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Abstract 

Background: Surgical intensive care unit (SICU) cases re-
quire persistent and efficient pain relief with insignificant ad-
verse reactions, and intravenous morphine alone isn’t always 
effective in this situation. Adverse reactions to opioids, such as 
nausea, vomiting, and drowsiness, frequently restrict the pain 
treatment following surgery. 

Aim of Study: To investigate the analgesic impact of keta-
mine in pain treatment following surgery as well as its effect on 
morphine consumption and adverse events. 

Patients and Methods: This prospective, randomized re-
search has been performed on 100 cases scheduled to have 
major abdominal surgery and divided randomly into 2 groups: 
Group I: 50 cases received Morphine + Ketamine, and Group 
II: 50 patients received Morphine in Al-Azhar University from 
Jan. 2022 to Feb. 2023. 

Results: A statistically significant variance was observed 
among both groups according to morphine consumption and re-
garding visual analogue score (VAS) at rest at 6, 12, 18, and 24 
hours, while a statistically insignificant variance was observed 
among both groups according to side effects incidence, type 
of operation carried out, intraoperative dosage of sufentanil, as 
well as SAPS II. 

Conclusion: It is obvious that low-dose ketamine is safe 
for administration and improves analgesia following surgery. 
Ketamine is a drug that has the potential to decrease postoper-
ative opioid consumption, pain score, and adverse effects when 
administered at low dosages. 
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Introduction 

SICU cases require persistent and efficient pain re-
lief with no significant adverse reactions, and intra-
venous morphine alone isn’t always effective in this 
situation [1]. 

Actually, the nociceptive inputs of cases in the 
Surgical intensive care unit have sources and se-
verity levels that exceed those generated by tissue 
damage. Hyperalgesia and allodynia are the primary 
pathologic pain states that may be produced. Con-
sequently, morphine might be less efficient regard-
less of its increased consumption [2]. This morphine 
tolerance is an early process that is facilitated by 
paradoxical nociceptive stimulus. 2 studies have in-
dicated N-methyl-d-aspartate (NMDA) receptors in 
these phenomena [3]. 

Ketamine is the most extensively investigated 
general anesthetic in the quest for strategies to reg-
ulate the systemic perioperative cytokine reaction. 
Ketamine is an anesthetic as well as an analgesic 
that is considered to be highly potent. Ketamine 
that was administered intravenously throughout 
anesthesia in adults resulted in a reduction in pain 
severity following surgery for a period of up to 48 
hours, a delay in the initial demand for analgesia, 
and a reduction in the total 24-hour morphine con-
sumption [4]. 

According to the most recent ketamine rec-
ommendations, there is evidence of a level I opi-
oid-sparing benefit, in addition to evidence of lev-
el II anti-hyperalgesia and opioid tolerance safety 
impacts, in addition to a decrease in persistent pain 
following surgery [5]. 
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The influence of ketamine on perioperative in-
flammatory reactions was investigated in cases who 
were undergoing cardiac operations with cardio-
pulmonary bypass (CPB), off-pump heart surgery, 
hysterectomy, and abdominal operation. Dosages 
varied from a single additional small dosage to full 
narcotic dosages of ketamine with racemic drug 
or S- (+), the most pharmacologically active keta-
mine. Immune-modulating properties were identi-
fied in ketamine. Ketamine is also purported to be 
a distinctive anti-inflammatory drug that prevents a 
systemic response with no affecting local healing 
processes [6]. 

The research aimed to assess the ketamine anal-
gesic effect in postoperative pain management and 
its effect on morphine consumption and adverse 
events. 

Patients and Methods 

This prospective, randomized research has been 
performed on 100 cases scheduled to have ma-
jor abdominal surgery and divided randomly into 
2 groups: Group I: 50 cases received Morphine + 
Ketamine, and Group II: 50 patients received Mor-
phine in Al-Azhar University from Jan. 2022 to Feb. 
2023. 

Inclusion criteria: 
Adult patients older than 18 years who have been 

scheduled to have a major abdominal operation. 

Exclusion criteria: 
Cases with severe cardiovascular conditions 

(ejection fraction less than thirty%), impaired kid-
ney function (creatinine clearance less than thirty 
mL/min), or that were incapable of comprehending 
the utilize of patient-controlled analgesia (PCA). 

Sample size: 
This investigation depends on the research con-

ducted by Guillou et al. [7]. The following assump-
tions were taken into account when calculating the 
sample size using Epi Info STATCALC: - A power 
of 80% and a two-sided confidence level of 95%. At 
48 hours, the mean morphine consumption for the 
morphine group was 80±37, with an α error of 5% 
and the mean consumption at 48 hours of morphine 
for the morphine and ketamine groups was 58±35. 
The final maximum sample size obtained from the 
Epi-Info output was 89. Therefore, the sample size 
was raised to 100 participants to assume any drop 
out cases through follow-up: Morphine group: 50 
patients and morphine and ketamine group: 50 pa-
tients. 

Methods: 
Pre-operative: Before the operation, cases have 

been advised regarding the use of the VAS and PCA. 
Oral midazolam was administered to each patient 
90 minutes prior to the operation. 

During surgery: Propofol (two mg/kg) or thi-
opental (ten mg/kg) were administered to induce 
general anesthesia. Isoflurane, Nitrous oxide, atra-
curium, as well as sufentanil were utilized to sus-
tain anesthesia. Both an arterial radial catheter 
and a central venous catheter were inserted. Blood 
pressure, capnography, pulse oximetry, electrocar-
diograms, and central venous pressure were con-
tinuously monitored. If the central venous pressure 
dropped below 3cm H2O during the surgical proce-
dure, crystalloids were given, and if the case’s level 
of hemoglobin dropped below 7.0g/dL, packed red 
blood cells were administered. No antagonists were 
utilized at the end of the operation. 

Following the operation: Cases received treat-
ment in the Surgical intensive care unit for a min-
imum of forty-eight hours. Upon admission, the 
nurse responsible for the case’s care reported the 
visual analogue score for pain while the patient 
was conscious. The nurse shifted the cursor of the 
100-millimeter horizontal line from the point “no 
pain” to the point “worst pain imaginable,” as the 
case indicated with their head or hand, if feasi-
ble, where the nurse must stop. The distance in 
mm among the patient’s designated point and “no 
pain” was recorded. Then, subjects were random-
ly assigned to take morphine PCA with either ket-
amine or a placebo. Morphine was present in the 
patient-controlled analgesia device at a concen-
tration of one mg/ml. Each case was administered 
initial loading dosages of two milligrams of mor-
phine until their visual analogue score was below 
thirty. Subsequently, they were permitted to receive 
bolus dosages of morphine (1mg every seven min-
utes) without any restrictions. During the first 24 
hours, the ketamine group received an initial bolus 
of 0.5mg/kg, then a perfusion of 2µg. kg

-1
. min

-1
, as 

well as a perfusion of 1µg · kg
-1

. min
-1 

 in the sub-
sequent 24 hours. Ketamine was given separately. 
Ketamine was substituted with saline serum in the 
morphine group and administered under similar sit-
uations. A placebo or Ketamine has been given con-
currently with morphinetitration. The syringes of 
placebo or ketamine were prepared by a nurse who 
wasn’t involved in the patients’ care. During their 
stay in the SICU, patients weren’t administered any 
further analgesia or sedation. 

Statistical analysis of the data: The IBM SPSS 
software package version 20.0 was utilized for ana-
lyzing the data that was inputted into the computer. 
(Armonk, NY: IBM Corp.) Numbers and percent-
ages were utilized for describing qualitative data. 
The normality of the distribution was confirmed 
utilizing the Kolmogorov-Smirnov test. Range 
(minimum & maximum), mean, standard deviation, 
median, and interquartile range (IQR) were utilized 
for describing quantitative data. The outcomes were 
assessed at the 5% level of significance. The fol-
lowing tests were conducted: The chi-square test is 
utilized for assessing categorical variables among 
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various groups. When a predicted count over twenty 
percent of the cells is lower than five, the chi-square 
test is corrected using Fisher’s Exact or Monte Car-
lo. The student t-test is a statistical test utilized for 
comparing 2 groups of normally distributed quanti-
tative variables. Paired t-test: A statistical test that 
is utilized for comparing 2 periods of normally 
distributed quantitative variables. Mann-Whitney 
test: A statistical test that is utilized for comparing 2 
groups of quantitative variables that are abnormally 
distributed. The Wilcoxon signed rank test is uti-
lizedfor comparing 2 periods of abnormally distrib-
uted quantitative variables. 

Results 

According to demographic data, Table (1) shows 
a statistically insignificant variance among both 
groups according to sex and age. 

Table (2) shows a statistically insignificant vari-
ance among both groups according tooperation type 
carried out, intraoperative dosage of sufentanil and 
SAPS II. 

Table (3) shows a statistically insignificant var-
iance among both groups according to VAS at rest 
at 0 hours and 6 hours, while a statistically signif-
icant variance was observed among the examined 
patients according to VAS at rest at 12, 18, and 24 
hours. 

Table (4) demonstrates a statistically insignifi-
cant variance was observed among both groups ac-
cording to VAS at rest at 0 hour, while a statistically 
significant variance was observed among the exam-
ined patients according to VAS at rest at 6, 12, 18, 
and 24 hours. 

Table (5) demonstratesa statistically significant 
variancea mong both groups according to morphine 
consumption. 

According to side effects, Table (6) demon-
strates a statistically insignificant variance among 
both groups according to side effects incidence. 

Table (1): Distribution of general characteristics among both 
groups. 

Morphine + Ketamine 
group 
N=50 

Morphine 
group 
N=50 

p-
value 

Age (years): 
Mean ± SD 

Sex: 
Male 
Female 

57±18.5 

32 (64%) 
18 (36%) 

56±17.5 

37 (74%) 
13 (26%) 

0.78 

0.27 

p-value >0.05: Insignificant. 
p-value <0.05 is statistically significant. 
p<0.001 is greatly significant. 
SD: Standard deviation. 

Table (2): Distribution of type of surgery carried outand intra-
operative dosage of sufentanil among both groups. 

Morphine + 
Ketamine group 

N=50 

Morphine 
group 
N=50 

p-
value 

Type of Surgery 
Performed: 

Hepatectomy 27 (54%) 22 (44%) 0.51 
Esophageal surgery 10 (20%) 10 (20%) 
Others 13 (26%) 18 (36%) 

Intraoperative 
sufentanil dose (mcg): 

Mean ± SD 147±66 142±60 0.69 

SAPS II: 
Mean ± SD 28±8 29±9 0.55 

SAPS: Simplified Acute Physiology Score. 

Table (3): Distribution of visual analog scale score at rest 
through the 24 hours among both groups. 

Morphine + 
Ketamine group 

N=50 

Morphine 
group 
N=50 

p- 
value 

VAS at rest: 

0 hour 37.6±2.3 38.2±1.2 0.1 

6 hours 26.9±1.4 27.3±1.4 0.15 

12 hours 20±1.1 24.2±1.2 <0.001 

18 hours 22.4±1.25 25.1±1.36 <0.001 

24 hours 24.7±1.32 26.5±1.36 <0.001 

Table (4): Distribution of visual analog scale score at mobiliza-
tion through the 24 hours among both groups. 

Morphine + 
Ketamine group 

N=50 

VAS at mobilzation: 

0 hour 39.7±1.4 40.2±1.3 0.06 

6 hours 44.6±1.7 42.3±1.36 <0.001 

12 hours 38.4±1.62 39.3±1.63 0.006 

18 hours 37.6±1.5 40.3±1.44 <0.001 

24 hours 37.9±1.7 40.1±1.8 <0.001 

Table (5): Distribution of morphine consumption at 48h among 
both groups. 

Morphine + Morphine 
Ketamine group 

N=50 
group 
N=50 

p-
value 

Morphine consumption 
mg: 

Mean ± SD 56.7±34.2 82.3±36.5 <0.001 
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Table (6): Distribution of side effects incidence among both 
groups. 

Morphine + 
Ketamine group 

N=50 

Morphine 
group 
N=50 

P-
value 

Side Effects: 

Nausea 3 (6%) 5 (10%) 0.4 

Confusion 3 (6%) 3 (6%) 1 

Hallucinations 2 (4%) 2 (4%) 1 

Hypoventilation 2 (4%) 4 (%) 0.39 

Pruritus 2 (4%) 2 (4%) 1 

Discussion 

PCA with IV opioids is a well-known method 
for managing pain following major surgery. This 
method improves patient satisfaction and coopera-
tion, in addition to adjusting the degree of pain con-
trol more effectively compared to IV bolus dosages 
[8]. 

Adverse reactions to opioids, such as nausea, 
vomiting, and drowsiness, frequently restrict the 
management of pain after surgery. When opioids 
are administered in large quantities for an extended 
period, they can induce acute tolerance, that exacer-
bates pain control and, more seriously, respiratory 
and hemodynamic depression [9]. 

The stimulation of NMDA receptor through no-
ciceptive stimulation results in hyperexcitability, a 
process that plays a role in the pathophysiology of 
acute pain. Ketamine, a non-competitive NMDA 
antagonist, provides an anti-hyperalgesic impact by 
modulating central sensitization & causing a spe-
cific NMDA blockade at sub-anesthetic dosages 
[10,11]. 

Regarding demographic findings, this study re-
vealed that a statistically insignificant variance was 
observed among the examined cases according to 
sex and age. 

Similarly, our outcomesagreed with those of 
Guillou et al., [7], who assessed the analgesic effi-
cacy of ketamine in the pain treatment in a SICU 
following a major abdominal operation. Cases were 
administered morphine PCA in conjunction with ei-
ther ketamine (Group K) or a placebo (Group M). 
They revealed insignificant variance among both 
groups according to age and sex. 

Also, this study was consistent with AbdelRady 
et al., [12], who assessed the preventive impacts of 
low dosages of ketamine given before the skin inci-
sion in abdominal operation to evaluate the analge-
sic effectiveness and intra-operative and post-oper-
ative adverse reactions. They reported insignificant  

variance among the ketamine and control groups 
according to age and sex. 

As well, our outcomes are in agreement with 
those of Atif et al., [13] who evaluated the impact of 
a subanesthetic dosage of ketamine on narcotic con-
sumption as well as the postoperative pain scores of 
cases having abdominal surgery under general anes-
thesia. They revealed insignificant variance among 
the ketamine and control groups according to age 
& sex. 

Recent research reported that a statistically in-
significant variance was observed among the exam-
ined patients according to the surgery type carried 
out, the intraoperative dosage of sufentanil, as well 
as SAPS II. 

According to our outcomes, Guillou et al., [7] 
demonstrated that a statistically insignificant vari-
ance was observed among both studied groups re-
garding type of surgery carried out, dosage of sufen-
tanil utilized throughout the surgery and SAPS II 
(Simplified Acute Physiology Score). 

Also, Abdel Rady et al., [12] reported a statis-
tically insignificant variance among the ketamine 
and control groups according to the type of surgery 
performed. 

Our findings demonstrated a statistically insig-
nificant variance among the examined patients ac-
cording to VAS at rest at 0 hours and 6 hours, while 
a statistically significant variance was observed 
among the examined patients according to VAS at 
rest at 12, 18, and 24 hours. 

Similarly, our outcomes agreed with those of 
AbdelRady et al., [12], who demonstrated that visual 
analogue score scores at rest and movement were 
significantly reduced in the ketamine group. The 
ketamine group showed reduced visual analogue 
score scores at nearly all-time intervals, and the var-
iance in VAS scores among both groups became sta-
tistically significant at nearly all-time intervals prior 
to thirty-six hours. 

Also, this study was consistent with Atif et al., 
[13] who documented a statistically significant var-
iance among the ketamine group and controls re-
garding VAS pain scores at 1-, 3-, 6-, and 12-hour 
intervals. Nevertheless, the variance of the pain 
score at twenty-four hours among both groups was 
insignificant. 

The recent research demonstrated a statistically 
significant variance among the examined patients 
according to morphine consumption at 48 hours. 
Conversely, we observed a statistically insignificant 
variance among the examined patients based on the 
incidence of side effects. 

Also, our outcomes agreed with Guillou et al., 
[7], who demonstrated that it was observed that the 
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decrease in morphine consumption was more signif-
icant in Group K throughout the initial hours fol-
lowing admission to the SICU, and the cumulative 
consumption of morphine was significantly lower. 
They found that the incidence of adverse reactions 
was comparable in both groups. 

Similarly, our research agreed with Abdel Rady 
et al., [12] , reported that the ketamine and control 
groups demonstrated a significant variance in the 
total quantity of postoperative morphine consump-
tion. However, we observed a statistically insignifi-
cant variance in side effects between both groups. 

As well, Atif et al., [13] established that intra-
operative low-dosage ketamine produced effective 
analgesia within the initial 12 hours following sur-
gery, as evidenced by the significantly declined total 
morphine consumption and lower pain scores. 

In 2015, a review of the of the literature con-
ducted by Jouguelet-Lacoste et al., [14] who aimed 
to investigate the evidence that supports the utili-
zation of low-dosage intravenous infusions of keta-
mine for the treatment of perioperative pain. Their 
investigation involved thirty-nine clinical trials that 
evaluated the efficacy of a continuous infusion or 
a bolus of low-dosage ketamine for analgesia fol-
lowing surgery. The primary endpoint was a decline 
in pain scores or a decrease in opioid consumption. 
The theory that ketamine’s advantages are primarily 
derived from a decrease in opioid burden rather than 
a decline in pain scores was generally supported by 
their review. 

The analgesic efficiency of ketamine adminis-
tered perioperatively throughout the acute postop-
erative period has been shown in numerous studies 
[15,16]. A systematic study established the analgesic 
advantages of ketamine, particularly in surgeries 
with a high degree of pain following surgery [16] 
and when combined with morphine to reduce mor-
phine consumption [17]. 

Conclusion: 
It is obvious that low-dose ketamine is safe for 

administration and improves analgesia following 
surgery. Ketamine is a drug that has the potential 
to decrease postoperative opioid consumption, pain 
score, and adverse effects when administered at low 
dosages. 
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