension 
from 6.03±4.55 mmHg to 6.35±4.01mmHg (p=0.000) 
(Table III). In-group II, almost similar significant 
changes occurred in arterial CO2 tension, end tidal 
CO2 tension and arterial to end tidal CO2 tension 
from baseline to 20 minutes after pneumoperitoneum 
values (Table III). All the observed changes were well 
within physiological limits. No patient had 
desaturation (Figure 1) or respiratory insufficiency.

Table – I: Personal characteristics and duration of surgery 

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups) 

Student’s  ‘t’  test was done to find out the differences 
between the groups

Table- II:  Comparison of respiratory rate  

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups)

Student’s ‘t’ test  was done to find out the differences 
between the groups.

Figure 1: Comparison between per operative and 
post operative SPO2 in two groups

Table III :  Partial pressure of CO2 in arterial blood 
and End tidal CO2 Tension Changes

Values are expressed as mean ± SD. Significant 
P <0.05 (between two groups) 
Student,s ‘t’ test  was done to find out the 
difference between groups.

PaCO2 - arterial carbon dioxide tension
ETCO2 - end tidal carbon dioxide tension
(a-E) CO2 –arterial to end tidal carbon dioxide 
tension difference 

Figure 2: Changes in End Tidal CO2 plotted 
over time  between two groups.

                   

*BD-Before deflation of pneumoperitoneum
AD- After deflation of pneumoperitoneum

Figure 3:    Arterial blood gas analysis shows 
changes in Partial

Pressure of CO2 plotted over time between two 
groups.

Discussions :
Previously spinal anaesthesia was routinely 
deferred for laparoscopic surgery because of 
thought of its suppressive effects on the 
respiratory muscle function under increased 
abdominal pressure. This study was conducted to 
find out respiratory alterations  under spinal 
anaesthesia in comparison to GA. In this study it 
has been  shown that spinal anaesthesia with  
local anesthetics and narcotic combination can 
be safely utilized without respiratory 
suppression. There was no change in the 
respiratory rate with increasing ETCO2 as the 
patient had adequate respiratory reserve. The 
ventilatory response to hypercapnia is well 
preserved under spinal anaesthesia. Ciofolo et 
al12 in their study on laparoscopy under epidural 
anaesthesia demonstrated that the arterial 

carbon dioxide level was kept unchanged by 
increased minute ventilation and respiratory 
rate during CO2 pneumoperitoneum. The 
explanations could be the intrathecal fentanyl 
shifting the CO2 response curve to the left. The 
deafferentation effect of spinal anaesthesia and 
the attending sedation cannot be ruled out from 
our present study design.

In this study the ETCO2 was increasing till 15 
min in a step wise manner and stabilized 
thereafter without any further increase till 
decompression of the pneumo peritoneum. Tan 
et al13  in their study demonstrated that 
absorption of CO2 from the peritoneal surface in 
humans during conventional laparoscopy 
stabilized around 40 ml / min in 15 min and there 
was no demonstrable increase in 30 min. Lister 
et al14 in their animal study demonstrated that, 
under general anaesthesia the CO2 elimination 
increased linearly when the intra peritoneal CO2 
insufflation pressure increased from 0 to 10 
mmHg and it did not increase any further 
despite increasing the CO2  insufflation pressure 
to 25 mmHg. In this study, the arterial carbon 
dioxide increased at 20 min with a significant 
change in arterial to end tidal CO2 difference 
from the pre pneumoperitoneum base line (table 
III). Lundh et al15 showed with multiple inert 
gas elimination technique, the ventilation 
perfusion (V/Q) and FRC to closing capacity ratio 
was unchanged under epidural anaesthesia of 
third thoracic dermatome. Similarly in our study 
population, unremarkable arterial to end tidal 
CO2 difference possibly indicate the V/ Q ratio 
and FRC was maintained by the preserved 
diaphragmatic activity.

In conscious patient with pneumoperitoneum for 
lower abdominal laparoscopic surgery under 
spinal anaesthesia, the preserved inspiratory 
diaphragmatic activity maintains ventilation 
and the gas exchange within physiological limits. 
This prospective, randomized comparative study 
between subarachnoid block and general 
anaesthesia concludes that spinal anaesthesia 
using mixtures of bupivacaine and fentanyl can 
be used as a safe alternative to general 

anaesthesia for short duration laparoscopic 
gynaecological procedures with minimum 
respiratory embarrassment even during 
pneumoperitoneum. But for the experience of 
shoulder tip/ neck pain or discomfort,  patient 
requires supplementary sedation and analgesia. 

Conclusion
Arterial and end-tidal CO2 tension changes 
during lower abdominal laparoscopic surgery 
under SAB remain within physiological limit and 
comparable to the CO2 tensions under GA.  SAB 
may be adopted in ASA physical status I and II 
patients with proper preoperative counselling. 
Hence it can be applied as a safe and alternative 
technique to GA with minimum respiratory 
alterations. 
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Introduction
Postoperative agitation, also referred to as 
emergence delirium (ED) in international 
literature, is a well-documented clinical 
phenomenon, particularly in children. EDhas 
been described as “a mental disturbance during 
the recovery from general anaesthesia consisting 
of hallucinations, delusions and confusion 
manifested by moaning, restlessness, 
involuntary physical activity, and thrashing 
about in bed.”1 It has been considered a common 
postanaesthetic problem in children as well as 
adults.2,3 ED first identified in the 1960’s when 
Eckenhoff et al.studied over 14,000 patients who 
experienced unusual post-operative behavioral 
disturbances which they termed “excitement”.4 
This occurred in 5.3% of the sample patients. 

4ED occurs during the first 30 minutes after 
emergence that the greatest incidence of 
agitation is observed, and duration is generally 
limited and recovery spontaneous.5 However, 
prolonged episodes of agitation lasting for up to 2 
days have been described.6 During an ED 
reaction, children risk injuring their surgical 
repair, themselves, and their caregivers. Their 
behaviour is disruptive to the postanaesthetic 
care unit and often requires constant nursing 
supervision. When an ED reaction occurs, all 
members of the healthcare team as well as the 
parents express dissatisfaction with the quality 
of the child’s recovery.5 These negative effects of 
ED have motivated clinicians to investigate 
possible etiologies prevention and potential 
treatments for ED.

Prevalence
This condition has been shown to occur in 5% to 
10% of general surgery patients of allages.7 The 
prevalence of ED in children generally ranges 
from 25 to 80%, depending on the definition of 
ED used to measure this phenomenon, 8 but may 
be as high as 80%.8,9 The incidence of ED largely 
depends on age, anaesthetic technique, surgical 
procedure, and application of adjunct 
medication.10

Presentation
It is characterized by mental confusion, 
irritability, disorientation, inconsolablecrying, 
and thrashing behavior. ED increased recovery 
time in the post anaesthesia recovery room, 
increasing parents concern and anxiety 
withrespect to the clinical condition of their 
children.11 Typically, these children do not 
recognize or identify familiar objects or people. 
Combative behaviour has been more often 
described than simple restlessness and 
incoherence.10 

Mechanism
Neurophysiology
The first sense to return during emergence from 
anaesthesia is hearing, a sense that is made 
possible by the synapse between the acoustic 
thalamus and the lateral nucleus of the 
amygdala.12 During post-anaesthesia recovery, 
this connection is also responsible for auditory 
fear conditioning by exaggerating an 
inappropriate response to auditory stimuli.13 
Disturbance of other important 
neurotransmitters that regulate sleep and 
arousal, specifically serotonin and 
noradrenaline, have also been associated with 
delirium.14 To date, there have been a limited 
amount of studies investigating the 
neurophysiology basis behind ED. A study by 
Yasui et al., investigated that inhalation 
anaesthetics have been known to exert transient 
paradoxical “excitatory” effects in the animals 

and human patients, more predominantly in 
children.15Another study, by Lim et al., 
attempted to explain the neurophysiology behind 
hyperexcitatory behaviors occurring after 
sevoflurane anaesthesia.16 They postulated that 
the excitation may result from the potentiation 
by sevoflurane of GABAergic depolarization/ 
excitation in neocortical neurons, cells 
implicated in the genesis of arousal and 
consciousness.
Further, a study by Murrin showed that 
neurotransmitter levels in pediatric brains were 
analogous to levels in brains that had undergone 
normal age-related changes. Diminished levels 
of ACh, dopamine, norepinephrine and 
aminobutyric acid were neurophysiological 
findings characteristic of both the geriatric and 
pediatric populations.17

Studies have identified cases of elevated serum 
cortisol levels postoperatively. This cortisol 
surge has been correlated with an increased 
incidence of post-operative confusion.18 
Intraoperative reduction in carbon dioxide (CO2) 
levels can decrease cerebral blood flow via 
vasoconstriction. Extended periods of 
hypocapnia causes damage to the caudoputamen 
and may be responsible for some of the 
characteristic symptoms of postoperative 
delirium.19 Perioperative hypoventilation results 
in elevated CO2 levels, promoting an acidotic 
state that alters consciousness. Importantly, 
altered blood oxygen levels may also contribute 
to the symptoms associated with ED.

Risk Factors
Genetics
There aretheories that support the ED is 
predicated, in large part, on the interaction 
between genes and factors imposed by surgery 
and anaesthesia.20 Agnoletti et al., hypothesized 
that certain genetic polymorphismsplayan 
important role in the immune response and 
inflammatorypathways that may predispose a 
patient to ED. 21
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Age
Studies have examined the role of brain 
maturation on delirium, with some relating ED 
susceptibility in children to the development of 
the hippocampus and cholinergic function.6,22 
Diminished level of neurotransmitters and 
disturbance to these neurotransmitters has been 
implicated as precipitating factors for ED in 
children and under the age of 5 years are 
vulnerable to altered behavior upon recovery 
from anaesthesia.6

Preoperative Anxiety
Intense preoperative anxiety, both in children 
and their parents, has been associated with an 
increased likelihood of restless recovery from 
anaesthesia.23 Younger children, those with 
impulsive and emotional behavior, those who are 
less sociable and whose parents are more 
anxious, appear to be more prone to developing 
this clinical phenomenon.24,25 When children are 
separated from their parents and sent to the 
operating room alone, this is traumatic and 
increases the risk of agitation.5

Inhalation anaesthetics
The recent surge in ED cases is a reflection of the 
gaining popularity of sevoflurane and 
desflurane.26 It is believed that thelow blood 
solubility characteristic of these newer inhaled 
anaesthetics promote a rapid awakening that 
concurrentlyincreases susceptibility to ED.27 The 
causative relationship between inhalation 
anaesthetics and ED is affected by the 
concurrent use of other medications. Supporting 
the findings by Aono et al., a study by Kuratini 
and Oi, found that children anaesthetized with 
sevoflurane exhibited a greater incidence of ED 
than those anaesthetized with halothane.28

Type of Surgery
Surgical procedures that involve the tonsils, 
thyroid, middle ear, and eye have been reported 
to have higher incidences of postoperative 
agitation and restlessness.10,26 Eckenhoff et al.4 

speculated that a “sense of suffocation” during 
emergence from anaesthesia may contribute to 
ED in patients undergoing head and neck 
surgery.

Rapid Awakening
It has been known that rapid awakening after 
the use of the insoluble anaesthetics may initiate 
ED by worsening a child’s underlying sense of 
apprehension when finding himself in an 
unfamiliar environment.26 Some parents claim 
the patient’s behavior upon emergence was the 
same as when he was suddenly awakened from 
deep sleep.29 Older children and adults usually 
become oriented rapidly, whereas preschool-aged 
children, who are less able to copewith 
environmental stresses, tend to become agitated 
and delirious. 

Pain
Inadequate pain relief has been one of the 
principal confounding factors when analyzing 
trigger factors for emergence agitation. ED 
observed particularly after short surgical 
procedures for which peak effects of analgesics 
may be delayed until the child is completely 
awake.30 In several studies, the preemptive 
analgesic approach successfully reduced ED, 
suggesting that pain may be its major source.31 It 
is recommended that postoperative pain be first 
removed to exclude the cause of ED who exhibit 
signs compatible with emergence agitation.

Diagnosis and Assessment Tools
The diagnostic criteria for diagnosing ED are not 
well described. Several assessment tools have 
been established to guide diagnosis. Many scales 
have been proposed to evaluate the incidence 
and severity of ED and a variety of scales are 
used in clinical practice and for research 
purposes and measure ED in young 
children.32,33Agitation due to pain is a significant 
confounding factor for the evaluation of the 
presence or measurement of the degree of 

ED.34The Cravero scale (Table I) has five steps 
from obtunded and unresponsive to wild 
thrashing behavior requiring restraint.8 A score 
of 4 (from crying and difficult to console to wild 
thrashing) for a 5 or more min duration despite 
active calming efforts is regarded as indicative of 
ED. 
Table I: Cravero Scale

The Paediatric Anaesthesia Emergence Delirium 
(PAED) scale (Table: II) is validated but is 
difficult to use in routine clinical practice.34

Table 2: PAED Scale. Score is sum of all values.

The Watcha scale (Table:III) is a simpler tool to 
use in clinical practice and may have a higher 
overall sensitivity and specificity than  = the 
PAED and Cravero scales.35

Table 3: Watcha Scale. Score is observed value.

 
Preventive Measures
Prophylactic measures include the 
co-administration of propofol, midazolam, or 
fentanyl, but the risks associated with their use 
must be weighed against the self-limiting nature 
of ED. The efficacy of propofol is dependent on 
the timing of administration. Due to the rapid 
pharmacokinetics of propofol, a bolus may be 
given at the end of the procedure or continuous 
infusion used during maintenance of anaesthesia 
results in increased concentrations during 
emergence resulting in a decreased incidence of 
ED.36 Perioperative analgesia has been shown 
to be effective in preventing ED. Several 
analgesics have been studied for the 
preventionof ED including: fentanyl 
intravenously 10 min before the end of a 
procedure, ketamine intravenously given at the 
end of procedure, or as an oral premedication 
and alpha2adrenoreceptor agonists such as 
clonidine caudally and dexmedetomidine 
intravenously.6

Treatment
Non-Pharmacologic Treatment
There are a variety of non-pharmacological 
methods that may be effective in reducing the 
incidence of emergence delirium as well. These 
consist of a quiet induction environment with 

decreased sensory stimuli, music therapy, and 
distraction by way of videos or touch screen 
games. Interestingly, parental presence at 
induction has not been found to be consistently 
effective, although parental presence following 
emergence is helpful.37The recovery area should 
be quiet. Parental presence in the recovery area 
may or may not help.

Benzodiazepine
Despite the increased risk of ED in preoperative 
administration of benzodiazepines, several 
studies have demonstrated lower incidences of 
ED when benzodiazepines are administered in 
the perioperative stage.38 Small intravenous dose 
of midazolam administered just prior to the end 
of surgery reduced ED without delaying the 
emergence time but risk is respiratory 
depression.37

Analgesics: NSAIDs and Opioids
Pain is an important risk factor for ED, mainly in 
the pediatric population.5Adding a single 
injection of intravenous propofol and ketorolac to 
the end of a brief sevoflurane anesthetic for 
bilateral myringotomy with tube insertion was 
associated with a lower incidence of emergence 
agitation one study.39 Fentanyl, given either 
intravenously or intranasally during moderately 
painful surgery, has also been shown to decrease 
emergence agitation in children.40

Clonidine
The sedating effects of the alpha-2 receptor 
agonists clonidine reduced ED.41 Administration 
routes were intravenous or caudal. This 
reduction was seen even with good analgesia 
from caudal. As inhalational agents raise 
noradrenalin levels in the brain, the alpha-2 
receptor agonists may exert their effects 
centrally by reducing noradrenalin levels.41

Dexmedetomidine
The more selectivealpha-2 receptor agonist 
dexmedetomidine hasr elatively more safety 
profile and improved efficacy relative to other 
medications has made a preferred agent of choice 

for treatment of ED.42Studies alsofound that 
perioperative administration of 
dexmedetomidine significantly reduced the 
incidence of ED in children without increasing 
the risk of side effects.43 The main disadvantage 
of dexmedetomidine is that it remains quite 
expensive.

Ketamine
Ketamine has been one of the more extensively 
studied pharmacological agents in the 
management of ED. Debate aboutthe efficacy of 
ketamine in the management of ED is 
largelydriven by earlier studies that linked 
ketamine to an increased risk of ED.4,44 
Presently, emerging studies strongly favour 
treatment with ketamine, particularly in 
combination with dexmedetomidine. Yoon Sook 
Lee et al. found that ketamine was effective in 
the prevention of emergence agitation without 
delay in awakening and both subhypnotic doses 
of ketamine 0.25 and 0.5 mg/kg were 
effective.45Kararmaz et al concluded that oral 
ketamine was effective in reducing incidence of 
emergence agitation.44

Long Term Consequences
Although emergence delirium is transient, it has 
been found to be associated with postoperative 
maladaptive behavioural changes, with children 
who display emergence delirium being seven 
times more likely to develop postoperative 
maladaptive behaviors such as night terrors, bed 
wetting, general anxiety and loss of appetite for 
up to 2 weeks following surgery.24,46However, 
there is no evidence that ED has any impact on 
long-term outcome did not suggest a cause-effect 
relationship between these two phenomena.

Conclusion
ED is a preventable and treatable condition in 
paediatric anaesthesia. It is distressing for 
children, parents, and staff. No single factor in 
isolation could be identified as causing 
postoperative agitation, and the condition should 
be considered to be a syndrome with biological, 
pharmacological, psychological and social 

components. ED should be treated as the child 
can increase risk for injury, pain, hemorrhage, 
self-removal of intravenous cannula and 
catheters. Agitated children often face a more 
complicated and prolonged stay in the PACU, 
consisting of extensive medical regimens and 
additional ancillary staff. A reasonable number 
of diagnostic tools are currently available, each 
of which are not without limitations. A standard 
diagnostic, preventable and treatable guideline 
should be required for adverse outcomes in the 
paediatric populations.
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Introduction:
Now a days Laparoscopic Surgery is a common 
practice in modern surgical technique. Laparoscopic 
surgery includes postoperative advantages of less 
pain, fewer pulmonary complications, short hospital 
stay, early return to daily activities and low cost1. 
General Anaesthesia (GA) is considered the 
anaesthetic technique of choice for laparoscopic 
procedures including laparoscopic gynaecological 
procedures2. Many anesthesiologists and surgeons 
frequently prefer general anesthesia for the reason 
that it allows control of airways and ventilation and 
promotes muscular relaxation and prevents 
aspiration. Another reason for this popularity is that 
patients who are awake during such procedures do 
not tolerate the adverse effects from the 
pneumoperitoneum well3, 4.  However, some centers 
have been using spinal anesthesia as their first 
preference in laparoscopic surgery for a long time 3. 
The literature shows that spinal anesthesia is usually 
used in laparoscopic abdominal surgery, which 
includes cholecystectomy, diagnostic laparoscopy and 
appendectomy5. Some small series discussed spinal 
anesthesia as the sole anesthetic procedure in 
gynecological laparoscopic surgeries4. Regional 
anaesthesia as a sole technique was initially 
advocated for cases who were considered high-risk 
candidates for general anaesthesia6,7. However, 
nowadays, it is also opted as a routine technique for 
healthy patients8,9 . Studies have demonstrated that 
surgeries like laparoscopic cholecystectomy can safely 
be performed under spinal anaesthesia10. Regional 
anaesthesia in laparoscopic surgery offers some 
advantages like decreased nausea/vomiting and less 
post-operative pain. However, anxiety and other 
problems related to pneumoperitoneum like shoulder 
tip pain causes discomfort to the patients during 
these procedures under spinal anaesthesia. These 
problems can be overcome by providing proper 
sedation and analgesia.

SAB may be a safe and effective technique for short 
duration laparoscopic gynaecological procedures by 
avoiding extreme Trendelenburg position, by 
providing supplementary sedation and analgesia and 
by keeping abdominal pressure 8-10 mmHg. The 
length of surgery and surgeons experience is also an 

important factor for the success of the surgeries11. In 
this study, attempts have been taken to compare 
respiratory changes under SAB with GA for lower 
abdominal laparoscopic gynaecological procedures.

Materials and Methods:
This was a prospective comparative study. Sixty ASA 
grade I and II female patients were randomized into 
two groups by card sampling method with thirty 
patients in each group. Institutional Ethical 
Committee approval and informed written consent 
was obtained from all patients.  All patients 
underwent laparoscopic gynaecological procedures in 
Combined Military Hospital Dhaka from March to 
August 2021. Inclusion Criteria Were (1) Patients 
aged between 15-45 yrs. (2) Patients with ASA grade 
I and II. (3) Patients scheduled for short duration 
(<60 min) laparoscopic gynaecological procedure. 
Exclusion Criteria Were (1) Patient’s refusal (2) 
Patients hypersensitive to local anaesthetics (3) Short 
stature, i.e. height below 148 cm (4 feet 9 inch). (4) 
Overweight patients (Weight >110 kg)  (5) Patients 
with coagulation disorders, on anticoagulants (6) 
Patients with skin sepsis in lumbar region (7) 
Patients with pre-existing neurological disorders or 
spine deformation (8) Cases belonging to ASA grade 
III and above.

Group I patients received   lumber SAB and Group II 
received GA with propofol, halothane and fentanyl.  
After pre-operative fasting for 6 hours, with all 
asceptic precaution, group I patients were 
administered spinal anaesthesia in the sitting 
position using 27G Quincke Babcock spinal needle at 
L2- L3 inter space. A combination of 15mg (3ml) 0.5% 
hyperbaric bupivacaine and 25 microgram (0.5 ml) 
fentanyl was administered in the lumbar 
subarachnoid space. As soon as the sensory block 
reached T5 dermatome (level of sensory block was 
tested by pin prick stimulus) the patients were placed 
in dorsal lithotomy position with 15 degree head down 
tilt when the abdomen was prepared for veress needle 
insertion. Baseline heart rate, blood pressure, 
respiratory rate & SPO2 were noted in all patients. A 
soft sealing transparent face mask with ETCO2 
sensor was then secured over the patient’s face in a 
comfortable and air tight manner in group I patients 
and ETCO2 sensor was fixed in between the 

endotracheal tube and the breathing circuit (Bain) in 
group II patients. Pneumoperitoneum was created by 
insufflating CO2 gas. Intra-abdominal pressure was 

adjusted to have a comfortable working field {mean 10 
(±2) cm H2O}. Group I patients who complained of 
neck pain, shoulder tip pain or both and for anxiety 
and abdominal discomfort inj Midazolam 2 mg and 
Tramadol 100 mg was administered slowly 
intravenously (IV). Patient has felt pain even after 
Midazolam and Tramadol administration, inj 
Ketamine 25 mg was administered slowly. In both 
groups bradycardia below 50/min was managed with 
inj Atropine 0.6 mg. Hypotension at any time during 
or after surgery was managed with inj Ephedrine 5-10 
mg intravenously intermittently upto a maximum 25 
mg. In the post-operative period pain was assessed 
using Visual Analogue Scale (VAS) and treated with 
inj Diclofenac sodium 50 mg intramuscularly. In both 
the groups, a 20-gauze polyurethane catheter was 
established in the left radial artery temporarily for 
periodical sampling of arterial blood. Blood gas 
analysis was done at time 0, 20 and 40 minutes after 
pneumoperitoneum. Pulse oximetry, noninvasive 
blood pressure and ETCO2 were recorded using 
multiparameter monitor every 5 minutes’ interval 
and ECG monitored continuously during the 
procedure. In the post-operative period ECG, pulse 
oximetry, noninvasive blood pressure was recorded at 
10 minutes’ interval. Any intra operative and 
post-operative complications were observed and 
managed accordingly. All results were expressed as 
mean ± standard deviation (SD) or in frequencies 
(percentage) as applicable. All results were compiled 
and analyzed using Student’s ‘t’ test.

Results:

Demographic profile of the patients in both the groups 
were comparable (Table I). Respiratory rate between 
the groups were almost similar (Table II).There was 
no desaturation during per operative and 
post-operative period in both groups (figure 1). In 
group I, End tidal carbon dioxide (ETCO2) increased 
in a stepwise manner over the first 10 min from 31.98 
± 4.11 mmHg to 37.53 ± 6.29 mmHg (p=0.000) and 
reached a plateau between 15th and 30th min and 

declined after deflation of pneumoperitoneum (Figure 
2). Arterial CO2 tension showed a significant increase 
at 20 min from 38.01± 4.74 mmHg to 43.88±3.95 
mmHg (p=0.000) (Table III). There was a significant 
increase in arterial to end tidal carbon dioxide tension 
from 6.03±4.55 mmHg to 6.35±4.01mmHg (p=0.000) 
(Table III). In-group II, almost similar significant 
changes occurred in arterial CO2 tension, end tidal 
CO2 tension and arterial to end tidal CO2 tension 
from baseline to 20 minutes after pneumoperitoneum 
values (Table III). All the observed changes were well 
within physiological limits. No patient had 
desaturation (Figure 1) or respiratory insufficiency.

Table – I: Personal characteristics and duration of surgery 

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups) 

Student’s  ‘t’  test was done to find out the differences 
between the groups

Table- II:  Comparison of respiratory rate  

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups)

Student’s ‘t’ test  was done to find out the differences 
between the groups.

Figure 1: Comparison between per operative and 
post operative SPO2 in two groups

Table III :  Partial pressure of CO2 in arterial blood 
and End tidal CO2 Tension Changes

Values are expressed as mean ± SD. Significant 
P <0.05 (between two groups) 
Student,s ‘t’ test  was done to find out the 
difference between groups.

PaCO2 - arterial carbon dioxide tension
ETCO2 - end tidal carbon dioxide tension
(a-E) CO2 –arterial to end tidal carbon dioxide 
tension difference 

Figure 2: Changes in End Tidal CO2 plotted 
over time  between two groups.

                   

*BD-Before deflation of pneumoperitoneum
AD- After deflation of pneumoperitoneum

Figure 3:    Arterial blood gas analysis shows 
changes in Partial

Pressure of CO2 plotted over time between two 
groups.

Discussions :
Previously spinal anaesthesia was routinely 
deferred for laparoscopic surgery because of 
thought of its suppressive effects on the 
respiratory muscle function under increased 
abdominal pressure. This study was conducted to 
find out respiratory alterations  under spinal 
anaesthesia in comparison to GA. In this study it 
has been  shown that spinal anaesthesia with  
local anesthetics and narcotic combination can 
be safely utilized without respiratory 
suppression. There was no change in the 
respiratory rate with increasing ETCO2 as the 
patient had adequate respiratory reserve. The 
ventilatory response to hypercapnia is well 
preserved under spinal anaesthesia. Ciofolo et 
al12 in their study on laparoscopy under epidural 
anaesthesia demonstrated that the arterial 

carbon dioxide level was kept unchanged by 
increased minute ventilation and respiratory 
rate during CO2 pneumoperitoneum. The 
explanations could be the intrathecal fentanyl 
shifting the CO2 response curve to the left. The 
deafferentation effect of spinal anaesthesia and 
the attending sedation cannot be ruled out from 
our present study design.

In this study the ETCO2 was increasing till 15 
min in a step wise manner and stabilized 
thereafter without any further increase till 
decompression of the pneumo peritoneum. Tan 
et al13  in their study demonstrated that 
absorption of CO2 from the peritoneal surface in 
humans during conventional laparoscopy 
stabilized around 40 ml / min in 15 min and there 
was no demonstrable increase in 30 min. Lister 
et al14 in their animal study demonstrated that, 
under general anaesthesia the CO2 elimination 
increased linearly when the intra peritoneal CO2 
insufflation pressure increased from 0 to 10 
mmHg and it did not increase any further 
despite increasing the CO2  insufflation pressure 
to 25 mmHg. In this study, the arterial carbon 
dioxide increased at 20 min with a significant 
change in arterial to end tidal CO2 difference 
from the pre pneumoperitoneum base line (table 
III). Lundh et al15 showed with multiple inert 
gas elimination technique, the ventilation 
perfusion (V/Q) and FRC to closing capacity ratio 
was unchanged under epidural anaesthesia of 
third thoracic dermatome. Similarly in our study 
population, unremarkable arterial to end tidal 
CO2 difference possibly indicate the V/ Q ratio 
and FRC was maintained by the preserved 
diaphragmatic activity.

In conscious patient with pneumoperitoneum for 
lower abdominal laparoscopic surgery under 
spinal anaesthesia, the preserved inspiratory 
diaphragmatic activity maintains ventilation 
and the gas exchange within physiological limits. 
This prospective, randomized comparative study 
between subarachnoid block and general 
anaesthesia concludes that spinal anaesthesia 
using mixtures of bupivacaine and fentanyl can 
be used as a safe alternative to general 

anaesthesia for short duration laparoscopic 
gynaecological procedures with minimum 
respiratory embarrassment even during 
pneumoperitoneum. But for the experience of 
shoulder tip/ neck pain or discomfort,  patient 
requires supplementary sedation and analgesia. 

Conclusion
Arterial and end-tidal CO2 tension changes 
during lower abdominal laparoscopic surgery 
under SAB remain within physiological limit and 
comparable to the CO2 tensions under GA.  SAB 
may be adopted in ASA physical status I and II 
patients with proper preoperative counselling. 
Hence it can be applied as a safe and alternative 
technique to GA with minimum respiratory 
alterations. 
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Introduction
Postoperative agitation, also referred to as 
emergence delirium (ED) in international 
literature, is a well-documented clinical 
phenomenon, particularly in children. EDhas 
been described as “a mental disturbance during 
the recovery from general anaesthesia consisting 
of hallucinations, delusions and confusion 
manifested by moaning, restlessness, 
involuntary physical activity, and thrashing 
about in bed.”1 It has been considered a common 
postanaesthetic problem in children as well as 
adults.2,3 ED first identified in the 1960’s when 
Eckenhoff et al.studied over 14,000 patients who 
experienced unusual post-operative behavioral 
disturbances which they termed “excitement”.4 
This occurred in 5.3% of the sample patients. 

4ED occurs during the first 30 minutes after 
emergence that the greatest incidence of 
agitation is observed, and duration is generally 
limited and recovery spontaneous.5 However, 
prolonged episodes of agitation lasting for up to 2 
days have been described.6 During an ED 
reaction, children risk injuring their surgical 
repair, themselves, and their caregivers. Their 
behaviour is disruptive to the postanaesthetic 
care unit and often requires constant nursing 
supervision. When an ED reaction occurs, all 
members of the healthcare team as well as the 
parents express dissatisfaction with the quality 
of the child’s recovery.5 These negative effects of 
ED have motivated clinicians to investigate 
possible etiologies prevention and potential 
treatments for ED.

Prevalence
This condition has been shown to occur in 5% to 
10% of general surgery patients of allages.7 The 
prevalence of ED in children generally ranges 
from 25 to 80%, depending on the definition of 
ED used to measure this phenomenon, 8 but may 
be as high as 80%.8,9 The incidence of ED largely 
depends on age, anaesthetic technique, surgical 
procedure, and application of adjunct 
medication.10

Presentation
It is characterized by mental confusion, 
irritability, disorientation, inconsolablecrying, 
and thrashing behavior. ED increased recovery 
time in the post anaesthesia recovery room, 
increasing parents concern and anxiety 
withrespect to the clinical condition of their 
children.11 Typically, these children do not 
recognize or identify familiar objects or people. 
Combative behaviour has been more often 
described than simple restlessness and 
incoherence.10 

Mechanism
Neurophysiology
The first sense to return during emergence from 
anaesthesia is hearing, a sense that is made 
possible by the synapse between the acoustic 
thalamus and the lateral nucleus of the 
amygdala.12 During post-anaesthesia recovery, 
this connection is also responsible for auditory 
fear conditioning by exaggerating an 
inappropriate response to auditory stimuli.13 
Disturbance of other important 
neurotransmitters that regulate sleep and 
arousal, specifically serotonin and 
noradrenaline, have also been associated with 
delirium.14 To date, there have been a limited 
amount of studies investigating the 
neurophysiology basis behind ED. A study by 
Yasui et al., investigated that inhalation 
anaesthetics have been known to exert transient 
paradoxical “excitatory” effects in the animals 

and human patients, more predominantly in 
children.15Another study, by Lim et al., 
attempted to explain the neurophysiology behind 
hyperexcitatory behaviors occurring after 
sevoflurane anaesthesia.16 They postulated that 
the excitation may result from the potentiation 
by sevoflurane of GABAergic depolarization/ 
excitation in neocortical neurons, cells 
implicated in the genesis of arousal and 
consciousness.
Further, a study by Murrin showed that 
neurotransmitter levels in pediatric brains were 
analogous to levels in brains that had undergone 
normal age-related changes. Diminished levels 
of ACh, dopamine, norepinephrine and 
aminobutyric acid were neurophysiological 
findings characteristic of both the geriatric and 
pediatric populations.17

Studies have identified cases of elevated serum 
cortisol levels postoperatively. This cortisol 
surge has been correlated with an increased 
incidence of post-operative confusion.18 
Intraoperative reduction in carbon dioxide (CO2) 
levels can decrease cerebral blood flow via 
vasoconstriction. Extended periods of 
hypocapnia causes damage to the caudoputamen 
and may be responsible for some of the 
characteristic symptoms of postoperative 
delirium.19 Perioperative hypoventilation results 
in elevated CO2 levels, promoting an acidotic 
state that alters consciousness. Importantly, 
altered blood oxygen levels may also contribute 
to the symptoms associated with ED.

Risk Factors
Genetics
There aretheories that support the ED is 
predicated, in large part, on the interaction 
between genes and factors imposed by surgery 
and anaesthesia.20 Agnoletti et al., hypothesized 
that certain genetic polymorphismsplayan 
important role in the immune response and 
inflammatorypathways that may predispose a 
patient to ED. 21

Age
Studies have examined the role of brain 
maturation on delirium, with some relating ED 
susceptibility in children to the development of 
the hippocampus and cholinergic function.6,22 
Diminished level of neurotransmitters and 
disturbance to these neurotransmitters has been 
implicated as precipitating factors for ED in 
children and under the age of 5 years are 
vulnerable to altered behavior upon recovery 
from anaesthesia.6

Preoperative Anxiety
Intense preoperative anxiety, both in children 
and their parents, has been associated with an 
increased likelihood of restless recovery from 
anaesthesia.23 Younger children, those with 
impulsive and emotional behavior, those who are 
less sociable and whose parents are more 
anxious, appear to be more prone to developing 
this clinical phenomenon.24,25 When children are 
separated from their parents and sent to the 
operating room alone, this is traumatic and 
increases the risk of agitation.5

Inhalation anaesthetics
The recent surge in ED cases is a reflection of the 
gaining popularity of sevoflurane and 
desflurane.26 It is believed that thelow blood 
solubility characteristic of these newer inhaled 
anaesthetics promote a rapid awakening that 
concurrentlyincreases susceptibility to ED.27 The 
causative relationship between inhalation 
anaesthetics and ED is affected by the 
concurrent use of other medications. Supporting 
the findings by Aono et al., a study by Kuratini 
and Oi, found that children anaesthetized with 
sevoflurane exhibited a greater incidence of ED 
than those anaesthetized with halothane.28

Type of Surgery
Surgical procedures that involve the tonsils, 
thyroid, middle ear, and eye have been reported 
to have higher incidences of postoperative 
agitation and restlessness.10,26 Eckenhoff et al.4 

speculated that a “sense of suffocation” during 
emergence from anaesthesia may contribute to 
ED in patients undergoing head and neck 
surgery.

Rapid Awakening
It has been known that rapid awakening after 
the use of the insoluble anaesthetics may initiate 
ED by worsening a child’s underlying sense of 
apprehension when finding himself in an 
unfamiliar environment.26 Some parents claim 
the patient’s behavior upon emergence was the 
same as when he was suddenly awakened from 
deep sleep.29 Older children and adults usually 
become oriented rapidly, whereas preschool-aged 
children, who are less able to copewith 
environmental stresses, tend to become agitated 
and delirious. 

Pain
Inadequate pain relief has been one of the 
principal confounding factors when analyzing 
trigger factors for emergence agitation. ED 
observed particularly after short surgical 
procedures for which peak effects of analgesics 
may be delayed until the child is completely 
awake.30 In several studies, the preemptive 
analgesic approach successfully reduced ED, 
suggesting that pain may be its major source.31 It 
is recommended that postoperative pain be first 
removed to exclude the cause of ED who exhibit 
signs compatible with emergence agitation.

Diagnosis and Assessment Tools
The diagnostic criteria for diagnosing ED are not 
well described. Several assessment tools have 
been established to guide diagnosis. Many scales 
have been proposed to evaluate the incidence 
and severity of ED and a variety of scales are 
used in clinical practice and for research 
purposes and measure ED in young 
children.32,33Agitation due to pain is a significant 
confounding factor for the evaluation of the 
presence or measurement of the degree of 
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ED.34The Cravero scale (Table I) has five steps 
from obtunded and unresponsive to wild 
thrashing behavior requiring restraint.8 A score 
of 4 (from crying and difficult to console to wild 
thrashing) for a 5 or more min duration despite 
active calming efforts is regarded as indicative of 
ED. 
Table I: Cravero Scale

The Paediatric Anaesthesia Emergence Delirium 
(PAED) scale (Table: II) is validated but is 
difficult to use in routine clinical practice.34

Table 2: PAED Scale. Score is sum of all values.

The Watcha scale (Table:III) is a simpler tool to 
use in clinical practice and may have a higher 
overall sensitivity and specificity than  = the 
PAED and Cravero scales.35

Table 3: Watcha Scale. Score is observed value.

 
Preventive Measures
Prophylactic measures include the 
co-administration of propofol, midazolam, or 
fentanyl, but the risks associated with their use 
must be weighed against the self-limiting nature 
of ED. The efficacy of propofol is dependent on 
the timing of administration. Due to the rapid 
pharmacokinetics of propofol, a bolus may be 
given at the end of the procedure or continuous 
infusion used during maintenance of anaesthesia 
results in increased concentrations during 
emergence resulting in a decreased incidence of 
ED.36 Perioperative analgesia has been shown 
to be effective in preventing ED. Several 
analgesics have been studied for the 
preventionof ED including: fentanyl 
intravenously 10 min before the end of a 
procedure, ketamine intravenously given at the 
end of procedure, or as an oral premedication 
and alpha2adrenoreceptor agonists such as 
clonidine caudally and dexmedetomidine 
intravenously.6

Treatment
Non-Pharmacologic Treatment
There are a variety of non-pharmacological 
methods that may be effective in reducing the 
incidence of emergence delirium as well. These 
consist of a quiet induction environment with 

decreased sensory stimuli, music therapy, and 
distraction by way of videos or touch screen 
games. Interestingly, parental presence at 
induction has not been found to be consistently 
effective, although parental presence following 
emergence is helpful.37The recovery area should 
be quiet. Parental presence in the recovery area 
may or may not help.

Benzodiazepine
Despite the increased risk of ED in preoperative 
administration of benzodiazepines, several 
studies have demonstrated lower incidences of 
ED when benzodiazepines are administered in 
the perioperative stage.38 Small intravenous dose 
of midazolam administered just prior to the end 
of surgery reduced ED without delaying the 
emergence time but risk is respiratory 
depression.37

Analgesics: NSAIDs and Opioids
Pain is an important risk factor for ED, mainly in 
the pediatric population.5Adding a single 
injection of intravenous propofol and ketorolac to 
the end of a brief sevoflurane anesthetic for 
bilateral myringotomy with tube insertion was 
associated with a lower incidence of emergence 
agitation one study.39 Fentanyl, given either 
intravenously or intranasally during moderately 
painful surgery, has also been shown to decrease 
emergence agitation in children.40

Clonidine
The sedating effects of the alpha-2 receptor 
agonists clonidine reduced ED.41 Administration 
routes were intravenous or caudal. This 
reduction was seen even with good analgesia 
from caudal. As inhalational agents raise 
noradrenalin levels in the brain, the alpha-2 
receptor agonists may exert their effects 
centrally by reducing noradrenalin levels.41

Dexmedetomidine
The more selectivealpha-2 receptor agonist 
dexmedetomidine hasr elatively more safety 
profile and improved efficacy relative to other 
medications has made a preferred agent of choice 

for treatment of ED.42Studies alsofound that 
perioperative administration of 
dexmedetomidine significantly reduced the 
incidence of ED in children without increasing 
the risk of side effects.43 The main disadvantage 
of dexmedetomidine is that it remains quite 
expensive.

Ketamine
Ketamine has been one of the more extensively 
studied pharmacological agents in the 
management of ED. Debate aboutthe efficacy of 
ketamine in the management of ED is 
largelydriven by earlier studies that linked 
ketamine to an increased risk of ED.4,44 
Presently, emerging studies strongly favour 
treatment with ketamine, particularly in 
combination with dexmedetomidine. Yoon Sook 
Lee et al. found that ketamine was effective in 
the prevention of emergence agitation without 
delay in awakening and both subhypnotic doses 
of ketamine 0.25 and 0.5 mg/kg were 
effective.45Kararmaz et al concluded that oral 
ketamine was effective in reducing incidence of 
emergence agitation.44

Long Term Consequences
Although emergence delirium is transient, it has 
been found to be associated with postoperative 
maladaptive behavioural changes, with children 
who display emergence delirium being seven 
times more likely to develop postoperative 
maladaptive behaviors such as night terrors, bed 
wetting, general anxiety and loss of appetite for 
up to 2 weeks following surgery.24,46However, 
there is no evidence that ED has any impact on 
long-term outcome did not suggest a cause-effect 
relationship between these two phenomena.

Conclusion
ED is a preventable and treatable condition in 
paediatric anaesthesia. It is distressing for 
children, parents, and staff. No single factor in 
isolation could be identified as causing 
postoperative agitation, and the condition should 
be considered to be a syndrome with biological, 
pharmacological, psychological and social 

components. ED should be treated as the child 
can increase risk for injury, pain, hemorrhage, 
self-removal of intravenous cannula and 
catheters. Agitated children often face a more 
complicated and prolonged stay in the PACU, 
consisting of extensive medical regimens and 
additional ancillary staff. A reasonable number 
of diagnostic tools are currently available, each 
of which are not without limitations. A standard 
diagnostic, preventable and treatable guideline 
should be required for adverse outcomes in the 
paediatric populations.
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Introduction:
Now a days Laparoscopic Surgery is a common 
practice in modern surgical technique. Laparoscopic 
surgery includes postoperative advantages of less 
pain, fewer pulmonary complications, short hospital 
stay, early return to daily activities and low cost1. 
General Anaesthesia (GA) is considered the 
anaesthetic technique of choice for laparoscopic 
procedures including laparoscopic gynaecological 
procedures2. Many anesthesiologists and surgeons 
frequently prefer general anesthesia for the reason 
that it allows control of airways and ventilation and 
promotes muscular relaxation and prevents 
aspiration. Another reason for this popularity is that 
patients who are awake during such procedures do 
not tolerate the adverse effects from the 
pneumoperitoneum well3, 4.  However, some centers 
have been using spinal anesthesia as their first 
preference in laparoscopic surgery for a long time 3. 
The literature shows that spinal anesthesia is usually 
used in laparoscopic abdominal surgery, which 
includes cholecystectomy, diagnostic laparoscopy and 
appendectomy5. Some small series discussed spinal 
anesthesia as the sole anesthetic procedure in 
gynecological laparoscopic surgeries4. Regional 
anaesthesia as a sole technique was initially 
advocated for cases who were considered high-risk 
candidates for general anaesthesia6,7. However, 
nowadays, it is also opted as a routine technique for 
healthy patients8,9 . Studies have demonstrated that 
surgeries like laparoscopic cholecystectomy can safely 
be performed under spinal anaesthesia10. Regional 
anaesthesia in laparoscopic surgery offers some 
advantages like decreased nausea/vomiting and less 
post-operative pain. However, anxiety and other 
problems related to pneumoperitoneum like shoulder 
tip pain causes discomfort to the patients during 
these procedures under spinal anaesthesia. These 
problems can be overcome by providing proper 
sedation and analgesia.

SAB may be a safe and effective technique for short 
duration laparoscopic gynaecological procedures by 
avoiding extreme Trendelenburg position, by 
providing supplementary sedation and analgesia and 
by keeping abdominal pressure 8-10 mmHg. The 
length of surgery and surgeons experience is also an 

important factor for the success of the surgeries11. In 
this study, attempts have been taken to compare 
respiratory changes under SAB with GA for lower 
abdominal laparoscopic gynaecological procedures.

Materials and Methods:
This was a prospective comparative study. Sixty ASA 
grade I and II female patients were randomized into 
two groups by card sampling method with thirty 
patients in each group. Institutional Ethical 
Committee approval and informed written consent 
was obtained from all patients.  All patients 
underwent laparoscopic gynaecological procedures in 
Combined Military Hospital Dhaka from March to 
August 2021. Inclusion Criteria Were (1) Patients 
aged between 15-45 yrs. (2) Patients with ASA grade 
I and II. (3) Patients scheduled for short duration 
(<60 min) laparoscopic gynaecological procedure. 
Exclusion Criteria Were (1) Patient’s refusal (2) 
Patients hypersensitive to local anaesthetics (3) Short 
stature, i.e. height below 148 cm (4 feet 9 inch). (4) 
Overweight patients (Weight >110 kg)  (5) Patients 
with coagulation disorders, on anticoagulants (6) 
Patients with skin sepsis in lumbar region (7) 
Patients with pre-existing neurological disorders or 
spine deformation (8) Cases belonging to ASA grade 
III and above.

Group I patients received   lumber SAB and Group II 
received GA with propofol, halothane and fentanyl.  
After pre-operative fasting for 6 hours, with all 
asceptic precaution, group I patients were 
administered spinal anaesthesia in the sitting 
position using 27G Quincke Babcock spinal needle at 
L2- L3 inter space. A combination of 15mg (3ml) 0.5% 
hyperbaric bupivacaine and 25 microgram (0.5 ml) 
fentanyl was administered in the lumbar 
subarachnoid space. As soon as the sensory block 
reached T5 dermatome (level of sensory block was 
tested by pin prick stimulus) the patients were placed 
in dorsal lithotomy position with 15 degree head down 
tilt when the abdomen was prepared for veress needle 
insertion. Baseline heart rate, blood pressure, 
respiratory rate & SPO2 were noted in all patients. A 
soft sealing transparent face mask with ETCO2 
sensor was then secured over the patient’s face in a 
comfortable and air tight manner in group I patients 
and ETCO2 sensor was fixed in between the 

endotracheal tube and the breathing circuit (Bain) in 
group II patients. Pneumoperitoneum was created by 
insufflating CO2 gas. Intra-abdominal pressure was 

adjusted to have a comfortable working field {mean 10 
(±2) cm H2O}. Group I patients who complained of 
neck pain, shoulder tip pain or both and for anxiety 
and abdominal discomfort inj Midazolam 2 mg and 
Tramadol 100 mg was administered slowly 
intravenously (IV). Patient has felt pain even after 
Midazolam and Tramadol administration, inj 
Ketamine 25 mg was administered slowly. In both 
groups bradycardia below 50/min was managed with 
inj Atropine 0.6 mg. Hypotension at any time during 
or after surgery was managed with inj Ephedrine 5-10 
mg intravenously intermittently upto a maximum 25 
mg. In the post-operative period pain was assessed 
using Visual Analogue Scale (VAS) and treated with 
inj Diclofenac sodium 50 mg intramuscularly. In both 
the groups, a 20-gauze polyurethane catheter was 
established in the left radial artery temporarily for 
periodical sampling of arterial blood. Blood gas 
analysis was done at time 0, 20 and 40 minutes after 
pneumoperitoneum. Pulse oximetry, noninvasive 
blood pressure and ETCO2 were recorded using 
multiparameter monitor every 5 minutes’ interval 
and ECG monitored continuously during the 
procedure. In the post-operative period ECG, pulse 
oximetry, noninvasive blood pressure was recorded at 
10 minutes’ interval. Any intra operative and 
post-operative complications were observed and 
managed accordingly. All results were expressed as 
mean ± standard deviation (SD) or in frequencies 
(percentage) as applicable. All results were compiled 
and analyzed using Student’s ‘t’ test.

Results:

Demographic profile of the patients in both the groups 
were comparable (Table I). Respiratory rate between 
the groups were almost similar (Table II).There was 
no desaturation during per operative and 
post-operative period in both groups (figure 1). In 
group I, End tidal carbon dioxide (ETCO2) increased 
in a stepwise manner over the first 10 min from 31.98 
± 4.11 mmHg to 37.53 ± 6.29 mmHg (p=0.000) and 
reached a plateau between 15th and 30th min and 

declined after deflation of pneumoperitoneum (Figure 
2). Arterial CO2 tension showed a significant increase 
at 20 min from 38.01± 4.74 mmHg to 43.88±3.95 
mmHg (p=0.000) (Table III). There was a significant 
increase in arterial to end tidal carbon dioxide tension 
from 6.03±4.55 mmHg to 6.35±4.01mmHg (p=0.000) 
(Table III). In-group II, almost similar significant 
changes occurred in arterial CO2 tension, end tidal 
CO2 tension and arterial to end tidal CO2 tension 
from baseline to 20 minutes after pneumoperitoneum 
values (Table III). All the observed changes were well 
within physiological limits. No patient had 
desaturation (Figure 1) or respiratory insufficiency.

Table – I: Personal characteristics and duration of surgery 

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups) 

Student’s  ‘t’  test was done to find out the differences 
between the groups

Table- II:  Comparison of respiratory rate  

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups)

Student’s ‘t’ test  was done to find out the differences 
between the groups.

Figure 1: Comparison between per operative and 
post operative SPO2 in two groups

Table III :  Partial pressure of CO2 in arterial blood 
and End tidal CO2 Tension Changes

Values are expressed as mean ± SD. Significant 
P <0.05 (between two groups) 
Student,s ‘t’ test  was done to find out the 
difference between groups.

PaCO2 - arterial carbon dioxide tension
ETCO2 - end tidal carbon dioxide tension
(a-E) CO2 –arterial to end tidal carbon dioxide 
tension difference 

Figure 2: Changes in End Tidal CO2 plotted 
over time  between two groups.

                   

*BD-Before deflation of pneumoperitoneum
AD- After deflation of pneumoperitoneum

Figure 3:    Arterial blood gas analysis shows 
changes in Partial

Pressure of CO2 plotted over time between two 
groups.

Discussions :
Previously spinal anaesthesia was routinely 
deferred for laparoscopic surgery because of 
thought of its suppressive effects on the 
respiratory muscle function under increased 
abdominal pressure. This study was conducted to 
find out respiratory alterations  under spinal 
anaesthesia in comparison to GA. In this study it 
has been  shown that spinal anaesthesia with  
local anesthetics and narcotic combination can 
be safely utilized without respiratory 
suppression. There was no change in the 
respiratory rate with increasing ETCO2 as the 
patient had adequate respiratory reserve. The 
ventilatory response to hypercapnia is well 
preserved under spinal anaesthesia. Ciofolo et 
al12 in their study on laparoscopy under epidural 
anaesthesia demonstrated that the arterial 

carbon dioxide level was kept unchanged by 
increased minute ventilation and respiratory 
rate during CO2 pneumoperitoneum. The 
explanations could be the intrathecal fentanyl 
shifting the CO2 response curve to the left. The 
deafferentation effect of spinal anaesthesia and 
the attending sedation cannot be ruled out from 
our present study design.

In this study the ETCO2 was increasing till 15 
min in a step wise manner and stabilized 
thereafter without any further increase till 
decompression of the pneumo peritoneum. Tan 
et al13  in their study demonstrated that 
absorption of CO2 from the peritoneal surface in 
humans during conventional laparoscopy 
stabilized around 40 ml / min in 15 min and there 
was no demonstrable increase in 30 min. Lister 
et al14 in their animal study demonstrated that, 
under general anaesthesia the CO2 elimination 
increased linearly when the intra peritoneal CO2 
insufflation pressure increased from 0 to 10 
mmHg and it did not increase any further 
despite increasing the CO2  insufflation pressure 
to 25 mmHg. In this study, the arterial carbon 
dioxide increased at 20 min with a significant 
change in arterial to end tidal CO2 difference 
from the pre pneumoperitoneum base line (table 
III). Lundh et al15 showed with multiple inert 
gas elimination technique, the ventilation 
perfusion (V/Q) and FRC to closing capacity ratio 
was unchanged under epidural anaesthesia of 
third thoracic dermatome. Similarly in our study 
population, unremarkable arterial to end tidal 
CO2 difference possibly indicate the V/ Q ratio 
and FRC was maintained by the preserved 
diaphragmatic activity.

In conscious patient with pneumoperitoneum for 
lower abdominal laparoscopic surgery under 
spinal anaesthesia, the preserved inspiratory 
diaphragmatic activity maintains ventilation 
and the gas exchange within physiological limits. 
This prospective, randomized comparative study 
between subarachnoid block and general 
anaesthesia concludes that spinal anaesthesia 
using mixtures of bupivacaine and fentanyl can 
be used as a safe alternative to general 

anaesthesia for short duration laparoscopic 
gynaecological procedures with minimum 
respiratory embarrassment even during 
pneumoperitoneum. But for the experience of 
shoulder tip/ neck pain or discomfort,  patient 
requires supplementary sedation and analgesia. 

Conclusion
Arterial and end-tidal CO2 tension changes 
during lower abdominal laparoscopic surgery 
under SAB remain within physiological limit and 
comparable to the CO2 tensions under GA.  SAB 
may be adopted in ASA physical status I and II 
patients with proper preoperative counselling. 
Hence it can be applied as a safe and alternative 
technique to GA with minimum respiratory 
alterations. 
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Introduction
Postoperative agitation, also referred to as 
emergence delirium (ED) in international 
literature, is a well-documented clinical 
phenomenon, particularly in children. EDhas 
been described as “a mental disturbance during 
the recovery from general anaesthesia consisting 
of hallucinations, delusions and confusion 
manifested by moaning, restlessness, 
involuntary physical activity, and thrashing 
about in bed.”1 It has been considered a common 
postanaesthetic problem in children as well as 
adults.2,3 ED first identified in the 1960’s when 
Eckenhoff et al.studied over 14,000 patients who 
experienced unusual post-operative behavioral 
disturbances which they termed “excitement”.4 
This occurred in 5.3% of the sample patients. 

4ED occurs during the first 30 minutes after 
emergence that the greatest incidence of 
agitation is observed, and duration is generally 
limited and recovery spontaneous.5 However, 
prolonged episodes of agitation lasting for up to 2 
days have been described.6 During an ED 
reaction, children risk injuring their surgical 
repair, themselves, and their caregivers. Their 
behaviour is disruptive to the postanaesthetic 
care unit and often requires constant nursing 
supervision. When an ED reaction occurs, all 
members of the healthcare team as well as the 
parents express dissatisfaction with the quality 
of the child’s recovery.5 These negative effects of 
ED have motivated clinicians to investigate 
possible etiologies prevention and potential 
treatments for ED.

Prevalence
This condition has been shown to occur in 5% to 
10% of general surgery patients of allages.7 The 
prevalence of ED in children generally ranges 
from 25 to 80%, depending on the definition of 
ED used to measure this phenomenon, 8 but may 
be as high as 80%.8,9 The incidence of ED largely 
depends on age, anaesthetic technique, surgical 
procedure, and application of adjunct 
medication.10

Presentation
It is characterized by mental confusion, 
irritability, disorientation, inconsolablecrying, 
and thrashing behavior. ED increased recovery 
time in the post anaesthesia recovery room, 
increasing parents concern and anxiety 
withrespect to the clinical condition of their 
children.11 Typically, these children do not 
recognize or identify familiar objects or people. 
Combative behaviour has been more often 
described than simple restlessness and 
incoherence.10 

Mechanism
Neurophysiology
The first sense to return during emergence from 
anaesthesia is hearing, a sense that is made 
possible by the synapse between the acoustic 
thalamus and the lateral nucleus of the 
amygdala.12 During post-anaesthesia recovery, 
this connection is also responsible for auditory 
fear conditioning by exaggerating an 
inappropriate response to auditory stimuli.13 
Disturbance of other important 
neurotransmitters that regulate sleep and 
arousal, specifically serotonin and 
noradrenaline, have also been associated with 
delirium.14 To date, there have been a limited 
amount of studies investigating the 
neurophysiology basis behind ED. A study by 
Yasui et al., investigated that inhalation 
anaesthetics have been known to exert transient 
paradoxical “excitatory” effects in the animals 

and human patients, more predominantly in 
children.15Another study, by Lim et al., 
attempted to explain the neurophysiology behind 
hyperexcitatory behaviors occurring after 
sevoflurane anaesthesia.16 They postulated that 
the excitation may result from the potentiation 
by sevoflurane of GABAergic depolarization/ 
excitation in neocortical neurons, cells 
implicated in the genesis of arousal and 
consciousness.
Further, a study by Murrin showed that 
neurotransmitter levels in pediatric brains were 
analogous to levels in brains that had undergone 
normal age-related changes. Diminished levels 
of ACh, dopamine, norepinephrine and 
aminobutyric acid were neurophysiological 
findings characteristic of both the geriatric and 
pediatric populations.17

Studies have identified cases of elevated serum 
cortisol levels postoperatively. This cortisol 
surge has been correlated with an increased 
incidence of post-operative confusion.18 
Intraoperative reduction in carbon dioxide (CO2) 
levels can decrease cerebral blood flow via 
vasoconstriction. Extended periods of 
hypocapnia causes damage to the caudoputamen 
and may be responsible for some of the 
characteristic symptoms of postoperative 
delirium.19 Perioperative hypoventilation results 
in elevated CO2 levels, promoting an acidotic 
state that alters consciousness. Importantly, 
altered blood oxygen levels may also contribute 
to the symptoms associated with ED.

Risk Factors
Genetics
There aretheories that support the ED is 
predicated, in large part, on the interaction 
between genes and factors imposed by surgery 
and anaesthesia.20 Agnoletti et al., hypothesized 
that certain genetic polymorphismsplayan 
important role in the immune response and 
inflammatorypathways that may predispose a 
patient to ED. 21

Age
Studies have examined the role of brain 
maturation on delirium, with some relating ED 
susceptibility in children to the development of 
the hippocampus and cholinergic function.6,22 
Diminished level of neurotransmitters and 
disturbance to these neurotransmitters has been 
implicated as precipitating factors for ED in 
children and under the age of 5 years are 
vulnerable to altered behavior upon recovery 
from anaesthesia.6

Preoperative Anxiety
Intense preoperative anxiety, both in children 
and their parents, has been associated with an 
increased likelihood of restless recovery from 
anaesthesia.23 Younger children, those with 
impulsive and emotional behavior, those who are 
less sociable and whose parents are more 
anxious, appear to be more prone to developing 
this clinical phenomenon.24,25 When children are 
separated from their parents and sent to the 
operating room alone, this is traumatic and 
increases the risk of agitation.5

Inhalation anaesthetics
The recent surge in ED cases is a reflection of the 
gaining popularity of sevoflurane and 
desflurane.26 It is believed that thelow blood 
solubility characteristic of these newer inhaled 
anaesthetics promote a rapid awakening that 
concurrentlyincreases susceptibility to ED.27 The 
causative relationship between inhalation 
anaesthetics and ED is affected by the 
concurrent use of other medications. Supporting 
the findings by Aono et al., a study by Kuratini 
and Oi, found that children anaesthetized with 
sevoflurane exhibited a greater incidence of ED 
than those anaesthetized with halothane.28

Type of Surgery
Surgical procedures that involve the tonsils, 
thyroid, middle ear, and eye have been reported 
to have higher incidences of postoperative 
agitation and restlessness.10,26 Eckenhoff et al.4 

speculated that a “sense of suffocation” during 
emergence from anaesthesia may contribute to 
ED in patients undergoing head and neck 
surgery.

Rapid Awakening
It has been known that rapid awakening after 
the use of the insoluble anaesthetics may initiate 
ED by worsening a child’s underlying sense of 
apprehension when finding himself in an 
unfamiliar environment.26 Some parents claim 
the patient’s behavior upon emergence was the 
same as when he was suddenly awakened from 
deep sleep.29 Older children and adults usually 
become oriented rapidly, whereas preschool-aged 
children, who are less able to copewith 
environmental stresses, tend to become agitated 
and delirious. 

Pain
Inadequate pain relief has been one of the 
principal confounding factors when analyzing 
trigger factors for emergence agitation. ED 
observed particularly after short surgical 
procedures for which peak effects of analgesics 
may be delayed until the child is completely 
awake.30 In several studies, the preemptive 
analgesic approach successfully reduced ED, 
suggesting that pain may be its major source.31 It 
is recommended that postoperative pain be first 
removed to exclude the cause of ED who exhibit 
signs compatible with emergence agitation.

Diagnosis and Assessment Tools
The diagnostic criteria for diagnosing ED are not 
well described. Several assessment tools have 
been established to guide diagnosis. Many scales 
have been proposed to evaluate the incidence 
and severity of ED and a variety of scales are 
used in clinical practice and for research 
purposes and measure ED in young 
children.32,33Agitation due to pain is a significant 
confounding factor for the evaluation of the 
presence or measurement of the degree of 

ED.34The Cravero scale (Table I) has five steps 
from obtunded and unresponsive to wild 
thrashing behavior requiring restraint.8 A score 
of 4 (from crying and difficult to console to wild 
thrashing) for a 5 or more min duration despite 
active calming efforts is regarded as indicative of 
ED. 
Table I: Cravero Scale

The Paediatric Anaesthesia Emergence Delirium 
(PAED) scale (Table: II) is validated but is 
difficult to use in routine clinical practice.34

Table 2: PAED Scale. Score is sum of all values.

The Watcha scale (Table:III) is a simpler tool to 
use in clinical practice and may have a higher 
overall sensitivity and specificity than  = the 
PAED and Cravero scales.35

Table 3: Watcha Scale. Score is observed value.

 
Preventive Measures
Prophylactic measures include the 
co-administration of propofol, midazolam, or 
fentanyl, but the risks associated with their use 
must be weighed against the self-limiting nature 
of ED. The efficacy of propofol is dependent on 
the timing of administration. Due to the rapid 
pharmacokinetics of propofol, a bolus may be 
given at the end of the procedure or continuous 
infusion used during maintenance of anaesthesia 
results in increased concentrations during 
emergence resulting in a decreased incidence of 
ED.36 Perioperative analgesia has been shown 
to be effective in preventing ED. Several 
analgesics have been studied for the 
preventionof ED including: fentanyl 
intravenously 10 min before the end of a 
procedure, ketamine intravenously given at the 
end of procedure, or as an oral premedication 
and alpha2adrenoreceptor agonists such as 
clonidine caudally and dexmedetomidine 
intravenously.6

Treatment
Non-Pharmacologic Treatment
There are a variety of non-pharmacological 
methods that may be effective in reducing the 
incidence of emergence delirium as well. These 
consist of a quiet induction environment with 
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decreased sensory stimuli, music therapy, and 
distraction by way of videos or touch screen 
games. Interestingly, parental presence at 
induction has not been found to be consistently 
effective, although parental presence following 
emergence is helpful.37The recovery area should 
be quiet. Parental presence in the recovery area 
may or may not help.

Benzodiazepine
Despite the increased risk of ED in preoperative 
administration of benzodiazepines, several 
studies have demonstrated lower incidences of 
ED when benzodiazepines are administered in 
the perioperative stage.38 Small intravenous dose 
of midazolam administered just prior to the end 
of surgery reduced ED without delaying the 
emergence time but risk is respiratory 
depression.37

Analgesics: NSAIDs and Opioids
Pain is an important risk factor for ED, mainly in 
the pediatric population.5Adding a single 
injection of intravenous propofol and ketorolac to 
the end of a brief sevoflurane anesthetic for 
bilateral myringotomy with tube insertion was 
associated with a lower incidence of emergence 
agitation one study.39 Fentanyl, given either 
intravenously or intranasally during moderately 
painful surgery, has also been shown to decrease 
emergence agitation in children.40

Clonidine
The sedating effects of the alpha-2 receptor 
agonists clonidine reduced ED.41 Administration 
routes were intravenous or caudal. This 
reduction was seen even with good analgesia 
from caudal. As inhalational agents raise 
noradrenalin levels in the brain, the alpha-2 
receptor agonists may exert their effects 
centrally by reducing noradrenalin levels.41

Dexmedetomidine
The more selectivealpha-2 receptor agonist 
dexmedetomidine hasr elatively more safety 
profile and improved efficacy relative to other 
medications has made a preferred agent of choice 

for treatment of ED.42Studies alsofound that 
perioperative administration of 
dexmedetomidine significantly reduced the 
incidence of ED in children without increasing 
the risk of side effects.43 The main disadvantage 
of dexmedetomidine is that it remains quite 
expensive.

Ketamine
Ketamine has been one of the more extensively 
studied pharmacological agents in the 
management of ED. Debate aboutthe efficacy of 
ketamine in the management of ED is 
largelydriven by earlier studies that linked 
ketamine to an increased risk of ED.4,44 
Presently, emerging studies strongly favour 
treatment with ketamine, particularly in 
combination with dexmedetomidine. Yoon Sook 
Lee et al. found that ketamine was effective in 
the prevention of emergence agitation without 
delay in awakening and both subhypnotic doses 
of ketamine 0.25 and 0.5 mg/kg were 
effective.45Kararmaz et al concluded that oral 
ketamine was effective in reducing incidence of 
emergence agitation.44

Long Term Consequences
Although emergence delirium is transient, it has 
been found to be associated with postoperative 
maladaptive behavioural changes, with children 
who display emergence delirium being seven 
times more likely to develop postoperative 
maladaptive behaviors such as night terrors, bed 
wetting, general anxiety and loss of appetite for 
up to 2 weeks following surgery.24,46However, 
there is no evidence that ED has any impact on 
long-term outcome did not suggest a cause-effect 
relationship between these two phenomena.

Conclusion
ED is a preventable and treatable condition in 
paediatric anaesthesia. It is distressing for 
children, parents, and staff. No single factor in 
isolation could be identified as causing 
postoperative agitation, and the condition should 
be considered to be a syndrome with biological, 
pharmacological, psychological and social 

components. ED should be treated as the child 
can increase risk for injury, pain, hemorrhage, 
self-removal of intravenous cannula and 
catheters. Agitated children often face a more 
complicated and prolonged stay in the PACU, 
consisting of extensive medical regimens and 
additional ancillary staff. A reasonable number 
of diagnostic tools are currently available, each 
of which are not without limitations. A standard 
diagnostic, preventable and treatable guideline 
should be required for adverse outcomes in the 
paediatric populations.
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Behavior Score 

Obtunded with no response to 
stimulation 

1 

Asleep but responsive to movement 
or stimulation 

2 

Awake and responsive 3 

Crying (for>3 minutes) 4 

Thrashing behavior that requires 
restrain  

5 

Behavior Not 
at 
all 

Just a 
little 

Quite 
a bit 

Very 
much 

Extre
mely 

Make eye 
contact with 
caregiver 

4 3 2 1 0 

Actions are 
purposeful 

4 3 2 1 0 

Aware of 
surroundings 

4 3 2 1 0 

Restless 0 1 2 3 4 

Inconsolable 0 1 2 3 4 

Behavior Score 

Asleep 0 

Calm 1 

Crying but consoled 2 

Crying but cannot be 
consoled 

3 

Agitated and thrashing 
around 

4 



Introduction:
Now a days Laparoscopic Surgery is a common 
practice in modern surgical technique. Laparoscopic 
surgery includes postoperative advantages of less 
pain, fewer pulmonary complications, short hospital 
stay, early return to daily activities and low cost1. 
General Anaesthesia (GA) is considered the 
anaesthetic technique of choice for laparoscopic 
procedures including laparoscopic gynaecological 
procedures2. Many anesthesiologists and surgeons 
frequently prefer general anesthesia for the reason 
that it allows control of airways and ventilation and 
promotes muscular relaxation and prevents 
aspiration. Another reason for this popularity is that 
patients who are awake during such procedures do 
not tolerate the adverse effects from the 
pneumoperitoneum well3, 4.  However, some centers 
have been using spinal anesthesia as their first 
preference in laparoscopic surgery for a long time 3. 
The literature shows that spinal anesthesia is usually 
used in laparoscopic abdominal surgery, which 
includes cholecystectomy, diagnostic laparoscopy and 
appendectomy5. Some small series discussed spinal 
anesthesia as the sole anesthetic procedure in 
gynecological laparoscopic surgeries4. Regional 
anaesthesia as a sole technique was initially 
advocated for cases who were considered high-risk 
candidates for general anaesthesia6,7. However, 
nowadays, it is also opted as a routine technique for 
healthy patients8,9 . Studies have demonstrated that 
surgeries like laparoscopic cholecystectomy can safely 
be performed under spinal anaesthesia10. Regional 
anaesthesia in laparoscopic surgery offers some 
advantages like decreased nausea/vomiting and less 
post-operative pain. However, anxiety and other 
problems related to pneumoperitoneum like shoulder 
tip pain causes discomfort to the patients during 
these procedures under spinal anaesthesia. These 
problems can be overcome by providing proper 
sedation and analgesia.

SAB may be a safe and effective technique for short 
duration laparoscopic gynaecological procedures by 
avoiding extreme Trendelenburg position, by 
providing supplementary sedation and analgesia and 
by keeping abdominal pressure 8-10 mmHg. The 
length of surgery and surgeons experience is also an 

important factor for the success of the surgeries11. In 
this study, attempts have been taken to compare 
respiratory changes under SAB with GA for lower 
abdominal laparoscopic gynaecological procedures.

Materials and Methods:
This was a prospective comparative study. Sixty ASA 
grade I and II female patients were randomized into 
two groups by card sampling method with thirty 
patients in each group. Institutional Ethical 
Committee approval and informed written consent 
was obtained from all patients.  All patients 
underwent laparoscopic gynaecological procedures in 
Combined Military Hospital Dhaka from March to 
August 2021. Inclusion Criteria Were (1) Patients 
aged between 15-45 yrs. (2) Patients with ASA grade 
I and II. (3) Patients scheduled for short duration 
(<60 min) laparoscopic gynaecological procedure. 
Exclusion Criteria Were (1) Patient’s refusal (2) 
Patients hypersensitive to local anaesthetics (3) Short 
stature, i.e. height below 148 cm (4 feet 9 inch). (4) 
Overweight patients (Weight >110 kg)  (5) Patients 
with coagulation disorders, on anticoagulants (6) 
Patients with skin sepsis in lumbar region (7) 
Patients with pre-existing neurological disorders or 
spine deformation (8) Cases belonging to ASA grade 
III and above.

Group I patients received   lumber SAB and Group II 
received GA with propofol, halothane and fentanyl.  
After pre-operative fasting for 6 hours, with all 
asceptic precaution, group I patients were 
administered spinal anaesthesia in the sitting 
position using 27G Quincke Babcock spinal needle at 
L2- L3 inter space. A combination of 15mg (3ml) 0.5% 
hyperbaric bupivacaine and 25 microgram (0.5 ml) 
fentanyl was administered in the lumbar 
subarachnoid space. As soon as the sensory block 
reached T5 dermatome (level of sensory block was 
tested by pin prick stimulus) the patients were placed 
in dorsal lithotomy position with 15 degree head down 
tilt when the abdomen was prepared for veress needle 
insertion. Baseline heart rate, blood pressure, 
respiratory rate & SPO2 were noted in all patients. A 
soft sealing transparent face mask with ETCO2 
sensor was then secured over the patient’s face in a 
comfortable and air tight manner in group I patients 
and ETCO2 sensor was fixed in between the 

endotracheal tube and the breathing circuit (Bain) in 
group II patients. Pneumoperitoneum was created by 
insufflating CO2 gas. Intra-abdominal pressure was 

adjusted to have a comfortable working field {mean 10 
(±2) cm H2O}. Group I patients who complained of 
neck pain, shoulder tip pain or both and for anxiety 
and abdominal discomfort inj Midazolam 2 mg and 
Tramadol 100 mg was administered slowly 
intravenously (IV). Patient has felt pain even after 
Midazolam and Tramadol administration, inj 
Ketamine 25 mg was administered slowly. In both 
groups bradycardia below 50/min was managed with 
inj Atropine 0.6 mg. Hypotension at any time during 
or after surgery was managed with inj Ephedrine 5-10 
mg intravenously intermittently upto a maximum 25 
mg. In the post-operative period pain was assessed 
using Visual Analogue Scale (VAS) and treated with 
inj Diclofenac sodium 50 mg intramuscularly. In both 
the groups, a 20-gauze polyurethane catheter was 
established in the left radial artery temporarily for 
periodical sampling of arterial blood. Blood gas 
analysis was done at time 0, 20 and 40 minutes after 
pneumoperitoneum. Pulse oximetry, noninvasive 
blood pressure and ETCO2 were recorded using 
multiparameter monitor every 5 minutes’ interval 
and ECG monitored continuously during the 
procedure. In the post-operative period ECG, pulse 
oximetry, noninvasive blood pressure was recorded at 
10 minutes’ interval. Any intra operative and 
post-operative complications were observed and 
managed accordingly. All results were expressed as 
mean ± standard deviation (SD) or in frequencies 
(percentage) as applicable. All results were compiled 
and analyzed using Student’s ‘t’ test.

Results:

Demographic profile of the patients in both the groups 
were comparable (Table I). Respiratory rate between 
the groups were almost similar (Table II).There was 
no desaturation during per operative and 
post-operative period in both groups (figure 1). In 
group I, End tidal carbon dioxide (ETCO2) increased 
in a stepwise manner over the first 10 min from 31.98 
± 4.11 mmHg to 37.53 ± 6.29 mmHg (p=0.000) and 
reached a plateau between 15th and 30th min and 

declined after deflation of pneumoperitoneum (Figure 
2). Arterial CO2 tension showed a significant increase 
at 20 min from 38.01± 4.74 mmHg to 43.88±3.95 
mmHg (p=0.000) (Table III). There was a significant 
increase in arterial to end tidal carbon dioxide tension 
from 6.03±4.55 mmHg to 6.35±4.01mmHg (p=0.000) 
(Table III). In-group II, almost similar significant 
changes occurred in arterial CO2 tension, end tidal 
CO2 tension and arterial to end tidal CO2 tension 
from baseline to 20 minutes after pneumoperitoneum 
values (Table III). All the observed changes were well 
within physiological limits. No patient had 
desaturation (Figure 1) or respiratory insufficiency.

Table – I: Personal characteristics and duration of surgery 

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups) 

Student’s  ‘t’  test was done to find out the differences 
between the groups

Table- II:  Comparison of respiratory rate  

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups)

Student’s ‘t’ test  was done to find out the differences 
between the groups.

Figure 1: Comparison between per operative and 
post operative SPO2 in two groups

Table III :  Partial pressure of CO2 in arterial blood 
and End tidal CO2 Tension Changes

Values are expressed as mean ± SD. Significant 
P <0.05 (between two groups) 
Student,s ‘t’ test  was done to find out the 
difference between groups.

PaCO2 - arterial carbon dioxide tension
ETCO2 - end tidal carbon dioxide tension
(a-E) CO2 –arterial to end tidal carbon dioxide 
tension difference 

Figure 2: Changes in End Tidal CO2 plotted 
over time  between two groups.

                   

*BD-Before deflation of pneumoperitoneum
AD- After deflation of pneumoperitoneum

Figure 3:    Arterial blood gas analysis shows 
changes in Partial

Pressure of CO2 plotted over time between two 
groups.

Discussions :
Previously spinal anaesthesia was routinely 
deferred for laparoscopic surgery because of 
thought of its suppressive effects on the 
respiratory muscle function under increased 
abdominal pressure. This study was conducted to 
find out respiratory alterations  under spinal 
anaesthesia in comparison to GA. In this study it 
has been  shown that spinal anaesthesia with  
local anesthetics and narcotic combination can 
be safely utilized without respiratory 
suppression. There was no change in the 
respiratory rate with increasing ETCO2 as the 
patient had adequate respiratory reserve. The 
ventilatory response to hypercapnia is well 
preserved under spinal anaesthesia. Ciofolo et 
al12 in their study on laparoscopy under epidural 
anaesthesia demonstrated that the arterial 

carbon dioxide level was kept unchanged by 
increased minute ventilation and respiratory 
rate during CO2 pneumoperitoneum. The 
explanations could be the intrathecal fentanyl 
shifting the CO2 response curve to the left. The 
deafferentation effect of spinal anaesthesia and 
the attending sedation cannot be ruled out from 
our present study design.

In this study the ETCO2 was increasing till 15 
min in a step wise manner and stabilized 
thereafter without any further increase till 
decompression of the pneumo peritoneum. Tan 
et al13  in their study demonstrated that 
absorption of CO2 from the peritoneal surface in 
humans during conventional laparoscopy 
stabilized around 40 ml / min in 15 min and there 
was no demonstrable increase in 30 min. Lister 
et al14 in their animal study demonstrated that, 
under general anaesthesia the CO2 elimination 
increased linearly when the intra peritoneal CO2 
insufflation pressure increased from 0 to 10 
mmHg and it did not increase any further 
despite increasing the CO2  insufflation pressure 
to 25 mmHg. In this study, the arterial carbon 
dioxide increased at 20 min with a significant 
change in arterial to end tidal CO2 difference 
from the pre pneumoperitoneum base line (table 
III). Lundh et al15 showed with multiple inert 
gas elimination technique, the ventilation 
perfusion (V/Q) and FRC to closing capacity ratio 
was unchanged under epidural anaesthesia of 
third thoracic dermatome. Similarly in our study 
population, unremarkable arterial to end tidal 
CO2 difference possibly indicate the V/ Q ratio 
and FRC was maintained by the preserved 
diaphragmatic activity.

In conscious patient with pneumoperitoneum for 
lower abdominal laparoscopic surgery under 
spinal anaesthesia, the preserved inspiratory 
diaphragmatic activity maintains ventilation 
and the gas exchange within physiological limits. 
This prospective, randomized comparative study 
between subarachnoid block and general 
anaesthesia concludes that spinal anaesthesia 
using mixtures of bupivacaine and fentanyl can 
be used as a safe alternative to general 

anaesthesia for short duration laparoscopic 
gynaecological procedures with minimum 
respiratory embarrassment even during 
pneumoperitoneum. But for the experience of 
shoulder tip/ neck pain or discomfort,  patient 
requires supplementary sedation and analgesia. 

Conclusion
Arterial and end-tidal CO2 tension changes 
during lower abdominal laparoscopic surgery 
under SAB remain within physiological limit and 
comparable to the CO2 tensions under GA.  SAB 
may be adopted in ASA physical status I and II 
patients with proper preoperative counselling. 
Hence it can be applied as a safe and alternative 
technique to GA with minimum respiratory 
alterations. 
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Introduction
Postoperative agitation, also referred to as 
emergence delirium (ED) in international 
literature, is a well-documented clinical 
phenomenon, particularly in children. EDhas 
been described as “a mental disturbance during 
the recovery from general anaesthesia consisting 
of hallucinations, delusions and confusion 
manifested by moaning, restlessness, 
involuntary physical activity, and thrashing 
about in bed.”1 It has been considered a common 
postanaesthetic problem in children as well as 
adults.2,3 ED first identified in the 1960’s when 
Eckenhoff et al.studied over 14,000 patients who 
experienced unusual post-operative behavioral 
disturbances which they termed “excitement”.4 
This occurred in 5.3% of the sample patients. 

4ED occurs during the first 30 minutes after 
emergence that the greatest incidence of 
agitation is observed, and duration is generally 
limited and recovery spontaneous.5 However, 
prolonged episodes of agitation lasting for up to 2 
days have been described.6 During an ED 
reaction, children risk injuring their surgical 
repair, themselves, and their caregivers. Their 
behaviour is disruptive to the postanaesthetic 
care unit and often requires constant nursing 
supervision. When an ED reaction occurs, all 
members of the healthcare team as well as the 
parents express dissatisfaction with the quality 
of the child’s recovery.5 These negative effects of 
ED have motivated clinicians to investigate 
possible etiologies prevention and potential 
treatments for ED.

Prevalence
This condition has been shown to occur in 5% to 
10% of general surgery patients of allages.7 The 
prevalence of ED in children generally ranges 
from 25 to 80%, depending on the definition of 
ED used to measure this phenomenon, 8 but may 
be as high as 80%.8,9 The incidence of ED largely 
depends on age, anaesthetic technique, surgical 
procedure, and application of adjunct 
medication.10

Presentation
It is characterized by mental confusion, 
irritability, disorientation, inconsolablecrying, 
and thrashing behavior. ED increased recovery 
time in the post anaesthesia recovery room, 
increasing parents concern and anxiety 
withrespect to the clinical condition of their 
children.11 Typically, these children do not 
recognize or identify familiar objects or people. 
Combative behaviour has been more often 
described than simple restlessness and 
incoherence.10 

Mechanism
Neurophysiology
The first sense to return during emergence from 
anaesthesia is hearing, a sense that is made 
possible by the synapse between the acoustic 
thalamus and the lateral nucleus of the 
amygdala.12 During post-anaesthesia recovery, 
this connection is also responsible for auditory 
fear conditioning by exaggerating an 
inappropriate response to auditory stimuli.13 
Disturbance of other important 
neurotransmitters that regulate sleep and 
arousal, specifically serotonin and 
noradrenaline, have also been associated with 
delirium.14 To date, there have been a limited 
amount of studies investigating the 
neurophysiology basis behind ED. A study by 
Yasui et al., investigated that inhalation 
anaesthetics have been known to exert transient 
paradoxical “excitatory” effects in the animals 

and human patients, more predominantly in 
children.15Another study, by Lim et al., 
attempted to explain the neurophysiology behind 
hyperexcitatory behaviors occurring after 
sevoflurane anaesthesia.16 They postulated that 
the excitation may result from the potentiation 
by sevoflurane of GABAergic depolarization/ 
excitation in neocortical neurons, cells 
implicated in the genesis of arousal and 
consciousness.
Further, a study by Murrin showed that 
neurotransmitter levels in pediatric brains were 
analogous to levels in brains that had undergone 
normal age-related changes. Diminished levels 
of ACh, dopamine, norepinephrine and 
aminobutyric acid were neurophysiological 
findings characteristic of both the geriatric and 
pediatric populations.17

Studies have identified cases of elevated serum 
cortisol levels postoperatively. This cortisol 
surge has been correlated with an increased 
incidence of post-operative confusion.18 
Intraoperative reduction in carbon dioxide (CO2) 
levels can decrease cerebral blood flow via 
vasoconstriction. Extended periods of 
hypocapnia causes damage to the caudoputamen 
and may be responsible for some of the 
characteristic symptoms of postoperative 
delirium.19 Perioperative hypoventilation results 
in elevated CO2 levels, promoting an acidotic 
state that alters consciousness. Importantly, 
altered blood oxygen levels may also contribute 
to the symptoms associated with ED.

Risk Factors
Genetics
There aretheories that support the ED is 
predicated, in large part, on the interaction 
between genes and factors imposed by surgery 
and anaesthesia.20 Agnoletti et al., hypothesized 
that certain genetic polymorphismsplayan 
important role in the immune response and 
inflammatorypathways that may predispose a 
patient to ED. 21

Age
Studies have examined the role of brain 
maturation on delirium, with some relating ED 
susceptibility in children to the development of 
the hippocampus and cholinergic function.6,22 
Diminished level of neurotransmitters and 
disturbance to these neurotransmitters has been 
implicated as precipitating factors for ED in 
children and under the age of 5 years are 
vulnerable to altered behavior upon recovery 
from anaesthesia.6

Preoperative Anxiety
Intense preoperative anxiety, both in children 
and their parents, has been associated with an 
increased likelihood of restless recovery from 
anaesthesia.23 Younger children, those with 
impulsive and emotional behavior, those who are 
less sociable and whose parents are more 
anxious, appear to be more prone to developing 
this clinical phenomenon.24,25 When children are 
separated from their parents and sent to the 
operating room alone, this is traumatic and 
increases the risk of agitation.5

Inhalation anaesthetics
The recent surge in ED cases is a reflection of the 
gaining popularity of sevoflurane and 
desflurane.26 It is believed that thelow blood 
solubility characteristic of these newer inhaled 
anaesthetics promote a rapid awakening that 
concurrentlyincreases susceptibility to ED.27 The 
causative relationship between inhalation 
anaesthetics and ED is affected by the 
concurrent use of other medications. Supporting 
the findings by Aono et al., a study by Kuratini 
and Oi, found that children anaesthetized with 
sevoflurane exhibited a greater incidence of ED 
than those anaesthetized with halothane.28

Type of Surgery
Surgical procedures that involve the tonsils, 
thyroid, middle ear, and eye have been reported 
to have higher incidences of postoperative 
agitation and restlessness.10,26 Eckenhoff et al.4 

speculated that a “sense of suffocation” during 
emergence from anaesthesia may contribute to 
ED in patients undergoing head and neck 
surgery.

Rapid Awakening
It has been known that rapid awakening after 
the use of the insoluble anaesthetics may initiate 
ED by worsening a child’s underlying sense of 
apprehension when finding himself in an 
unfamiliar environment.26 Some parents claim 
the patient’s behavior upon emergence was the 
same as when he was suddenly awakened from 
deep sleep.29 Older children and adults usually 
become oriented rapidly, whereas preschool-aged 
children, who are less able to copewith 
environmental stresses, tend to become agitated 
and delirious. 

Pain
Inadequate pain relief has been one of the 
principal confounding factors when analyzing 
trigger factors for emergence agitation. ED 
observed particularly after short surgical 
procedures for which peak effects of analgesics 
may be delayed until the child is completely 
awake.30 In several studies, the preemptive 
analgesic approach successfully reduced ED, 
suggesting that pain may be its major source.31 It 
is recommended that postoperative pain be first 
removed to exclude the cause of ED who exhibit 
signs compatible with emergence agitation.

Diagnosis and Assessment Tools
The diagnostic criteria for diagnosing ED are not 
well described. Several assessment tools have 
been established to guide diagnosis. Many scales 
have been proposed to evaluate the incidence 
and severity of ED and a variety of scales are 
used in clinical practice and for research 
purposes and measure ED in young 
children.32,33Agitation due to pain is a significant 
confounding factor for the evaluation of the 
presence or measurement of the degree of 

ED.34The Cravero scale (Table I) has five steps 
from obtunded and unresponsive to wild 
thrashing behavior requiring restraint.8 A score 
of 4 (from crying and difficult to console to wild 
thrashing) for a 5 or more min duration despite 
active calming efforts is regarded as indicative of 
ED. 
Table I: Cravero Scale

The Paediatric Anaesthesia Emergence Delirium 
(PAED) scale (Table: II) is validated but is 
difficult to use in routine clinical practice.34

Table 2: PAED Scale. Score is sum of all values.

The Watcha scale (Table:III) is a simpler tool to 
use in clinical practice and may have a higher 
overall sensitivity and specificity than  = the 
PAED and Cravero scales.35

Table 3: Watcha Scale. Score is observed value.

 
Preventive Measures
Prophylactic measures include the 
co-administration of propofol, midazolam, or 
fentanyl, but the risks associated with their use 
must be weighed against the self-limiting nature 
of ED. The efficacy of propofol is dependent on 
the timing of administration. Due to the rapid 
pharmacokinetics of propofol, a bolus may be 
given at the end of the procedure or continuous 
infusion used during maintenance of anaesthesia 
results in increased concentrations during 
emergence resulting in a decreased incidence of 
ED.36 Perioperative analgesia has been shown 
to be effective in preventing ED. Several 
analgesics have been studied for the 
preventionof ED including: fentanyl 
intravenously 10 min before the end of a 
procedure, ketamine intravenously given at the 
end of procedure, or as an oral premedication 
and alpha2adrenoreceptor agonists such as 
clonidine caudally and dexmedetomidine 
intravenously.6

Treatment
Non-Pharmacologic Treatment
There are a variety of non-pharmacological 
methods that may be effective in reducing the 
incidence of emergence delirium as well. These 
consist of a quiet induction environment with 

decreased sensory stimuli, music therapy, and 
distraction by way of videos or touch screen 
games. Interestingly, parental presence at 
induction has not been found to be consistently 
effective, although parental presence following 
emergence is helpful.37The recovery area should 
be quiet. Parental presence in the recovery area 
may or may not help.

Benzodiazepine
Despite the increased risk of ED in preoperative 
administration of benzodiazepines, several 
studies have demonstrated lower incidences of 
ED when benzodiazepines are administered in 
the perioperative stage.38 Small intravenous dose 
of midazolam administered just prior to the end 
of surgery reduced ED without delaying the 
emergence time but risk is respiratory 
depression.37

Analgesics: NSAIDs and Opioids
Pain is an important risk factor for ED, mainly in 
the pediatric population.5Adding a single 
injection of intravenous propofol and ketorolac to 
the end of a brief sevoflurane anesthetic for 
bilateral myringotomy with tube insertion was 
associated with a lower incidence of emergence 
agitation one study.39 Fentanyl, given either 
intravenously or intranasally during moderately 
painful surgery, has also been shown to decrease 
emergence agitation in children.40

Clonidine
The sedating effects of the alpha-2 receptor 
agonists clonidine reduced ED.41 Administration 
routes were intravenous or caudal. This 
reduction was seen even with good analgesia 
from caudal. As inhalational agents raise 
noradrenalin levels in the brain, the alpha-2 
receptor agonists may exert their effects 
centrally by reducing noradrenalin levels.41

Dexmedetomidine
The more selectivealpha-2 receptor agonist 
dexmedetomidine hasr elatively more safety 
profile and improved efficacy relative to other 
medications has made a preferred agent of choice 

for treatment of ED.42Studies alsofound that 
perioperative administration of 
dexmedetomidine significantly reduced the 
incidence of ED in children without increasing 
the risk of side effects.43 The main disadvantage 
of dexmedetomidine is that it remains quite 
expensive.

Ketamine
Ketamine has been one of the more extensively 
studied pharmacological agents in the 
management of ED. Debate aboutthe efficacy of 
ketamine in the management of ED is 
largelydriven by earlier studies that linked 
ketamine to an increased risk of ED.4,44 
Presently, emerging studies strongly favour 
treatment with ketamine, particularly in 
combination with dexmedetomidine. Yoon Sook 
Lee et al. found that ketamine was effective in 
the prevention of emergence agitation without 
delay in awakening and both subhypnotic doses 
of ketamine 0.25 and 0.5 mg/kg were 
effective.45Kararmaz et al concluded that oral 
ketamine was effective in reducing incidence of 
emergence agitation.44

Long Term Consequences
Although emergence delirium is transient, it has 
been found to be associated with postoperative 
maladaptive behavioural changes, with children 
who display emergence delirium being seven 
times more likely to develop postoperative 
maladaptive behaviors such as night terrors, bed 
wetting, general anxiety and loss of appetite for 
up to 2 weeks following surgery.24,46However, 
there is no evidence that ED has any impact on 
long-term outcome did not suggest a cause-effect 
relationship between these two phenomena.

Conclusion
ED is a preventable and treatable condition in 
paediatric anaesthesia. It is distressing for 
children, parents, and staff. No single factor in 
isolation could be identified as causing 
postoperative agitation, and the condition should 
be considered to be a syndrome with biological, 
pharmacological, psychological and social 
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components. ED should be treated as the child 
can increase risk for injury, pain, hemorrhage, 
self-removal of intravenous cannula and 
catheters. Agitated children often face a more 
complicated and prolonged stay in the PACU, 
consisting of extensive medical regimens and 
additional ancillary staff. A reasonable number 
of diagnostic tools are currently available, each 
of which are not without limitations. A standard 
diagnostic, preventable and treatable guideline 
should be required for adverse outcomes in the 
paediatric populations.
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Introduction:
Now a days Laparoscopic Surgery is a common 
practice in modern surgical technique. Laparoscopic 
surgery includes postoperative advantages of less 
pain, fewer pulmonary complications, short hospital 
stay, early return to daily activities and low cost1. 
General Anaesthesia (GA) is considered the 
anaesthetic technique of choice for laparoscopic 
procedures including laparoscopic gynaecological 
procedures2. Many anesthesiologists and surgeons 
frequently prefer general anesthesia for the reason 
that it allows control of airways and ventilation and 
promotes muscular relaxation and prevents 
aspiration. Another reason for this popularity is that 
patients who are awake during such procedures do 
not tolerate the adverse effects from the 
pneumoperitoneum well3, 4.  However, some centers 
have been using spinal anesthesia as their first 
preference in laparoscopic surgery for a long time 3. 
The literature shows that spinal anesthesia is usually 
used in laparoscopic abdominal surgery, which 
includes cholecystectomy, diagnostic laparoscopy and 
appendectomy5. Some small series discussed spinal 
anesthesia as the sole anesthetic procedure in 
gynecological laparoscopic surgeries4. Regional 
anaesthesia as a sole technique was initially 
advocated for cases who were considered high-risk 
candidates for general anaesthesia6,7. However, 
nowadays, it is also opted as a routine technique for 
healthy patients8,9 . Studies have demonstrated that 
surgeries like laparoscopic cholecystectomy can safely 
be performed under spinal anaesthesia10. Regional 
anaesthesia in laparoscopic surgery offers some 
advantages like decreased nausea/vomiting and less 
post-operative pain. However, anxiety and other 
problems related to pneumoperitoneum like shoulder 
tip pain causes discomfort to the patients during 
these procedures under spinal anaesthesia. These 
problems can be overcome by providing proper 
sedation and analgesia.

SAB may be a safe and effective technique for short 
duration laparoscopic gynaecological procedures by 
avoiding extreme Trendelenburg position, by 
providing supplementary sedation and analgesia and 
by keeping abdominal pressure 8-10 mmHg. The 
length of surgery and surgeons experience is also an 

important factor for the success of the surgeries11. In 
this study, attempts have been taken to compare 
respiratory changes under SAB with GA for lower 
abdominal laparoscopic gynaecological procedures.

Materials and Methods:
This was a prospective comparative study. Sixty ASA 
grade I and II female patients were randomized into 
two groups by card sampling method with thirty 
patients in each group. Institutional Ethical 
Committee approval and informed written consent 
was obtained from all patients.  All patients 
underwent laparoscopic gynaecological procedures in 
Combined Military Hospital Dhaka from March to 
August 2021. Inclusion Criteria Were (1) Patients 
aged between 15-45 yrs. (2) Patients with ASA grade 
I and II. (3) Patients scheduled for short duration 
(<60 min) laparoscopic gynaecological procedure. 
Exclusion Criteria Were (1) Patient’s refusal (2) 
Patients hypersensitive to local anaesthetics (3) Short 
stature, i.e. height below 148 cm (4 feet 9 inch). (4) 
Overweight patients (Weight >110 kg)  (5) Patients 
with coagulation disorders, on anticoagulants (6) 
Patients with skin sepsis in lumbar region (7) 
Patients with pre-existing neurological disorders or 
spine deformation (8) Cases belonging to ASA grade 
III and above.

Group I patients received   lumber SAB and Group II 
received GA with propofol, halothane and fentanyl.  
After pre-operative fasting for 6 hours, with all 
asceptic precaution, group I patients were 
administered spinal anaesthesia in the sitting 
position using 27G Quincke Babcock spinal needle at 
L2- L3 inter space. A combination of 15mg (3ml) 0.5% 
hyperbaric bupivacaine and 25 microgram (0.5 ml) 
fentanyl was administered in the lumbar 
subarachnoid space. As soon as the sensory block 
reached T5 dermatome (level of sensory block was 
tested by pin prick stimulus) the patients were placed 
in dorsal lithotomy position with 15 degree head down 
tilt when the abdomen was prepared for veress needle 
insertion. Baseline heart rate, blood pressure, 
respiratory rate & SPO2 were noted in all patients. A 
soft sealing transparent face mask with ETCO2 
sensor was then secured over the patient’s face in a 
comfortable and air tight manner in group I patients 
and ETCO2 sensor was fixed in between the 

endotracheal tube and the breathing circuit (Bain) in 
group II patients. Pneumoperitoneum was created by 
insufflating CO2 gas. Intra-abdominal pressure was 

adjusted to have a comfortable working field {mean 10 
(±2) cm H2O}. Group I patients who complained of 
neck pain, shoulder tip pain or both and for anxiety 
and abdominal discomfort inj Midazolam 2 mg and 
Tramadol 100 mg was administered slowly 
intravenously (IV). Patient has felt pain even after 
Midazolam and Tramadol administration, inj 
Ketamine 25 mg was administered slowly. In both 
groups bradycardia below 50/min was managed with 
inj Atropine 0.6 mg. Hypotension at any time during 
or after surgery was managed with inj Ephedrine 5-10 
mg intravenously intermittently upto a maximum 25 
mg. In the post-operative period pain was assessed 
using Visual Analogue Scale (VAS) and treated with 
inj Diclofenac sodium 50 mg intramuscularly. In both 
the groups, a 20-gauze polyurethane catheter was 
established in the left radial artery temporarily for 
periodical sampling of arterial blood. Blood gas 
analysis was done at time 0, 20 and 40 minutes after 
pneumoperitoneum. Pulse oximetry, noninvasive 
blood pressure and ETCO2 were recorded using 
multiparameter monitor every 5 minutes’ interval 
and ECG monitored continuously during the 
procedure. In the post-operative period ECG, pulse 
oximetry, noninvasive blood pressure was recorded at 
10 minutes’ interval. Any intra operative and 
post-operative complications were observed and 
managed accordingly. All results were expressed as 
mean ± standard deviation (SD) or in frequencies 
(percentage) as applicable. All results were compiled 
and analyzed using Student’s ‘t’ test.

Results:

Demographic profile of the patients in both the groups 
were comparable (Table I). Respiratory rate between 
the groups were almost similar (Table II).There was 
no desaturation during per operative and 
post-operative period in both groups (figure 1). In 
group I, End tidal carbon dioxide (ETCO2) increased 
in a stepwise manner over the first 10 min from 31.98 
± 4.11 mmHg to 37.53 ± 6.29 mmHg (p=0.000) and 
reached a plateau between 15th and 30th min and 

declined after deflation of pneumoperitoneum (Figure 
2). Arterial CO2 tension showed a significant increase 
at 20 min from 38.01± 4.74 mmHg to 43.88±3.95 
mmHg (p=0.000) (Table III). There was a significant 
increase in arterial to end tidal carbon dioxide tension 
from 6.03±4.55 mmHg to 6.35±4.01mmHg (p=0.000) 
(Table III). In-group II, almost similar significant 
changes occurred in arterial CO2 tension, end tidal 
CO2 tension and arterial to end tidal CO2 tension 
from baseline to 20 minutes after pneumoperitoneum 
values (Table III). All the observed changes were well 
within physiological limits. No patient had 
desaturation (Figure 1) or respiratory insufficiency.

Table – I: Personal characteristics and duration of surgery 

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups) 

Student’s  ‘t’  test was done to find out the differences 
between the groups

Table- II:  Comparison of respiratory rate  

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups)

Student’s ‘t’ test  was done to find out the differences 
between the groups.

Figure 1: Comparison between per operative and 
post operative SPO2 in two groups

Table III :  Partial pressure of CO2 in arterial blood 
and End tidal CO2 Tension Changes

Values are expressed as mean ± SD. Significant 
P <0.05 (between two groups) 
Student,s ‘t’ test  was done to find out the 
difference between groups.

PaCO2 - arterial carbon dioxide tension
ETCO2 - end tidal carbon dioxide tension
(a-E) CO2 –arterial to end tidal carbon dioxide 
tension difference 

Figure 2: Changes in End Tidal CO2 plotted 
over time  between two groups.

                   

*BD-Before deflation of pneumoperitoneum
AD- After deflation of pneumoperitoneum

Figure 3:    Arterial blood gas analysis shows 
changes in Partial

Pressure of CO2 plotted over time between two 
groups.

Discussions :
Previously spinal anaesthesia was routinely 
deferred for laparoscopic surgery because of 
thought of its suppressive effects on the 
respiratory muscle function under increased 
abdominal pressure. This study was conducted to 
find out respiratory alterations  under spinal 
anaesthesia in comparison to GA. In this study it 
has been  shown that spinal anaesthesia with  
local anesthetics and narcotic combination can 
be safely utilized without respiratory 
suppression. There was no change in the 
respiratory rate with increasing ETCO2 as the 
patient had adequate respiratory reserve. The 
ventilatory response to hypercapnia is well 
preserved under spinal anaesthesia. Ciofolo et 
al12 in their study on laparoscopy under epidural 
anaesthesia demonstrated that the arterial 

carbon dioxide level was kept unchanged by 
increased minute ventilation and respiratory 
rate during CO2 pneumoperitoneum. The 
explanations could be the intrathecal fentanyl 
shifting the CO2 response curve to the left. The 
deafferentation effect of spinal anaesthesia and 
the attending sedation cannot be ruled out from 
our present study design.

In this study the ETCO2 was increasing till 15 
min in a step wise manner and stabilized 
thereafter without any further increase till 
decompression of the pneumo peritoneum. Tan 
et al13  in their study demonstrated that 
absorption of CO2 from the peritoneal surface in 
humans during conventional laparoscopy 
stabilized around 40 ml / min in 15 min and there 
was no demonstrable increase in 30 min. Lister 
et al14 in their animal study demonstrated that, 
under general anaesthesia the CO2 elimination 
increased linearly when the intra peritoneal CO2 
insufflation pressure increased from 0 to 10 
mmHg and it did not increase any further 
despite increasing the CO2  insufflation pressure 
to 25 mmHg. In this study, the arterial carbon 
dioxide increased at 20 min with a significant 
change in arterial to end tidal CO2 difference 
from the pre pneumoperitoneum base line (table 
III). Lundh et al15 showed with multiple inert 
gas elimination technique, the ventilation 
perfusion (V/Q) and FRC to closing capacity ratio 
was unchanged under epidural anaesthesia of 
third thoracic dermatome. Similarly in our study 
population, unremarkable arterial to end tidal 
CO2 difference possibly indicate the V/ Q ratio 
and FRC was maintained by the preserved 
diaphragmatic activity.

In conscious patient with pneumoperitoneum for 
lower abdominal laparoscopic surgery under 
spinal anaesthesia, the preserved inspiratory 
diaphragmatic activity maintains ventilation 
and the gas exchange within physiological limits. 
This prospective, randomized comparative study 
between subarachnoid block and general 
anaesthesia concludes that spinal anaesthesia 
using mixtures of bupivacaine and fentanyl can 
be used as a safe alternative to general 

anaesthesia for short duration laparoscopic 
gynaecological procedures with minimum 
respiratory embarrassment even during 
pneumoperitoneum. But for the experience of 
shoulder tip/ neck pain or discomfort,  patient 
requires supplementary sedation and analgesia. 

Conclusion
Arterial and end-tidal CO2 tension changes 
during lower abdominal laparoscopic surgery 
under SAB remain within physiological limit and 
comparable to the CO2 tensions under GA.  SAB 
may be adopted in ASA physical status I and II 
patients with proper preoperative counselling. 
Hence it can be applied as a safe and alternative 
technique to GA with minimum respiratory 
alterations. 
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Introduction
Postoperative agitation, also referred to as 
emergence delirium (ED) in international 
literature, is a well-documented clinical 
phenomenon, particularly in children. EDhas 
been described as “a mental disturbance during 
the recovery from general anaesthesia consisting 
of hallucinations, delusions and confusion 
manifested by moaning, restlessness, 
involuntary physical activity, and thrashing 
about in bed.”1 It has been considered a common 
postanaesthetic problem in children as well as 
adults.2,3 ED first identified in the 1960’s when 
Eckenhoff et al.studied over 14,000 patients who 
experienced unusual post-operative behavioral 
disturbances which they termed “excitement”.4 
This occurred in 5.3% of the sample patients. 

4ED occurs during the first 30 minutes after 
emergence that the greatest incidence of 
agitation is observed, and duration is generally 
limited and recovery spontaneous.5 However, 
prolonged episodes of agitation lasting for up to 2 
days have been described.6 During an ED 
reaction, children risk injuring their surgical 
repair, themselves, and their caregivers. Their 
behaviour is disruptive to the postanaesthetic 
care unit and often requires constant nursing 
supervision. When an ED reaction occurs, all 
members of the healthcare team as well as the 
parents express dissatisfaction with the quality 
of the child’s recovery.5 These negative effects of 
ED have motivated clinicians to investigate 
possible etiologies prevention and potential 
treatments for ED.

Prevalence
This condition has been shown to occur in 5% to 
10% of general surgery patients of allages.7 The 
prevalence of ED in children generally ranges 
from 25 to 80%, depending on the definition of 
ED used to measure this phenomenon, 8 but may 
be as high as 80%.8,9 The incidence of ED largely 
depends on age, anaesthetic technique, surgical 
procedure, and application of adjunct 
medication.10

Presentation
It is characterized by mental confusion, 
irritability, disorientation, inconsolablecrying, 
and thrashing behavior. ED increased recovery 
time in the post anaesthesia recovery room, 
increasing parents concern and anxiety 
withrespect to the clinical condition of their 
children.11 Typically, these children do not 
recognize or identify familiar objects or people. 
Combative behaviour has been more often 
described than simple restlessness and 
incoherence.10 

Mechanism
Neurophysiology
The first sense to return during emergence from 
anaesthesia is hearing, a sense that is made 
possible by the synapse between the acoustic 
thalamus and the lateral nucleus of the 
amygdala.12 During post-anaesthesia recovery, 
this connection is also responsible for auditory 
fear conditioning by exaggerating an 
inappropriate response to auditory stimuli.13 
Disturbance of other important 
neurotransmitters that regulate sleep and 
arousal, specifically serotonin and 
noradrenaline, have also been associated with 
delirium.14 To date, there have been a limited 
amount of studies investigating the 
neurophysiology basis behind ED. A study by 
Yasui et al., investigated that inhalation 
anaesthetics have been known to exert transient 
paradoxical “excitatory” effects in the animals 

and human patients, more predominantly in 
children.15Another study, by Lim et al., 
attempted to explain the neurophysiology behind 
hyperexcitatory behaviors occurring after 
sevoflurane anaesthesia.16 They postulated that 
the excitation may result from the potentiation 
by sevoflurane of GABAergic depolarization/ 
excitation in neocortical neurons, cells 
implicated in the genesis of arousal and 
consciousness.
Further, a study by Murrin showed that 
neurotransmitter levels in pediatric brains were 
analogous to levels in brains that had undergone 
normal age-related changes. Diminished levels 
of ACh, dopamine, norepinephrine and 
aminobutyric acid were neurophysiological 
findings characteristic of both the geriatric and 
pediatric populations.17

Studies have identified cases of elevated serum 
cortisol levels postoperatively. This cortisol 
surge has been correlated with an increased 
incidence of post-operative confusion.18 
Intraoperative reduction in carbon dioxide (CO2) 
levels can decrease cerebral blood flow via 
vasoconstriction. Extended periods of 
hypocapnia causes damage to the caudoputamen 
and may be responsible for some of the 
characteristic symptoms of postoperative 
delirium.19 Perioperative hypoventilation results 
in elevated CO2 levels, promoting an acidotic 
state that alters consciousness. Importantly, 
altered blood oxygen levels may also contribute 
to the symptoms associated with ED.

Risk Factors
Genetics
There aretheories that support the ED is 
predicated, in large part, on the interaction 
between genes and factors imposed by surgery 
and anaesthesia.20 Agnoletti et al., hypothesized 
that certain genetic polymorphismsplayan 
important role in the immune response and 
inflammatorypathways that may predispose a 
patient to ED. 21

Age
Studies have examined the role of brain 
maturation on delirium, with some relating ED 
susceptibility in children to the development of 
the hippocampus and cholinergic function.6,22 
Diminished level of neurotransmitters and 
disturbance to these neurotransmitters has been 
implicated as precipitating factors for ED in 
children and under the age of 5 years are 
vulnerable to altered behavior upon recovery 
from anaesthesia.6

Preoperative Anxiety
Intense preoperative anxiety, both in children 
and their parents, has been associated with an 
increased likelihood of restless recovery from 
anaesthesia.23 Younger children, those with 
impulsive and emotional behavior, those who are 
less sociable and whose parents are more 
anxious, appear to be more prone to developing 
this clinical phenomenon.24,25 When children are 
separated from their parents and sent to the 
operating room alone, this is traumatic and 
increases the risk of agitation.5

Inhalation anaesthetics
The recent surge in ED cases is a reflection of the 
gaining popularity of sevoflurane and 
desflurane.26 It is believed that thelow blood 
solubility characteristic of these newer inhaled 
anaesthetics promote a rapid awakening that 
concurrentlyincreases susceptibility to ED.27 The 
causative relationship between inhalation 
anaesthetics and ED is affected by the 
concurrent use of other medications. Supporting 
the findings by Aono et al., a study by Kuratini 
and Oi, found that children anaesthetized with 
sevoflurane exhibited a greater incidence of ED 
than those anaesthetized with halothane.28

Type of Surgery
Surgical procedures that involve the tonsils, 
thyroid, middle ear, and eye have been reported 
to have higher incidences of postoperative 
agitation and restlessness.10,26 Eckenhoff et al.4 

speculated that a “sense of suffocation” during 
emergence from anaesthesia may contribute to 
ED in patients undergoing head and neck 
surgery.

Rapid Awakening
It has been known that rapid awakening after 
the use of the insoluble anaesthetics may initiate 
ED by worsening a child’s underlying sense of 
apprehension when finding himself in an 
unfamiliar environment.26 Some parents claim 
the patient’s behavior upon emergence was the 
same as when he was suddenly awakened from 
deep sleep.29 Older children and adults usually 
become oriented rapidly, whereas preschool-aged 
children, who are less able to copewith 
environmental stresses, tend to become agitated 
and delirious. 

Pain
Inadequate pain relief has been one of the 
principal confounding factors when analyzing 
trigger factors for emergence agitation. ED 
observed particularly after short surgical 
procedures for which peak effects of analgesics 
may be delayed until the child is completely 
awake.30 In several studies, the preemptive 
analgesic approach successfully reduced ED, 
suggesting that pain may be its major source.31 It 
is recommended that postoperative pain be first 
removed to exclude the cause of ED who exhibit 
signs compatible with emergence agitation.

Diagnosis and Assessment Tools
The diagnostic criteria for diagnosing ED are not 
well described. Several assessment tools have 
been established to guide diagnosis. Many scales 
have been proposed to evaluate the incidence 
and severity of ED and a variety of scales are 
used in clinical practice and for research 
purposes and measure ED in young 
children.32,33Agitation due to pain is a significant 
confounding factor for the evaluation of the 
presence or measurement of the degree of 

ED.34The Cravero scale (Table I) has five steps 
from obtunded and unresponsive to wild 
thrashing behavior requiring restraint.8 A score 
of 4 (from crying and difficult to console to wild 
thrashing) for a 5 or more min duration despite 
active calming efforts is regarded as indicative of 
ED. 
Table I: Cravero Scale

The Paediatric Anaesthesia Emergence Delirium 
(PAED) scale (Table: II) is validated but is 
difficult to use in routine clinical practice.34

Table 2: PAED Scale. Score is sum of all values.

The Watcha scale (Table:III) is a simpler tool to 
use in clinical practice and may have a higher 
overall sensitivity and specificity than  = the 
PAED and Cravero scales.35

Table 3: Watcha Scale. Score is observed value.

 
Preventive Measures
Prophylactic measures include the 
co-administration of propofol, midazolam, or 
fentanyl, but the risks associated with their use 
must be weighed against the self-limiting nature 
of ED. The efficacy of propofol is dependent on 
the timing of administration. Due to the rapid 
pharmacokinetics of propofol, a bolus may be 
given at the end of the procedure or continuous 
infusion used during maintenance of anaesthesia 
results in increased concentrations during 
emergence resulting in a decreased incidence of 
ED.36 Perioperative analgesia has been shown 
to be effective in preventing ED. Several 
analgesics have been studied for the 
preventionof ED including: fentanyl 
intravenously 10 min before the end of a 
procedure, ketamine intravenously given at the 
end of procedure, or as an oral premedication 
and alpha2adrenoreceptor agonists such as 
clonidine caudally and dexmedetomidine 
intravenously.6

Treatment
Non-Pharmacologic Treatment
There are a variety of non-pharmacological 
methods that may be effective in reducing the 
incidence of emergence delirium as well. These 
consist of a quiet induction environment with 

decreased sensory stimuli, music therapy, and 
distraction by way of videos or touch screen 
games. Interestingly, parental presence at 
induction has not been found to be consistently 
effective, although parental presence following 
emergence is helpful.37The recovery area should 
be quiet. Parental presence in the recovery area 
may or may not help.

Benzodiazepine
Despite the increased risk of ED in preoperative 
administration of benzodiazepines, several 
studies have demonstrated lower incidences of 
ED when benzodiazepines are administered in 
the perioperative stage.38 Small intravenous dose 
of midazolam administered just prior to the end 
of surgery reduced ED without delaying the 
emergence time but risk is respiratory 
depression.37

Analgesics: NSAIDs and Opioids
Pain is an important risk factor for ED, mainly in 
the pediatric population.5Adding a single 
injection of intravenous propofol and ketorolac to 
the end of a brief sevoflurane anesthetic for 
bilateral myringotomy with tube insertion was 
associated with a lower incidence of emergence 
agitation one study.39 Fentanyl, given either 
intravenously or intranasally during moderately 
painful surgery, has also been shown to decrease 
emergence agitation in children.40

Clonidine
The sedating effects of the alpha-2 receptor 
agonists clonidine reduced ED.41 Administration 
routes were intravenous or caudal. This 
reduction was seen even with good analgesia 
from caudal. As inhalational agents raise 
noradrenalin levels in the brain, the alpha-2 
receptor agonists may exert their effects 
centrally by reducing noradrenalin levels.41

Dexmedetomidine
The more selectivealpha-2 receptor agonist 
dexmedetomidine hasr elatively more safety 
profile and improved efficacy relative to other 
medications has made a preferred agent of choice 

for treatment of ED.42Studies alsofound that 
perioperative administration of 
dexmedetomidine significantly reduced the 
incidence of ED in children without increasing 
the risk of side effects.43 The main disadvantage 
of dexmedetomidine is that it remains quite 
expensive.

Ketamine
Ketamine has been one of the more extensively 
studied pharmacological agents in the 
management of ED. Debate aboutthe efficacy of 
ketamine in the management of ED is 
largelydriven by earlier studies that linked 
ketamine to an increased risk of ED.4,44 
Presently, emerging studies strongly favour 
treatment with ketamine, particularly in 
combination with dexmedetomidine. Yoon Sook 
Lee et al. found that ketamine was effective in 
the prevention of emergence agitation without 
delay in awakening and both subhypnotic doses 
of ketamine 0.25 and 0.5 mg/kg were 
effective.45Kararmaz et al concluded that oral 
ketamine was effective in reducing incidence of 
emergence agitation.44

Long Term Consequences
Although emergence delirium is transient, it has 
been found to be associated with postoperative 
maladaptive behavioural changes, with children 
who display emergence delirium being seven 
times more likely to develop postoperative 
maladaptive behaviors such as night terrors, bed 
wetting, general anxiety and loss of appetite for 
up to 2 weeks following surgery.24,46However, 
there is no evidence that ED has any impact on 
long-term outcome did not suggest a cause-effect 
relationship between these two phenomena.

Conclusion
ED is a preventable and treatable condition in 
paediatric anaesthesia. It is distressing for 
children, parents, and staff. No single factor in 
isolation could be identified as causing 
postoperative agitation, and the condition should 
be considered to be a syndrome with biological, 
pharmacological, psychological and social 

components. ED should be treated as the child 
can increase risk for injury, pain, hemorrhage, 
self-removal of intravenous cannula and 
catheters. Agitated children often face a more 
complicated and prolonged stay in the PACU, 
consisting of extensive medical regimens and 
additional ancillary staff. A reasonable number 
of diagnostic tools are currently available, each 
of which are not without limitations. A standard 
diagnostic, preventable and treatable guideline 
should be required for adverse outcomes in the 
paediatric populations.
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Introduction:
Now a days Laparoscopic Surgery is a common 
practice in modern surgical technique. Laparoscopic 
surgery includes postoperative advantages of less 
pain, fewer pulmonary complications, short hospital 
stay, early return to daily activities and low cost1. 
General Anaesthesia (GA) is considered the 
anaesthetic technique of choice for laparoscopic 
procedures including laparoscopic gynaecological 
procedures2. Many anesthesiologists and surgeons 
frequently prefer general anesthesia for the reason 
that it allows control of airways and ventilation and 
promotes muscular relaxation and prevents 
aspiration. Another reason for this popularity is that 
patients who are awake during such procedures do 
not tolerate the adverse effects from the 
pneumoperitoneum well3, 4.  However, some centers 
have been using spinal anesthesia as their first 
preference in laparoscopic surgery for a long time 3. 
The literature shows that spinal anesthesia is usually 
used in laparoscopic abdominal surgery, which 
includes cholecystectomy, diagnostic laparoscopy and 
appendectomy5. Some small series discussed spinal 
anesthesia as the sole anesthetic procedure in 
gynecological laparoscopic surgeries4. Regional 
anaesthesia as a sole technique was initially 
advocated for cases who were considered high-risk 
candidates for general anaesthesia6,7. However, 
nowadays, it is also opted as a routine technique for 
healthy patients8,9 . Studies have demonstrated that 
surgeries like laparoscopic cholecystectomy can safely 
be performed under spinal anaesthesia10. Regional 
anaesthesia in laparoscopic surgery offers some 
advantages like decreased nausea/vomiting and less 
post-operative pain. However, anxiety and other 
problems related to pneumoperitoneum like shoulder 
tip pain causes discomfort to the patients during 
these procedures under spinal anaesthesia. These 
problems can be overcome by providing proper 
sedation and analgesia.

SAB may be a safe and effective technique for short 
duration laparoscopic gynaecological procedures by 
avoiding extreme Trendelenburg position, by 
providing supplementary sedation and analgesia and 
by keeping abdominal pressure 8-10 mmHg. The 
length of surgery and surgeons experience is also an 

important factor for the success of the surgeries11. In 
this study, attempts have been taken to compare 
respiratory changes under SAB with GA for lower 
abdominal laparoscopic gynaecological procedures.

Materials and Methods:
This was a prospective comparative study. Sixty ASA 
grade I and II female patients were randomized into 
two groups by card sampling method with thirty 
patients in each group. Institutional Ethical 
Committee approval and informed written consent 
was obtained from all patients.  All patients 
underwent laparoscopic gynaecological procedures in 
Combined Military Hospital Dhaka from March to 
August 2021. Inclusion Criteria Were (1) Patients 
aged between 15-45 yrs. (2) Patients with ASA grade 
I and II. (3) Patients scheduled for short duration 
(<60 min) laparoscopic gynaecological procedure. 
Exclusion Criteria Were (1) Patient’s refusal (2) 
Patients hypersensitive to local anaesthetics (3) Short 
stature, i.e. height below 148 cm (4 feet 9 inch). (4) 
Overweight patients (Weight >110 kg)  (5) Patients 
with coagulation disorders, on anticoagulants (6) 
Patients with skin sepsis in lumbar region (7) 
Patients with pre-existing neurological disorders or 
spine deformation (8) Cases belonging to ASA grade 
III and above.

Group I patients received   lumber SAB and Group II 
received GA with propofol, halothane and fentanyl.  
After pre-operative fasting for 6 hours, with all 
asceptic precaution, group I patients were 
administered spinal anaesthesia in the sitting 
position using 27G Quincke Babcock spinal needle at 
L2- L3 inter space. A combination of 15mg (3ml) 0.5% 
hyperbaric bupivacaine and 25 microgram (0.5 ml) 
fentanyl was administered in the lumbar 
subarachnoid space. As soon as the sensory block 
reached T5 dermatome (level of sensory block was 
tested by pin prick stimulus) the patients were placed 
in dorsal lithotomy position with 15 degree head down 
tilt when the abdomen was prepared for veress needle 
insertion. Baseline heart rate, blood pressure, 
respiratory rate & SPO2 were noted in all patients. A 
soft sealing transparent face mask with ETCO2 
sensor was then secured over the patient’s face in a 
comfortable and air tight manner in group I patients 
and ETCO2 sensor was fixed in between the 

endotracheal tube and the breathing circuit (Bain) in 
group II patients. Pneumoperitoneum was created by 
insufflating CO2 gas. Intra-abdominal pressure was 

adjusted to have a comfortable working field {mean 10 
(±2) cm H2O}. Group I patients who complained of 
neck pain, shoulder tip pain or both and for anxiety 
and abdominal discomfort inj Midazolam 2 mg and 
Tramadol 100 mg was administered slowly 
intravenously (IV). Patient has felt pain even after 
Midazolam and Tramadol administration, inj 
Ketamine 25 mg was administered slowly. In both 
groups bradycardia below 50/min was managed with 
inj Atropine 0.6 mg. Hypotension at any time during 
or after surgery was managed with inj Ephedrine 5-10 
mg intravenously intermittently upto a maximum 25 
mg. In the post-operative period pain was assessed 
using Visual Analogue Scale (VAS) and treated with 
inj Diclofenac sodium 50 mg intramuscularly. In both 
the groups, a 20-gauze polyurethane catheter was 
established in the left radial artery temporarily for 
periodical sampling of arterial blood. Blood gas 
analysis was done at time 0, 20 and 40 minutes after 
pneumoperitoneum. Pulse oximetry, noninvasive 
blood pressure and ETCO2 were recorded using 
multiparameter monitor every 5 minutes’ interval 
and ECG monitored continuously during the 
procedure. In the post-operative period ECG, pulse 
oximetry, noninvasive blood pressure was recorded at 
10 minutes’ interval. Any intra operative and 
post-operative complications were observed and 
managed accordingly. All results were expressed as 
mean ± standard deviation (SD) or in frequencies 
(percentage) as applicable. All results were compiled 
and analyzed using Student’s ‘t’ test.

Results:

Demographic profile of the patients in both the groups 
were comparable (Table I). Respiratory rate between 
the groups were almost similar (Table II).There was 
no desaturation during per operative and 
post-operative period in both groups (figure 1). In 
group I, End tidal carbon dioxide (ETCO2) increased 
in a stepwise manner over the first 10 min from 31.98 
± 4.11 mmHg to 37.53 ± 6.29 mmHg (p=0.000) and 
reached a plateau between 15th and 30th min and 

declined after deflation of pneumoperitoneum (Figure 
2). Arterial CO2 tension showed a significant increase 
at 20 min from 38.01± 4.74 mmHg to 43.88±3.95 
mmHg (p=0.000) (Table III). There was a significant 
increase in arterial to end tidal carbon dioxide tension 
from 6.03±4.55 mmHg to 6.35±4.01mmHg (p=0.000) 
(Table III). In-group II, almost similar significant 
changes occurred in arterial CO2 tension, end tidal 
CO2 tension and arterial to end tidal CO2 tension 
from baseline to 20 minutes after pneumoperitoneum 
values (Table III). All the observed changes were well 
within physiological limits. No patient had 
desaturation (Figure 1) or respiratory insufficiency.

Table – I: Personal characteristics and duration of surgery 

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups) 

Student’s  ‘t’  test was done to find out the differences 
between the groups

Table- II:  Comparison of respiratory rate  

Values are expressed as mean ± SD. Significant P 
<0.05 (between two groups)

Student’s ‘t’ test  was done to find out the differences 
between the groups.

Figure 1: Comparison between per operative and 
post operative SPO2 in two groups

Table III :  Partial pressure of CO2 in arterial blood 
and End tidal CO2 Tension Changes

Values are expressed as mean ± SD. Significant 
P <0.05 (between two groups) 
Student,s ‘t’ test  was done to find out the 
difference between groups.

PaCO2 - arterial carbon dioxide tension
ETCO2 - end tidal carbon dioxide tension
(a-E) CO2 –arterial to end tidal carbon dioxide 
tension difference 

Figure 2: Changes in End Tidal CO2 plotted 
over time  between two groups.

                   

*BD-Before deflation of pneumoperitoneum
AD- After deflation of pneumoperitoneum

Figure 3:    Arterial blood gas analysis shows 
changes in Partial

Pressure of CO2 plotted over time between two 
groups.

Discussions :
Previously spinal anaesthesia was routinely 
deferred for laparoscopic surgery because of 
thought of its suppressive effects on the 
respiratory muscle function under increased 
abdominal pressure. This study was conducted to 
find out respiratory alterations  under spinal 
anaesthesia in comparison to GA. In this study it 
has been  shown that spinal anaesthesia with  
local anesthetics and narcotic combination can 
be safely utilized without respiratory 
suppression. There was no change in the 
respiratory rate with increasing ETCO2 as the 
patient had adequate respiratory reserve. The 
ventilatory response to hypercapnia is well 
preserved under spinal anaesthesia. Ciofolo et 
al12 in their study on laparoscopy under epidural 
anaesthesia demonstrated that the arterial 

carbon dioxide level was kept unchanged by 
increased minute ventilation and respiratory 
rate during CO2 pneumoperitoneum. The 
explanations could be the intrathecal fentanyl 
shifting the CO2 response curve to the left. The 
deafferentation effect of spinal anaesthesia and 
the attending sedation cannot be ruled out from 
our present study design.

In this study the ETCO2 was increasing till 15 
min in a step wise manner and stabilized 
thereafter without any further increase till 
decompression of the pneumo peritoneum. Tan 
et al13  in their study demonstrated that 
absorption of CO2 from the peritoneal surface in 
humans during conventional laparoscopy 
stabilized around 40 ml / min in 15 min and there 
was no demonstrable increase in 30 min. Lister 
et al14 in their animal study demonstrated that, 
under general anaesthesia the CO2 elimination 
increased linearly when the intra peritoneal CO2 
insufflation pressure increased from 0 to 10 
mmHg and it did not increase any further 
despite increasing the CO2  insufflation pressure 
to 25 mmHg. In this study, the arterial carbon 
dioxide increased at 20 min with a significant 
change in arterial to end tidal CO2 difference 
from the pre pneumoperitoneum base line (table 
III). Lundh et al15 showed with multiple inert 
gas elimination technique, the ventilation 
perfusion (V/Q) and FRC to closing capacity ratio 
was unchanged under epidural anaesthesia of 
third thoracic dermatome. Similarly in our study 
population, unremarkable arterial to end tidal 
CO2 difference possibly indicate the V/ Q ratio 
and FRC was maintained by the preserved 
diaphragmatic activity.

In conscious patient with pneumoperitoneum for 
lower abdominal laparoscopic surgery under 
spinal anaesthesia, the preserved inspiratory 
diaphragmatic activity maintains ventilation 
and the gas exchange within physiological limits. 
This prospective, randomized comparative study 
between subarachnoid block and general 
anaesthesia concludes that spinal anaesthesia 
using mixtures of bupivacaine and fentanyl can 
be used as a safe alternative to general 

anaesthesia for short duration laparoscopic 
gynaecological procedures with minimum 
respiratory embarrassment even during 
pneumoperitoneum. But for the experience of 
shoulder tip/ neck pain or discomfort,  patient 
requires supplementary sedation and analgesia. 

Conclusion
Arterial and end-tidal CO2 tension changes 
during lower abdominal laparoscopic surgery 
under SAB remain within physiological limit and 
comparable to the CO2 tensions under GA.  SAB 
may be adopted in ASA physical status I and II 
patients with proper preoperative counselling. 
Hence it can be applied as a safe and alternative 
technique to GA with minimum respiratory 
alterations. 
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Introduction
Postoperative agitation, also referred to as 
emergence delirium (ED) in international 
literature, is a well-documented clinical 
phenomenon, particularly in children. EDhas 
been described as “a mental disturbance during 
the recovery from general anaesthesia consisting 
of hallucinations, delusions and confusion 
manifested by moaning, restlessness, 
involuntary physical activity, and thrashing 
about in bed.”1 It has been considered a common 
postanaesthetic problem in children as well as 
adults.2,3 ED first identified in the 1960’s when 
Eckenhoff et al.studied over 14,000 patients who 
experienced unusual post-operative behavioral 
disturbances which they termed “excitement”.4 
This occurred in 5.3% of the sample patients. 

4ED occurs during the first 30 minutes after 
emergence that the greatest incidence of 
agitation is observed, and duration is generally 
limited and recovery spontaneous.5 However, 
prolonged episodes of agitation lasting for up to 2 
days have been described.6 During an ED 
reaction, children risk injuring their surgical 
repair, themselves, and their caregivers. Their 
behaviour is disruptive to the postanaesthetic 
care unit and often requires constant nursing 
supervision. When an ED reaction occurs, all 
members of the healthcare team as well as the 
parents express dissatisfaction with the quality 
of the child’s recovery.5 These negative effects of 
ED have motivated clinicians to investigate 
possible etiologies prevention and potential 
treatments for ED.

Prevalence
This condition has been shown to occur in 5% to 
10% of general surgery patients of allages.7 The 
prevalence of ED in children generally ranges 
from 25 to 80%, depending on the definition of 
ED used to measure this phenomenon, 8 but may 
be as high as 80%.8,9 The incidence of ED largely 
depends on age, anaesthetic technique, surgical 
procedure, and application of adjunct 
medication.10

Presentation
It is characterized by mental confusion, 
irritability, disorientation, inconsolablecrying, 
and thrashing behavior. ED increased recovery 
time in the post anaesthesia recovery room, 
increasing parents concern and anxiety 
withrespect to the clinical condition of their 
children.11 Typically, these children do not 
recognize or identify familiar objects or people. 
Combative behaviour has been more often 
described than simple restlessness and 
incoherence.10 

Mechanism
Neurophysiology
The first sense to return during emergence from 
anaesthesia is hearing, a sense that is made 
possible by the synapse between the acoustic 
thalamus and the lateral nucleus of the 
amygdala.12 During post-anaesthesia recovery, 
this connection is also responsible for auditory 
fear conditioning by exaggerating an 
inappropriate response to auditory stimuli.13 
Disturbance of other important 
neurotransmitters that regulate sleep and 
arousal, specifically serotonin and 
noradrenaline, have also been associated with 
delirium.14 To date, there have been a limited 
amount of studies investigating the 
neurophysiology basis behind ED. A study by 
Yasui et al., investigated that inhalation 
anaesthetics have been known to exert transient 
paradoxical “excitatory” effects in the animals 

and human patients, more predominantly in 
children.15Another study, by Lim et al., 
attempted to explain the neurophysiology behind 
hyperexcitatory behaviors occurring after 
sevoflurane anaesthesia.16 They postulated that 
the excitation may result from the potentiation 
by sevoflurane of GABAergic depolarization/ 
excitation in neocortical neurons, cells 
implicated in the genesis of arousal and 
consciousness.
Further, a study by Murrin showed that 
neurotransmitter levels in pediatric brains were 
analogous to levels in brains that had undergone 
normal age-related changes. Diminished levels 
of ACh, dopamine, norepinephrine and 
aminobutyric acid were neurophysiological 
findings characteristic of both the geriatric and 
pediatric populations.17

Studies have identified cases of elevated serum 
cortisol levels postoperatively. This cortisol 
surge has been correlated with an increased 
incidence of post-operative confusion.18 
Intraoperative reduction in carbon dioxide (CO2) 
levels can decrease cerebral blood flow via 
vasoconstriction. Extended periods of 
hypocapnia causes damage to the caudoputamen 
and may be responsible for some of the 
characteristic symptoms of postoperative 
delirium.19 Perioperative hypoventilation results 
in elevated CO2 levels, promoting an acidotic 
state that alters consciousness. Importantly, 
altered blood oxygen levels may also contribute 
to the symptoms associated with ED.

Risk Factors
Genetics
There aretheories that support the ED is 
predicated, in large part, on the interaction 
between genes and factors imposed by surgery 
and anaesthesia.20 Agnoletti et al., hypothesized 
that certain genetic polymorphismsplayan 
important role in the immune response and 
inflammatorypathways that may predispose a 
patient to ED. 21

Age
Studies have examined the role of brain 
maturation on delirium, with some relating ED 
susceptibility in children to the development of 
the hippocampus and cholinergic function.6,22 
Diminished level of neurotransmitters and 
disturbance to these neurotransmitters has been 
implicated as precipitating factors for ED in 
children and under the age of 5 years are 
vulnerable to altered behavior upon recovery 
from anaesthesia.6

Preoperative Anxiety
Intense preoperative anxiety, both in children 
and their parents, has been associated with an 
increased likelihood of restless recovery from 
anaesthesia.23 Younger children, those with 
impulsive and emotional behavior, those who are 
less sociable and whose parents are more 
anxious, appear to be more prone to developing 
this clinical phenomenon.24,25 When children are 
separated from their parents and sent to the 
operating room alone, this is traumatic and 
increases the risk of agitation.5

Inhalation anaesthetics
The recent surge in ED cases is a reflection of the 
gaining popularity of sevoflurane and 
desflurane.26 It is believed that thelow blood 
solubility characteristic of these newer inhaled 
anaesthetics promote a rapid awakening that 
concurrentlyincreases susceptibility to ED.27 The 
causative relationship between inhalation 
anaesthetics and ED is affected by the 
concurrent use of other medications. Supporting 
the findings by Aono et al., a study by Kuratini 
and Oi, found that children anaesthetized with 
sevoflurane exhibited a greater incidence of ED 
than those anaesthetized with halothane.28

Type of Surgery
Surgical procedures that involve the tonsils, 
thyroid, middle ear, and eye have been reported 
to have higher incidences of postoperative 
agitation and restlessness.10,26 Eckenhoff et al.4 

speculated that a “sense of suffocation” during 
emergence from anaesthesia may contribute to 
ED in patients undergoing head and neck 
surgery.

Rapid Awakening
It has been known that rapid awakening after 
the use of the insoluble anaesthetics may initiate 
ED by worsening a child’s underlying sense of 
apprehension when finding himself in an 
unfamiliar environment.26 Some parents claim 
the patient’s behavior upon emergence was the 
same as when he was suddenly awakened from 
deep sleep.29 Older children and adults usually 
become oriented rapidly, whereas preschool-aged 
children, who are less able to copewith 
environmental stresses, tend to become agitated 
and delirious. 

Pain
Inadequate pain relief has been one of the 
principal confounding factors when analyzing 
trigger factors for emergence agitation. ED 
observed particularly after short surgical 
procedures for which peak effects of analgesics 
may be delayed until the child is completely 
awake.30 In several studies, the preemptive 
analgesic approach successfully reduced ED, 
suggesting that pain may be its major source.31 It 
is recommended that postoperative pain be first 
removed to exclude the cause of ED who exhibit 
signs compatible with emergence agitation.

Diagnosis and Assessment Tools
The diagnostic criteria for diagnosing ED are not 
well described. Several assessment tools have 
been established to guide diagnosis. Many scales 
have been proposed to evaluate the incidence 
and severity of ED and a variety of scales are 
used in clinical practice and for research 
purposes and measure ED in young 
children.32,33Agitation due to pain is a significant 
confounding factor for the evaluation of the 
presence or measurement of the degree of 

ED.34The Cravero scale (Table I) has five steps 
from obtunded and unresponsive to wild 
thrashing behavior requiring restraint.8 A score 
of 4 (from crying and difficult to console to wild 
thrashing) for a 5 or more min duration despite 
active calming efforts is regarded as indicative of 
ED. 
Table I: Cravero Scale

The Paediatric Anaesthesia Emergence Delirium 
(PAED) scale (Table: II) is validated but is 
difficult to use in routine clinical practice.34

Table 2: PAED Scale. Score is sum of all values.

The Watcha scale (Table:III) is a simpler tool to 
use in clinical practice and may have a higher 
overall sensitivity and specificity than  = the 
PAED and Cravero scales.35

Table 3: Watcha Scale. Score is observed value.

 
Preventive Measures
Prophylactic measures include the 
co-administration of propofol, midazolam, or 
fentanyl, but the risks associated with their use 
must be weighed against the self-limiting nature 
of ED. The efficacy of propofol is dependent on 
the timing of administration. Due to the rapid 
pharmacokinetics of propofol, a bolus may be 
given at the end of the procedure or continuous 
infusion used during maintenance of anaesthesia 
results in increased concentrations during 
emergence resulting in a decreased incidence of 
ED.36 Perioperative analgesia has been shown 
to be effective in preventing ED. Several 
analgesics have been studied for the 
preventionof ED including: fentanyl 
intravenously 10 min before the end of a 
procedure, ketamine intravenously given at the 
end of procedure, or as an oral premedication 
and alpha2adrenoreceptor agonists such as 
clonidine caudally and dexmedetomidine 
intravenously.6

Treatment
Non-Pharmacologic Treatment
There are a variety of non-pharmacological 
methods that may be effective in reducing the 
incidence of emergence delirium as well. These 
consist of a quiet induction environment with 

decreased sensory stimuli, music therapy, and 
distraction by way of videos or touch screen 
games. Interestingly, parental presence at 
induction has not been found to be consistently 
effective, although parental presence following 
emergence is helpful.37The recovery area should 
be quiet. Parental presence in the recovery area 
may or may not help.

Benzodiazepine
Despite the increased risk of ED in preoperative 
administration of benzodiazepines, several 
studies have demonstrated lower incidences of 
ED when benzodiazepines are administered in 
the perioperative stage.38 Small intravenous dose 
of midazolam administered just prior to the end 
of surgery reduced ED without delaying the 
emergence time but risk is respiratory 
depression.37

Analgesics: NSAIDs and Opioids
Pain is an important risk factor for ED, mainly in 
the pediatric population.5Adding a single 
injection of intravenous propofol and ketorolac to 
the end of a brief sevoflurane anesthetic for 
bilateral myringotomy with tube insertion was 
associated with a lower incidence of emergence 
agitation one study.39 Fentanyl, given either 
intravenously or intranasally during moderately 
painful surgery, has also been shown to decrease 
emergence agitation in children.40

Clonidine
The sedating effects of the alpha-2 receptor 
agonists clonidine reduced ED.41 Administration 
routes were intravenous or caudal. This 
reduction was seen even with good analgesia 
from caudal. As inhalational agents raise 
noradrenalin levels in the brain, the alpha-2 
receptor agonists may exert their effects 
centrally by reducing noradrenalin levels.41

Dexmedetomidine
The more selectivealpha-2 receptor agonist 
dexmedetomidine hasr elatively more safety 
profile and improved efficacy relative to other 
medications has made a preferred agent of choice 

for treatment of ED.42Studies alsofound that 
perioperative administration of 
dexmedetomidine significantly reduced the 
incidence of ED in children without increasing 
the risk of side effects.43 The main disadvantage 
of dexmedetomidine is that it remains quite 
expensive.

Ketamine
Ketamine has been one of the more extensively 
studied pharmacological agents in the 
management of ED. Debate aboutthe efficacy of 
ketamine in the management of ED is 
largelydriven by earlier studies that linked 
ketamine to an increased risk of ED.4,44 
Presently, emerging studies strongly favour 
treatment with ketamine, particularly in 
combination with dexmedetomidine. Yoon Sook 
Lee et al. found that ketamine was effective in 
the prevention of emergence agitation without 
delay in awakening and both subhypnotic doses 
of ketamine 0.25 and 0.5 mg/kg were 
effective.45Kararmaz et al concluded that oral 
ketamine was effective in reducing incidence of 
emergence agitation.44

Long Term Consequences
Although emergence delirium is transient, it has 
been found to be associated with postoperative 
maladaptive behavioural changes, with children 
who display emergence delirium being seven 
times more likely to develop postoperative 
maladaptive behaviors such as night terrors, bed 
wetting, general anxiety and loss of appetite for 
up to 2 weeks following surgery.24,46However, 
there is no evidence that ED has any impact on 
long-term outcome did not suggest a cause-effect 
relationship between these two phenomena.

Conclusion
ED is a preventable and treatable condition in 
paediatric anaesthesia. It is distressing for 
children, parents, and staff. No single factor in 
isolation could be identified as causing 
postoperative agitation, and the condition should 
be considered to be a syndrome with biological, 
pharmacological, psychological and social 

components. ED should be treated as the child 
can increase risk for injury, pain, hemorrhage, 
self-removal of intravenous cannula and 
catheters. Agitated children often face a more 
complicated and prolonged stay in the PACU, 
consisting of extensive medical regimens and 
additional ancillary staff. A reasonable number 
of diagnostic tools are currently available, each 
of which are not without limitations. A standard 
diagnostic, preventable and treatable guideline 
should be required for adverse outcomes in the 
paediatric populations.
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Introduction
Postoperative agitation, also referred to as 
emergence delirium (ED) in international 
literature, is a well-documented clinical 
phenomenon, particularly in children. EDhas 
been described as “a mental disturbance during 
the recovery from general anaesthesia consisting 
of hallucinations, delusions and confusion 
manifested by moaning, restlessness, 
involuntary physical activity, and thrashing 
about in bed.”1 It has been considered a common 
postanaesthetic problem in children as well as 
adults.2,3 ED first identified in the 1960’s when 
Eckenhoff et al.studied over 14,000 patients who 
experienced unusual post-operative behavioral 
disturbances which they termed “excitement”.4 
This occurred in 5.3% of the sample patients. 

4ED occurs during the first 30 minutes after 
emergence that the greatest incidence of 
agitation is observed, and duration is generally 
limited and recovery spontaneous.5 However, 
prolonged episodes of agitation lasting for up to 2 
days have been described.6 During an ED 
reaction, children risk injuring their surgical 
repair, themselves, and their caregivers. Their 
behaviour is disruptive to the postanaesthetic 
care unit and often requires constant nursing 
supervision. When an ED reaction occurs, all 
members of the healthcare team as well as the 
parents express dissatisfaction with the quality 
of the child’s recovery.5 These negative effects of 
ED have motivated clinicians to investigate 
possible etiologies prevention and potential 
treatments for ED.

Prevalence
This condition has been shown to occur in 5% to 
10% of general surgery patients of allages.7 The 
prevalence of ED in children generally ranges 
from 25 to 80%, depending on the definition of 
ED used to measure this phenomenon, 8 but may 
be as high as 80%.8,9 The incidence of ED largely 
depends on age, anaesthetic technique, surgical 
procedure, and application of adjunct 
medication.10

Presentation
It is characterized by mental confusion, 
irritability, disorientation, inconsolablecrying, 
and thrashing behavior. ED increased recovery 
time in the post anaesthesia recovery room, 
increasing parents concern and anxiety 
withrespect to the clinical condition of their 
children.11 Typically, these children do not 
recognize or identify familiar objects or people. 
Combative behaviour has been more often 
described than simple restlessness and 
incoherence.10 

Mechanism
Neurophysiology
The first sense to return during emergence from 
anaesthesia is hearing, a sense that is made 
possible by the synapse between the acoustic 
thalamus and the lateral nucleus of the 
amygdala.12 During post-anaesthesia recovery, 
this connection is also responsible for auditory 
fear conditioning by exaggerating an 
inappropriate response to auditory stimuli.13 
Disturbance of other important 
neurotransmitters that regulate sleep and 
arousal, specifically serotonin and 
noradrenaline, have also been associated with 
delirium.14 To date, there have been a limited 
amount of studies investigating the 
neurophysiology basis behind ED. A study by 
Yasui et al., investigated that inhalation 
anaesthetics have been known to exert transient 
paradoxical “excitatory” effects in the animals 

and human patients, more predominantly in 
children.15Another study, by Lim et al., 
attempted to explain the neurophysiology behind 
hyperexcitatory behaviors occurring after 
sevoflurane anaesthesia.16 They postulated that 
the excitation may result from the potentiation 
by sevoflurane of GABAergic depolarization/ 
excitation in neocortical neurons, cells 
implicated in the genesis of arousal and 
consciousness.
Further, a study by Murrin showed that 
neurotransmitter levels in pediatric brains were 
analogous to levels in brains that had undergone 
normal age-related changes. Diminished levels 
of ACh, dopamine, norepinephrine and 
aminobutyric acid were neurophysiological 
findings characteristic of both the geriatric and 
pediatric populations.17

Studies have identified cases of elevated serum 
cortisol levels postoperatively. This cortisol 
surge has been correlated with an increased 
incidence of post-operative confusion.18 
Intraoperative reduction in carbon dioxide (CO2) 
levels can decrease cerebral blood flow via 
vasoconstriction. Extended periods of 
hypocapnia causes damage to the caudoputamen 
and may be responsible for some of the 
characteristic symptoms of postoperative 
delirium.19 Perioperative hypoventilation results 
in elevated CO2 levels, promoting an acidotic 
state that alters consciousness. Importantly, 
altered blood oxygen levels may also contribute 
to the symptoms associated with ED.

Risk Factors
Genetics
There aretheories that support the ED is 
predicated, in large part, on the interaction 
between genes and factors imposed by surgery 
and anaesthesia.20 Agnoletti et al., hypothesized 
that certain genetic polymorphismsplayan 
important role in the immune response and 
inflammatorypathways that may predispose a 
patient to ED. 21

Age
Studies have examined the role of brain 
maturation on delirium, with some relating ED 
susceptibility in children to the development of 
the hippocampus and cholinergic function.6,22 
Diminished level of neurotransmitters and 
disturbance to these neurotransmitters has been 
implicated as precipitating factors for ED in 
children and under the age of 5 years are 
vulnerable to altered behavior upon recovery 
from anaesthesia.6

Preoperative Anxiety
Intense preoperative anxiety, both in children 
and their parents, has been associated with an 
increased likelihood of restless recovery from 
anaesthesia.23 Younger children, those with 
impulsive and emotional behavior, those who are 
less sociable and whose parents are more 
anxious, appear to be more prone to developing 
this clinical phenomenon.24,25 When children are 
separated from their parents and sent to the 
operating room alone, this is traumatic and 
increases the risk of agitation.5

Inhalation anaesthetics
The recent surge in ED cases is a reflection of the 
gaining popularity of sevoflurane and 
desflurane.26 It is believed that thelow blood 
solubility characteristic of these newer inhaled 
anaesthetics promote a rapid awakening that 
concurrentlyincreases susceptibility to ED.27 The 
causative relationship between inhalation 
anaesthetics and ED is affected by the 
concurrent use of other medications. Supporting 
the findings by Aono et al., a study by Kuratini 
and Oi, found that children anaesthetized with 
sevoflurane exhibited a greater incidence of ED 
than those anaesthetized with halothane.28

Type of Surgery
Surgical procedures that involve the tonsils, 
thyroid, middle ear, and eye have been reported 
to have higher incidences of postoperative 
agitation and restlessness.10,26 Eckenhoff et al.4 

speculated that a “sense of suffocation” during 
emergence from anaesthesia may contribute to 
ED in patients undergoing head and neck 
surgery.

Rapid Awakening
It has been known that rapid awakening after 
the use of the insoluble anaesthetics may initiate 
ED by worsening a child’s underlying sense of 
apprehension when finding himself in an 
unfamiliar environment.26 Some parents claim 
the patient’s behavior upon emergence was the 
same as when he was suddenly awakened from 
deep sleep.29 Older children and adults usually 
become oriented rapidly, whereas preschool-aged 
children, who are less able to copewith 
environmental stresses, tend to become agitated 
and delirious. 

Pain
Inadequate pain relief has been one of the 
principal confounding factors when analyzing 
trigger factors for emergence agitation. ED 
observed particularly after short surgical 
procedures for which peak effects of analgesics 
may be delayed until the child is completely 
awake.30 In several studies, the preemptive 
analgesic approach successfully reduced ED, 
suggesting that pain may be its major source.31 It 
is recommended that postoperative pain be first 
removed to exclude the cause of ED who exhibit 
signs compatible with emergence agitation.

Diagnosis and Assessment Tools
The diagnostic criteria for diagnosing ED are not 
well described. Several assessment tools have 
been established to guide diagnosis. Many scales 
have been proposed to evaluate the incidence 
and severity of ED and a variety of scales are 
used in clinical practice and for research 
purposes and measure ED in young 
children.32,33Agitation due to pain is a significant 
confounding factor for the evaluation of the 
presence or measurement of the degree of 

ED.34The Cravero scale (Table I) has five steps 
from obtunded and unresponsive to wild 
thrashing behavior requiring restraint.8 A score 
of 4 (from crying and difficult to console to wild 
thrashing) for a 5 or more min duration despite 
active calming efforts is regarded as indicative of 
ED. 
Table I: Cravero Scale

The Paediatric Anaesthesia Emergence Delirium 
(PAED) scale (Table: II) is validated but is 
difficult to use in routine clinical practice.34

Table 2: PAED Scale. Score is sum of all values.

The Watcha scale (Table:III) is a simpler tool to 
use in clinical practice and may have a higher 
overall sensitivity and specificity than  = the 
PAED and Cravero scales.35

Table 3: Watcha Scale. Score is observed value.

 
Preventive Measures
Prophylactic measures include the 
co-administration of propofol, midazolam, or 
fentanyl, but the risks associated with their use 
must be weighed against the self-limiting nature 
of ED. The efficacy of propofol is dependent on 
the timing of administration. Due to the rapid 
pharmacokinetics of propofol, a bolus may be 
given at the end of the procedure or continuous 
infusion used during maintenance of anaesthesia 
results in increased concentrations during 
emergence resulting in a decreased incidence of 
ED.36 Perioperative analgesia has been shown 
to be effective in preventing ED. Several 
analgesics have been studied for the 
preventionof ED including: fentanyl 
intravenously 10 min before the end of a 
procedure, ketamine intravenously given at the 
end of procedure, or as an oral premedication 
and alpha2adrenoreceptor agonists such as 
clonidine caudally and dexmedetomidine 
intravenously.6

Treatment
Non-Pharmacologic Treatment
There are a variety of non-pharmacological 
methods that may be effective in reducing the 
incidence of emergence delirium as well. These 
consist of a quiet induction environment with 

decreased sensory stimuli, music therapy, and 
distraction by way of videos or touch screen 
games. Interestingly, parental presence at 
induction has not been found to be consistently 
effective, although parental presence following 
emergence is helpful.37The recovery area should 
be quiet. Parental presence in the recovery area 
may or may not help.

Benzodiazepine
Despite the increased risk of ED in preoperative 
administration of benzodiazepines, several 
studies have demonstrated lower incidences of 
ED when benzodiazepines are administered in 
the perioperative stage.38 Small intravenous dose 
of midazolam administered just prior to the end 
of surgery reduced ED without delaying the 
emergence time but risk is respiratory 
depression.37

Analgesics: NSAIDs and Opioids
Pain is an important risk factor for ED, mainly in 
the pediatric population.5Adding a single 
injection of intravenous propofol and ketorolac to 
the end of a brief sevoflurane anesthetic for 
bilateral myringotomy with tube insertion was 
associated with a lower incidence of emergence 
agitation one study.39 Fentanyl, given either 
intravenously or intranasally during moderately 
painful surgery, has also been shown to decrease 
emergence agitation in children.40

Clonidine
The sedating effects of the alpha-2 receptor 
agonists clonidine reduced ED.41 Administration 
routes were intravenous or caudal. This 
reduction was seen even with good analgesia 
from caudal. As inhalational agents raise 
noradrenalin levels in the brain, the alpha-2 
receptor agonists may exert their effects 
centrally by reducing noradrenalin levels.41

Dexmedetomidine
The more selectivealpha-2 receptor agonist 
dexmedetomidine hasr elatively more safety 
profile and improved efficacy relative to other 
medications has made a preferred agent of choice 

for treatment of ED.42Studies alsofound that 
perioperative administration of 
dexmedetomidine significantly reduced the 
incidence of ED in children without increasing 
the risk of side effects.43 The main disadvantage 
of dexmedetomidine is that it remains quite 
expensive.

Ketamine
Ketamine has been one of the more extensively 
studied pharmacological agents in the 
management of ED. Debate aboutthe efficacy of 
ketamine in the management of ED is 
largelydriven by earlier studies that linked 
ketamine to an increased risk of ED.4,44 
Presently, emerging studies strongly favour 
treatment with ketamine, particularly in 
combination with dexmedetomidine. Yoon Sook 
Lee et al. found that ketamine was effective in 
the prevention of emergence agitation without 
delay in awakening and both subhypnotic doses 
of ketamine 0.25 and 0.5 mg/kg were 
effective.45Kararmaz et al concluded that oral 
ketamine was effective in reducing incidence of 
emergence agitation.44

Long Term Consequences
Although emergence delirium is transient, it has 
been found to be associated with postoperative 
maladaptive behavioural changes, with children 
who display emergence delirium being seven 
times more likely to develop postoperative 
maladaptive behaviors such as night terrors, bed 
wetting, general anxiety and loss of appetite for 
up to 2 weeks following surgery.24,46However, 
there is no evidence that ED has any impact on 
long-term outcome did not suggest a cause-effect 
relationship between these two phenomena.

Conclusion
ED is a preventable and treatable condition in 
paediatric anaesthesia. It is distressing for 
children, parents, and staff. No single factor in 
isolation could be identified as causing 
postoperative agitation, and the condition should 
be considered to be a syndrome with biological, 
pharmacological, psychological and social 

components. ED should be treated as the child 
can increase risk for injury, pain, hemorrhage, 
self-removal of intravenous cannula and 
catheters. Agitated children often face a more 
complicated and prolonged stay in the PACU, 
consisting of extensive medical regimens and 
additional ancillary staff. A reasonable number 
of diagnostic tools are currently available, each 
of which are not without limitations. A standard 
diagnostic, preventable and treatable guideline 
should be required for adverse outcomes in the 
paediatric populations.
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Introduction:
The technique of anaesthesia normally used for 
breast cancer surgery is general anaesthesia, 
which almost always combining intravenous and 
inhalational agents. The downside of general 
anaesthesia includes inadequate pain control 
due to a lack of analgesia, and a high incidence of 
nausea and vomiting; increasing the length of 
hospitalization.1 Other controversial effects of 
general anaesthesia in oncologic patients are 
related with depression of the immune system.2

Breast cancer is the most common cancer in 
women worldwide, with more than one million 
new cases diagnosed every year.3 The incidence 
of breast malignant neoplasia, as well as the 
need of surgical treatment, has increased 
probably due to prevention campaigns and 
modern diagnostic modalities. Nowadays, 
surgical intervention is more conservative but in 
most cases partial or total mastectomy 
associated with axillary exploration to remove 
lymph nodes for staging or immune-chemical 
testing is still necessary.4 Simple mastectomy 
with axillary dissection is the most common 
surgery for breast cancer patients in our country. 
This procedure is frequently associated with 
peroperative bleeding, unstable haemodynamics, 
postoperative pain, nausea and vomiting, which 
lead not only to increased patients suffering, but 
also to a prolongation of hospital stays and 
related costs. Intraoperative stable 
haemodynamics and optimum treatment for 
postoperative pain has been of fundamental 
importance in surgical patient care.
Acute postoperative pain is an integral risk 
factor in the development of chronic pain after 
breast cancer surgery. 40 % of women will have 
severe acute postoperative pain after breast 
cancer surgery, potentially disrupting the 
quality of postoperative recovery.5 Hazards of 
postoperative pain including unstable 
haemodynamics, nausea and vomiting, which 
lead not only to increased patients suffering, but 
also to a prolongation of hospital stays and 
related costs.
Adequate postoperative pain management is 
possible, if it is initiated from premedication, 
maintained intraoperatively and continued 
during the entire recovery period.6 Different 

management strategies and interventions 
during perioperative period are available and 
continue to evolve in this regard. Traditionally, 
narcotics have been used for analgesia after 
breast surgery. However, these agents have 
unpleasant side effects like nausea, vomiting, 
sedation, pruritus, constipation and respiratory 
depression specially in case of elderly and obese 
patients. These adverse effects can be avoided by 
reducing the dose of opioid despite maintaining 
the analgesia and ensuring patient satisfaction. 
Many local anaesthetics and other adjuvant 
drugs are being investigated for use in this 
technique, in order to improve the quality of 
analgesia and reduce adverse effects. Intercostal 
nerve blockade (INB) is an alternative technique 
to improve postoperative pain.7

INB can be achieved intermittently, 
continuously, or permanently, depending on the 
technique used. It may provide relatively 
well-defined anatomical coverage, making them 
both an excellent diagnostic tool and a reliable 
therapeutic procedure.8 It may inhibit the 
post-operative stress response, reduce opioid 
consumption, promote early tracheal extubation, 
shorten duration of hospital stay, attenuate 
postoperative pain and contribute to 
postoperative recovery in patients. Apart from 
the beneficial effects of intercostal nerve blocks, 
there are some disadvantages of this invasive 
procedure. Prolonged blockade requires either 
multiple reinsertions with the attendant risk of 
pneumothorax, placement of a catheter for bolus 
dosing or continuous infusion 9, injection with a 
neurolytic agent10  or cryoablation.11 Another 
important risk to keep in mind is local 
anaesthetic toxicity. Blood levels of local 
anaesthetic after intercostal blockade and 
interpleural analgesia are significantly greater 
than after any other frequently performed 
regional anaesthetic techniques.12 There are 
sporadic case reports of other types of 
complications. Haematoma has occurred in a 
heparinized patient.13 Bilateral intercostal nerve 
blocks have resulted in postoperative respiratory 
failure in patients with preoperative pulmonary 
compromise.14 Motor blockade and the loss of 
accessory respiratory muscle function were the 
hypothesized etiologic mechanisms. In a study 
looking at the efficacy of continuous epidural 

versus intercostal analgesia, one intercostal 
catheter led to rib osteomyelitis which had to be 
treated surgically. Intraoperative intercostal 
nerve block performed by the surgical team has 
resulted in total spinal anaesthesia. Presumably, 
this serious complication occurred because of the 
proximity of the injections to spinal nerve roots.15

Paravertebral neural block has also occurred 
with attempted intercostal nerve block during 
surgery.16

Many other drugs, have been investigated with 
different doses and routes to produce 
perioperative haemodynamic stability and 
analgesia. These include oral acetaminophen, 
NSAIDs, gabapentinoids, tramadol, clonidine 
epidural administration of opioids and local 
anaesthetics and multimodal combinations. The 
above mentioned drugs and routes are associated 
with some unwanted effects. So, it is logical to 
investigate newer agents with different 
approaches to achieve the best possible outcome. 
The dexmedetomidine is a potent and highly 
selective α-2 adrenoceptor agonist with some 
special characteristics. It has sedative, analgesic, 
amnestic, anxiolytic, sympatholytic, 
anti-shivering and antisialogogue activities.17 
Intraoperative administration of intravenous 
dexmedetomidine produces an anesthetic- 
sparing effect.18 It is approved by the USA Food 
and Drug Administration (FDA) for sedation in 
the intensive care unit (ICU). The analgesic 
action of dexmedetomidine are proposed to 
involve both spinal and supraspinal 
mechanisms. Regarding the spinal mechanism, 
alpha-2 receptors are also located in the α-2C 
and α-2A receptors, situated in the neurons of 
dorsal horn especially lamina II 
(substantiagelatinosa) of the spinal cord and it 
act on both pre and postsynaptic mechanisms to 
produce antinociception 

This hyperpolarized state makes the generation 
of new action potentials virtually impossible, and 
refractory to further stimulation.21

Suggested supraspinal mechanism is activation 
of α-2A receptors at the locus coeruleus in the 
brain stem causing decrease in nor epinephrine 
release from pre-synaptic neurons with 
inhibition of postsynaptic activation.22

Intraoperative administration of 
dexmedetomidine maintained hemodynamic 
stability by attenuating the stress induced 
sympathoadrenal responses to intubation, 
surgery and also emergence from anesthesia.23 It 
reduces nociceptive input, increases the 
nociception threshold, and reduces activation of 
nociceptive receptors prior to the surgical 
incision.24 The haemodynamic effects of 
dexmedetomidine is dose related and biphasic 
(low, then high) for mean arterial pressure, 
pulmonary arterial pressure, and vascular 
resistances.25 At lower doses, its dominant action 
is hypotension and bradycardia due to α-2A 
receptor mediated sympatholysis located at locus 
coeruleus.26 At higher doses, the hypertensive 
action dominates via the activation of alpha-2B 
adrenoceptors located on the smooth muscle cells 
in the resistance vessels.27 Dexmedetomidine 
causes a mild increase in PaCO2 and a decrease 
in minute ventilation with a minimal change in 
respiratory rate which is not clinically 
significant.28 In addition, it does not cause 
respiratory depression or decrease arterial 
oxygen saturation. Dexmedetomidine can 
potentially offer a superior analgesic effect 
compared to clonidine.29

In our country, few articles published on 
dexmedetomidine and intravenous 
dexmedetomidine not yet done on simple 
mastectomy with axillary dissection in 
Bangladesh. It was assumed that 
dexmedetomidine may be an alternative to 
intercostal nerve blocks for patients undergoing 
simple mastectomy with axillary dissection 
under general anaesthesia.
This study evaluate the effectiveness of 
intravenous dexmedetomidine compared to 
intercostal nerve blocks in patients undergoing 
simple mastectomy with axillary dissection 
under General anaesthesia.

Methodology 
It was a single-blindedprospectiverandomized 
comparative study. The study was conducted at 
BSMMU after permission from the Institutional 
Review Board. 60 female patients aged between 
30 and 50 years were enrolled in this study, who 
were suffering from breast cancer and selected 

for simple mastectomy with axillary dissection. 
Informed consent was taken from the patient. 
Assessment of physical status of the patient were 
done following American Society of 
Anaesthesiology (ASA) physical status and ASA 
I or ASA II only were included in the study.
The study was single-blinded; therefore the 
patients were unaware of the study group 
allocation. However, the investigator was aware 
of the type of the drugs/techniques used in the 
investigation. Patients were interviewed for a 
detailed medical and drug history and 
underwent physical examinations the day before 
surgery to verify whether she fulfilled the 
inclusions criteria. All the investigations were 
reviewed. Before the surgery, the patients were 
instructed clearly about the use of the visual 
analogue scale (VAS- 0 no pain, and 10 worst 
pain possible) and the other procedure in details. 
All patients were under routine preoperative 
fasting for 6 hours and were not permitted to 
drink for 2 hours.
The patients were randomly allocated into two 
equal groups using a sealed envelope technique 
by supervisor. Group A received general 
anaesthesia with intravenous dexmedetomidine 
and Group B received general anaesthesia with 
intercostal nerve blocks.
Preoperative heart rate, systolic blood pressure, 
diastolic blood pressure and mean arterial 
pressure were recorded 20 minutes before the 
induction of anaesthesia in both group A and 
group B by the investigator.
General anaesthesia induced in both group A and 
B using 1.5 µg/kg fentanyl, 1.5 mg/kg propofol and 
1.5-2 mg/kg suxamethonium. Appropriate size of 
endotracheal tube used for tracheal intubation 
and the correct position of the tube determined by 
auscultation of breath sounds. Mechanical 
ventilation and tidal volume (8-10 ml/kg) was 
regulated under a maintained respiratory rate 
and end tidal CO2 (35±5 mmHg). After 
confirmation and fixation of the endotracheal 
tube, 0.1mg/kg vecuronium was given to the 
patients when respiration restarted. To maintain 
anaesthesia and analgesia, halothane 0.6%, N2O 
66%, O2 33% and 0.04 mg/kg vecuronium was 
given according to the anaesthesia status and 
muscle relaxation in both groups.

In group A, dexmedetomidine (vial contains 200 
µg/2ml) one vial had been diluted in 0.9% normal 
saline and 50 ml solution were made containing 
dexmedetomidine 4 µg/ml. The total volume 
infused to the patient by investigator was 0.25 
ml/kg of solution, which started 20 minutes 
before induction of anaesthesia at the rate of 1 
ml (15 drops) per minute.
In group B, after general anaesthesia, intercostal 
nerve blocks were given by the investigator 3rd 
to 6th intercostal space in the midaxillary line at 
the same side of the operation. With all aseptic 
precaution and after proper cleaning 3rd rib in 
the midaxillary line was identified. The skin was 
drawn cephalad with the palpating hand by 
about 1 cm. A 4 to 5 cm, 22 gauge needle was 
introduced through the chosen entry site at a 20 
degree cephalad angle with the bevel facing 
cephalad. The needle was advanced until it 
contacted the rib. With the palpating hand 
holding the needle firmly and resting securely on 
the patient’s skin, the injecting hand gently 
“walks” the needle caudally while the skin was 
allowed to move back over the rib. The needle 
was then advanced further a few mm, while 
maintaining the 20 degree tilt angle cephalad. 
After negative aspiration for blood, 4ml 0.25% of 
bupivacaine was injected. The 4th, 5th and 6th 
intercostal nerve blocks had been induced by the 
same procedure.During surgery, patient’s 
haemodynamic status (pulse, blood pressure) 
were carefully recorded in every patients at 
different time intervals (during induction, 15 
minutes interval upto 30 minutes and 30 
minutes interval uptoextubation). Patient was 
reversed with neostigmine 0.05 mg/kg and 
atropine 0.02 mg/kg and extubation was done 
when adequate spontaneous ventilation 
resumed.Following surgery, time to achieve 
adequate recovery ( ModifiedAldrete Score 9-10 ) 
was recorded in every patients. Pain intensity 
was recorded using a Visual Analog Scale (VAS) 
score in recovery room and postoperative ward 
for 6 hours: just after induction, 15 minutes 
interval upto 30 minutes, 30 minutes interval 
upto 2 hours then 1 hour interval upto 4 hours 
and 2 hours interval upto 6 hours.Patient was 
also be observed for the time of rescue analgesic 
requirement (time from extubation to the time 
postoperatively, when pain reported by patient ≥ 

5 on Visual Analogue Scale, injection pethidine 
1.5mg/kg I/M was administered).After 
completion of the surgery level of sedation was 
assessed by using Ramsay Sedation Score; just 
after induction, 15 minutes interval upto 30 
minutes, 30 minutes interval upto 2 hours then1 
hour interval upto 4 hours and 2 hours interval 
upto 6 hours.Surgeon satisfaction was also 
assessed using a 5 point Likert Scale on the basis 
of anaesthetic techniques where 1 equals to very 
dissatisfied, 2 equals to dissatisfied, 3 equals to 
neutral, 4 equals to satisfied and 5 equals to very 
satisfied.Any adverse events like hypotension, 
bradycardia, hypertension, tachycardia, 
respiratory depression, nausea, vomiting or 
allergic manifestations if occurred was recorded 
and treated accordingly.

Results
Table I shows mean age, height, weight and ASA 
Grade almost similar in two groups. The 
difference was statistically not significant 
(p>0.05) between two groups.
Mean age (years) of the patient was 38.9 ± 5.7 in 
group-A and 41.0±4.8 in group-B.
Among them maximum and minimum age was 
50 years and 30 years in group-A and 50 years 
and 34 years in group-B.
Mean weight (kg) of the patient was 55.9±10.1 in 
group-A and 60.5±10.4 in group-B and maximum 
and minimum weight was 70kg and 48 kg in 
group-A and 80 kg and 43 kg in groupB.Mean 
height (cm) of the patient was 157.9±4.1 in 
group-A and 159.1±3.2 in group-B andamong 
them maximum and minimum height was 165 
cm and 145 cm in group-A and 168 cm and 145 
cm in group-B.Out of 30 patients 18 (60%) 
patients was ASA grade I and 12 (40%) patients 
was ASA grade II in group-A and 16 (55%) 
patients was ASA grade I and 14 (45%) patients 
was ASA grade II in group-B.Table II shows 
mean duration of anaesthesia and surgery of the 
study patients, it was observed that the mean 
duration of anaesthesia and surgery was 
statistically not significant (p>0.05) between two 
groups.
Maximum and minimum duration of 
anaesthesia was 148 minutes and 112 minutes in 

group-A and 149 minutes and 130 minutes in 
group-B. Duration of surgery was maximum 120 
minutes and minimum 90 minutes in group-A 
and 120 minutes and 95 minutes in group-B.
Table I : Demography of patients between two 
groups. 

Unpaired t-test were performed for age, height 
and weight, p value < 0.05 was considered as 
significant.Chi-Square test was performed for 
ASA grade, p value < 0.05 was considered as 
significant.
Table II : Duration of anaesthesia and surgery in 
both groups (N=60)
 

ns= not significant
Unpaired t-test were performed for duration of 
anaesthesia and surgery, p value < 0.05 was 
considered as significant.
Figure 1 showing the mean HR, SBP, DBP and 
induction of the study patients. It was observed 
that relatively higher in group B than group A. 

But significant (p>0.05) between two groups.
MAP starting at 20 minutes before mean HR, 
SBP, DBP and MAP was the difference was 
statistically n 

Figure 1 : Preoperative mean HR, SBP, DBP and 
MAP of the study groups
Unpaired t-test were performed to measure HR, 
SBP, DBP and MAP, p value < 0.05 was 
considered as significant.

 
  

Figure 2 : Intraoperative mean heart rate in 
different follow up
Unpaired t-test was performed to measure 
intraoperative HR, p value < 0.05 was considered 
as significant.
Figure 3 shows intraoperative systolic blood 
pressure in different follow up of the study 
patients. It was observed that mean systolic 
blood pressure was relatively higher in group B 
than group A. But the difference was statistically 
not significant (p>0.05) between two groups.
Figure 4 shows intraoperative diastolic blood 
pressure in different follow up of the study 
patients. It was observed that mean diastolic 
blood pressure was slight higher in group B than 
group A. But the difference was statistically not 
significant (p>0.05) between two groups.
Figure 5 shows mean arterial pressure in 
different follow up of the study patients. It was 

observed that mean arterial pressure was 
relatively higher in group B than group A. But 
the difference was statistically not significant 
(p>0.05) between two groups.

 
 

Figure 3 : Intraoperative mean systolic blood 
pressure in different follow up
Unpaired t-test was performed to measure 
intraoperative SBP, p value < 0.05 was 
considered as significant.
 

 

Figure 4 : Intraoperative mean diastolic blood 
pressure in different follow up
Unpaired t-test was performed to measure 
intraoperative DBP, p value < 0.05 was 
considered as significant.
 

Figure 5 : Intraoperative mean arterial pressure 
in different follow up

Unpaired t-test was performed to measure 
intraoperative MAP, p value < 0.05 was 
considered as significant. 
Figure 6 shows postoperative visual analogue 
scale score in different follow up of the study 
patients. It was observed that mean VAS score 
was higher in group A than group B in every 
follow up. But the difference was statistically not 
significant (p>0.05) between two groups.
Table III shows the time of rescue analgesic 
requirement in postoperative period of the study 
patients, it was observed that mean time of 
analgesic requirement was earlier in group A 
than group B. The difference was statistically 
significant (p<0.05) between two groups

Figure  6  :  Postoperative  visual analog  scale  
scores  of the  study  groups in different follow up
Unpaired t-test was performed to measure 
postoperative VAS, p value < 0.05 was 
considered as significant.
Table III : Time of rescue analgesic requirement 
in postoperative period (N=60)

s=significant

Unpaired t-test was performed to measure 
postoperative mean time of rescue analgesic 
requirement, p value < 0.05 was considered as 
significant.
Figure 7 shows Ramsay Sedation Score at 
different follow up of the study patients in the 
postoperative period. It was observed that 
sedation score was higher in group A than group 
B in every follow up. But the difference was 
statistically not significant (p>0.05) between two 
groups.
Table IV shows time to achieve adequate 
recovery, score 9-10 by Modified Aldrete 
Recovery score after extubation. It was observed 
that Modified Aldrete Recovery score fulfilled (9 
-10) earlier by group B patients than group A. 
But the difference was statistically not 
significant (p>0.05) between two groups.
Table V shows surgeon satisfaction after 
operation, it was observed that majority of the 
surgeon satisfied in both group A and in group B. 
The difference was statistically not significant 
(p>0.05) between two groups.

Figure 7 : Postoperative mean sedation score at 
different intervals of the study group 
Unpaired t-test was performed to measure 
postoperative mean sedation score, p value < 
0.05 was considered as significant.

Table IV : Time to achieve adequate recovery 
(Modified Aldrete Recovery score,
N=60)

ns=not significant
Chi-Square test  was performed for recovery 
score, p value < 0.05 was considered as
significant.
Table V : Surgeon satisfaction of the study 
patients using Likert Scale (N=60)

ns=not significant
Chi-Square  test was  performed for 
surgeon  satisfaction  score, p  value  <  0.05  
wasconsidered as significant. 

Discussion:
This single-blinded randomized comparative 
study was carried out with an aim to 

effectiveness of intravenous dexmedetomidine 
compared to intercostal nerve blocks in patients 
undergoing simple mastectomy with axillary 
dissection under general anaesthesia regarding 
intraoperative haemodynamic status, 
postoperative intensity of pain, time of 
postoperative rescue analgesic requirement, 
recovery condition, sedation level and surgeon 
satisfaction. A total of 60 patients with 
carcinoma of breast scheduled for unilateral 
simple mastectomy with axillary dissection, aged 
30-50 years and ASA grade I and II were enrolled 
in the study and they were randomly allocated 
into two equal groups. 
In this present study, mean age, height and 
weight was almost similar in group A and in 
group B. Although, all above parameters were 
slightly higher in group B than group A but the 
difference was statistically not significant 
between the two groups.  About 60% patients had 
ASA Grade I and 40% patients had ASA Grade II 
in group A and 55% patients had ASA Grade I 
and 45% patients had ASA Grade II in group B. 
The difference was statistically not significant 
between these two groups. Beegum et al. (2015) 
in their study observed that, “Postoperative   
Analgesic Requirements in Patients Receiving 
Intra-operative dexmedetomidine Infusion” had 
no significant differences in comparability 
between either groups with regard to age, weight 
and ASA grades.30

Barletta et al. (2009); Arain et al. (2004); Gurbet 
et al. (2006) also found no significant differences 
between patient groups in their age, weight, 
height and ASA physical status.31,32

In this present study, it was observed that the 
mean duration of anaesthesia and surgery were 
relatively higher in group B than group A. It was 
may be due to extra time required to give 
intercostal nerve blocks in group B patients after 
anaesthesia. But the difference was statistically 
not significant between two groups. However, 
Syal and Chandel (2017) compared the 
post-operative analgesic effect of paravertebral 
block, pectoral nerve block and local infiltration 
in patients undergoing modified radical 

mastectomy and found no significant difference 
in mean duration of surgery in all groups.33

Abdelmageed et al. (2011); Gurbet et al. (2006) 
also found no significant differences between 
patient groups in their durations of anesthesia 
and surgery. But they did not compare the 
intravenous dexmedetomidine with INB, which 
was different from this study. 34,35

In the study, preoperative haemodynamics were 
measured at 20 minutes before induction and it 
was not statistically significant may be due to 
patients were either normotensive or well 
controlled hypertension in both groups. During 
induction mean HR, SBP, DBP and MAP was 
relatively higher in group B than group A 
possibly due to intubation reflex which was 
attenuated by intravenous dexmedetomidine in 
group A (Scheinin et al. 1992.).36

But the difference was statistically not 
significant between two groups. Moreover, it was 
observed HR, SBP, DBP and MAP after 15 
minutes, 30 minutes, 60 minutes, 90 minutes, 
120 minutes and 160 minutes in group A and in 
group B. All the times HR, SBP, DBP and MAP 
were almost similar in both groups. The 
difference was statistically not significant. 
Sarkar et al. (2018) observed in their study 
compared epidural bupivacaine and 
dexmedetomidine with bupivacaine and fentanyl 
for postoperative pain relief in lower limb 
orthopedic surgery and found that at baseline 
(immediately after epidural block) heart rate of 
group II was higher than that of group I.37 
Between-group difference in heart rate was not 
found to be statistically significant at any of the 
periods of their observation. Between-group 
differences of SBP was not found to be 
statistically significant at any of the periods of 
observation of their study population except at 
120 min and 180 min. DBP of group I was found 
to be higher than that of group II. At all time 
periods of observation except at 2 min, 3 min, 4 
min, 75 min, 90 min, and 4 h, DBP of group I was 
found to be higher than that of group II. 
Difference in diastolic blood pressure of above 
two groups was not found to be statistically 

significant at any of the periods of observation. 
The observation time and pattern were not 
similar to this study. These findings were also 
supported by other studies (Arain et al. 2004; 
Gurbet et al. 2006; Mandal et al. 2011; Martin et 
al. 2003).35,38,39,40

In this study shows visual analogue scale score 
after operation was almost similar between two 
groups. Mean VAS at 15 minutes was 3.92±0.50 
in group A and 3.65±0.66 in group B and at 360 
minutes was 5.40±0.67 in group A and 5.10±0.72 
in group B. The difference was statistically not 
significant between two groups. There was also 
no significant difference between the two group 
mean VAS scores at each time point assessed in 
the PACU and on the ward after surgery, and the 
same was true for the mean VAS scores in the 
postoperative period (Gurbet et al. 
2006).35Abdelmageed et al. (2011) study found 
VAS scores of the two groups during the first 12 
hours after surgery. VAS scores were similar in 
the two groups thereafter.34 The mean VAS 
scores were never >5 in the dexmedetomidine 
group during the first 2 hours after surgery. 
Mean time of rescue analgesic requirement of the 
study patients in this study was observed 
postoperatively. It was observed that mean time 
of rescue analgesic requirement was earlier in 
group A than group B. This may be due to 
intercostal nerve blocks provide more analgesia 
than intravenous dexmedetomidine. The 
difference was statistically significant between 
two groups. Sarkar et al. (2018) study found the 
first analgesic requirement in group II 
(Dexmedetomidine group) was earlier as 
compared to group I (Fentanyl group). Difference 
in time of first analgesic requirement between 
the above two groups was found to be statistically 
significant.37 The period between extubation and 
the first analgesic request in the PACU was 
significantly longer in the dexmedetomidine 
group as compared to the placebo group 
(Abdelmageed et al. 2011). Beegum et al. (2015) 
also found time of first analgesic administration 
was significantly delayed by 3.9 hours in the 
intervention group compared to control group 
(t=9.68, p<0.001). 34,30

In this present study, Aldrete Recovery Score 
fulfilled earlier by group B patients than group A 
and Ramsay Sedation Score was higher in group 
A than group B in every follow up. This was due 
to sedative effects of intravenous 
dexmedetomidine (Carollo et al. 2008 and Venn 
et al. 1999). But the difference was statistically 
not significant between two groups.41,42

Arain et al. (2004) observed that sedation scores 
were changed from pre surgery baseline during 
recovery periods was significantly slower in the 
PACU in the dexmedetomidine-treated 
patients.38 All these patients recovered without 
any specific treatment. The sedation scores did 
not differ significantly between the two groups 
during the 48 hours after surgery (Abdelmageed 
et al. 2011). Gurbet et al. (2006) study also found 
sedation scores were also similar between two 
group at all corresponding times throughout the 
48-hr period of observation.34,35

In this study, Surgeon Satisfaction was assessed 
using a 5 point Likert Scale on the basis of 
anaesthetic technique where 1 equals to very 
dissatisfied, 2 equals to dissatisfied, 3 equals to 
neutral, 4 equals to satisfied and 5 equals to very 
satisfied, it was observed that majority of the 
surgeon were very satisfied in group A (93.3%) and 
in group B (86.7%). The difference was 
statistically not significant (p>0.05) between two 
groups. Alhashemi (2006) observed that forty-four 
patients undergoing cataract surgery under 
peribulbaranaesthesia randomly received either iv 
dexmedetomidine 1 µg kg−1 over 10 min followed 
by 0.1–0.7 µg kg−1 h−1 iv infusion (Group D) or 
midazolam 20 µg kg−1 iv followed by 0.5 mg iv 
boluses as required (Group M). Surgeon 
satisfaction was comparable in both groups.43It 
was observed that 6.67% patient had bradycardia 
and 3.33% patient had hypotension in group A and 
6.67% patient had hypertension and 3.33% patient 
had tachycardia in group B. Dexmedetomidine 
provide postsynaptic activation of central α2A 
receptors results in sympatholytic effect leading to 
hypotension and bradycardia in group A. In group 
B both hypertension and tachycardia may be due 
to pain and the possible cause of pain was 

inadequate intercostal nerve blocks. Demographic 
variables, duration of anaesthesia and surgery, 
preoperative and intraoperative haemodynamics, 
postoperative VAS, sedation score, time to achieve 
adequate recovery and surgeon satisfaction score 
was statistically not significant between two 
groups in this study. Only time of rescue analgesic 
requirement in postoperative period was 
statistically significant but clinically it was less 
significant. Adverse events that occurs 
intraoperatively were managed without any 
complications.
Conclusion:
Intravenous dexmedetomidine may be an 
alternative to intercostal nerve blocks in patients 
undergoing simple mastectomy with axillary 
dissection under general anaesthesia as it 
provided stable intraoperative haemodynamics, 
reduced blood loss and analgesic requirement, 
smooth recovery, postoperative sedation level 
and surgeon satisfaction as well as intercostal 
nerve blocks.
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