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Abstract: Background: Pain management after surgery is a challenging medical issue, and clinical research in this 
area has continued. This study aimed to compare the effect of Aminophylline, ketamine, and paracetamol on the 
pain intensity after deep vitrectomy and compare it with the control group. Methods: In this clinical trial, 240 pa-
tients undergoing deep vitrectomy were included in the study. The protocol of the current study was approved in the 
Ethics committee of Isfahan University of Medical Sciences (IR.MUI.REC.1396.3.876) and this study was registered 
in Iranian Registry of Clinical Trials (IRCT20210919052523N1) (https://www.irct.ir/trial/58884). The patients were 
randomly divided into four equal groups. Twenty minutes before surgery, in the first group, 0.15 mg/kg ketamine, 
in the second group 1 g acetaminophen, in the third group 3 mg/kg of aminophylline, and in the fourth group, 
normal saline was infused in the same manner. All drugs were diluted with 100 ccs of normal saline and infused 
intravenously within 15 minutes. The four groups of hemodynamic variables, pain intensity, and rescue analgesic 
drugs were compared. Results: There was no significant difference between the groups based on hemodynamic 
variables (P>0.05). The severity of pain up to 2 hours after surgery and the rescue to analgesia in the ketamine and 
paracetamol groups were significantly lower than that of aminophylline and placebo. Conclusion: Using ketamine 
or paracetamol effectively decreases pain intensity after deep vitrectomy surgery without producing significant 
adverse hemodynamic changes.
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Introduction

Acute pain during and after surgery is one of 
the most unpleasant side effects. It is influ-
enced by different factors and various pharma-
cological and non-pharmacological approaches 
[1-5]. Acute pain can lead to many acute (tachy-
cardia, myocardial ischemia, ileus and hyper-
glycemia) and chronic (delayed recovery and 
chronic pain) complications [6]. Proper post-
operative pain control can lead to reduced suf-
fering, earlier returning to normal activities, 
shortened period of hospitalization, reduced 
hospital costs and increased patient satisfac-
tion [7]. Deep Vitrectomy is one of the painful 
ocular operations. Therefore, pain control has 
high clinical importance in these patients.

Due to the increased average age of the 
patients undergoing surgeries, these patients 
need efficient postoperative pain control as 

younger patients do; therefore, it seems neces-
sary to research postoperative pain manage-
ment. Opioids still play an essential role in post-
operative pain control. Still, they are associat- 
ed with dose-dependent side effects like res- 
piratory depression, nausea, vomiting, urinary 
retention, itching, confusion, and postoperative 
ileus. Therefore, we need other analgesic drugs 
with fewer side effects [8].

Ketamine is an anesthetic drug with analgesic 
effects by suppressing N-Methyl-D-aspartate 
receptors and can be administered through 
intravenous, intramuscular, oral, and rectal 
routes [9, 10]. One study used ketamine five 
minutes before hysterectomy surgery and stat-
ed that it has led to decreased need for analge-
sic drugs after surgery [11]. In another study, 
using ketamine in low doses before lower 
extremity, tonsillectomy, and gynecologic sur-
geries led to less postoperative pain [12, 13]. 
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Also, in another study, using morphine with low 
doses of ketamine simultaneously has led to 
better efficacy of morphine in postoperative 
pain control [14]. Ketamine can cause side 
effects like increased intracranial pressure, 
intraocular pressure, and myocardial oxygen 
consumption [15].

Paracetamol is a non-steroidal anti-inflamma-
tory drug that, along with its analgesic effects, 
can have side effects such as tachycardia, 
hypertension, hepatotoxicity, and nephrotoxici-
ty [16]. The maximum dose of paracetamol for 
adults is 4 grams per day and 2 grams per day 
for alcoholics, and the use of paracetamol for 
pain control has been discussed in some stud-
ies [17].

Aminophylline is a component of xanthine com-
pounds that can bronchodilation and interact 
with xanthine-containing compounds such as 
coffee. Some studies have pointed to the anal-
gesic effects of aminophylline [18]. Compli- 
cations of aminophylline include tachycardia, 
restlessness, nausea and vomiting and mild 
respiratory and cardiac output suppression. 
Different studies have indicated various anal-
gesic properties for these drugs and stated 
that each has specific complications [17, 18].

Due to the side effects of conventional analge-
sic drugs such as opioids, there is a marked 
necessity for other analgesic drugs with fewer 
side effects. Since we found no proper compar-
ison between the three mentioned analgesics, 
especially in ocular operations, we decided to 
design this research.

Materials and methods

Study design

This study was a double-blind randomized clini-
cal trial (physician and patient are unaware of 
the type of medication used) in Feiz university 
hospital, Isfahan, Iran 2016-2017. This study 
has the approval of the protocol of the study in 
the Ethical committee (IR.MUI.REC.1396.3.876) 
and registration of study in the Iranian Registry 
of Clinical Trials (IRCT20210919052523N1).

Inclusion and exclusion criteria

The inclusion criteria were age between 40-80 
years, American society of anesthesiologists 
(ASA) physical status I or II, candidates of deep 

vitrectomy, no pregnancy, no history of smok-
ing, drugs and alcohol abuse, no history of any 
liver diseases and cardiac arrhythmia, no his-
tory of ischemic heart diseases and heart valve 
diseases, hypertension and sinus tachycardia, 
weight less than 100 kg, no reports of chronic 
pain lasting more than six months, no history of 
allergy to drugs, aminophylline or non-steroidal 
anti-inflammatory drugs (NSAIDs), no obvious 
preoperative anxiety and no history of taking 
anti-anxiety drugs and signing the written in- 
formed consent to participate in this study. 
Exclusion criteria were the patient’s cardiac 
arrest or any complications that required an 
alteration in anesthesia methods, an increase 
in heart rate above 80 beats per minute, and if 
they declared that they did not consent to con-
tinue participation in the study.

Groupings and interventions

After taking written consent from patients and 
making the fundamental adjustments, patients 
were randomly divided into four groups in the 
operating room: group 1, ketamine recipients 
(group k), group 2, acetaminophen recipients 
(group P), group 3 (aminophylline recipients) 
and group 4 (placebo).

General anesthesia was used in all patients by 
injecting Thiopental sodium 5 mg/kg, fentanyl 
2 mg/kg, and Atracurium 0.5 mg/kg intrave-
nously; if necessary, a quarter of this dose was 
repeated when needed. Anesthesia was main-
tained in both groups using isoflurane 1.2% 
and the combination of oxygen and N2O 50% 
each. All patients received a 5 ml/kg intrave-
nous infusion of Ringer lactate solution before 
induction of anesthesia to prevent hypoten-
sion. Then, in coordination with the surgeon 
approximately 20 minutes before surgery end- 
ed, about 0.15 mg/kg of ketamine was injected 
intravenously in the first group, in the second 
group, patients received 1 g acetaminophen 
intravenous infusion, and in the third group, 
patients were given 3 mg/kg of aminophylline 
intravenous infusion within 15 minutes. N/S 
diluted all to a volume of 100 ccs, and the 
patients in the fourth group received 100 ml of 
sterile normal saline in the same manner.

Additional procedures 

If systolic blood pressure drops above 20%  
of baseline before induction of anesthesia or 
heart rate is below 40 beats per minute, it was 
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tively, and z1-α/2 and z1-β were calculated at 
1.96 and 0.84, respectively, according to the 
standard distribution table. ES is Cohen’s effect 
size, considered 0.5 in the present study. Thus, 
the sample size was 60 patients in each group. 
The collected data were entered into the com-
puter and analyzed by SPSS 24 software. To 
analyze the data, descriptive statistics, includ-
ing frequency tables and central and dispersion 
indices, were used to describe the essential 
characteristics of the subjects. Data were ana-
lyzed using repeated measures ANOVA and 
Friedman tests to compare the changes in the 
variables during the intervention, and one-way 
ANOVA, Kruskal-Wallis, Chi-square, and Fisher 
exact tests were used to compare the four 
groups. The significance level was considered 
0.05 in all tests.

Results

Study population 

In this study, 240 patients were randomly divid-
ed into four groups, including ketamine (31 
males and 29 females), acetaminophen (35 
males and 25 females), aminophylline (34 ma- 
les and 26 females) and placebo (41 males and 
19 females) (Figure 1). There was no significant 
difference between these groups based on age 
and sex (P>0.05). There was also no significant 
difference between the groups based on recov-
ery time (P = 0.11) (Table 1).

Comparison of hemodynamics

There was no significant difference between 
these four groups based on mean arterial pres-
sure (MAP), heart rate, and respiratory rate at 
times 0, 15, and 30 min, 2, 4, 8, and 24 hours 
postoperatively (P>0.05) (Table 2).

Pain assessments

There was a significant difference between the 
groups according to the intensity of pain at 0, 
15, and 30 minutes and 2 hours after surgery 
(P<0.001) based on the POST HOC test. At all-
time points, there was a significant difference 
between ketamine with aminophylline and pla-
cebo (P<0.001). There was also a considerable 
difference between acetaminophen with ami-
nophylline and placebo (P<0.001). But there 
was no significant difference between ket-

initially treated by intravenous fluid administra-
tion. If no responses were detected, patients 
were given ephedrine or atropine, respectively. 
Reducing anesthetics was considered in case 
of hypotension that did not respond to a fluid 
replacement or bradycardia treatment. In both 
groups, we discontinued isoflurane at the end 
of the surgery, and when the eye dressing was 
complete, we discontinued N2O. The lungs were 
ventilated with 100% oxygen at 4 L/min until 
the patient’s spontaneous ventilation began. 
Neuromuscular block was reversed by neostig-
mine at a dose of 0.04 mg/kg and atropine 
0.02 mg/kg and the patient was awakened and 
the endotracheal tube was removed.

After surgery, patients were transferred to the 
recovery room and ophthalmology department 
afterward. In addition, to make the study dou-
ble-blinded, two individuals were used for the 
operation as the anesthesiologist prescribed 
the medication, and another person, unaware 
of the type of the prescribed medication, was in 
charge of collecting data.

Data collection

After the patients were transferred to recovery 
(postanesthesia care unit), the pain intensity 
was measured based on the Visual Analogue 
Scale (VAS). According to this criteria, the 
patient’s pain is scored from 0 (no pain) to 10 
(highest pain). The measured hemodynamic 
variables included mean arterial pressure 
(MAP), heart rate (HR), and respiratory rate 
(RR). The definition of mean arterial pressure 
(MAP) is the average arterial pressure through-
out one cardiac cycle, systole, and diastole. 
These data were measured on arrival to recov-
ery and then at 15 and 30 minutes, 2, 4, 8, and 
24 after entry to the recovery unit. Intravenous 
pethidine was injected at a dose of 0.5 mg/kg 
if the pain intensity was more than three based 
on VAS criteria. The recovery time was also 
recorded. Total analgesic consumption was re- 
corded at the end of 24 hours according to VAS 
criteria. Recovery time was also registered.

Statistical analysis

According to the sample size formula, 1-α and 
1-β are confidence levels and test power, which 
have been considered 0.95 and 0.80, respec-
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Table 1. Demographic variables studied in groups

Variable Ketamine group Acetaminophen 
group

Aminophylline 
group Placebo group P-value

Age [24] 58.12 ± 11.08 59.41 ± 9.99 59.30 ± 10.68 59.44 ± 9.59 0.88*
Sex Man 31 (51.7%) 35 (58.3%) 34 (56.7%) 41 (68.3%) 0.30**

Female 29 (48.3%) 25 (41.7%) 26 (43.3%) 19 (31.7%)
Duration of recovery (minute) 34.14 ± 4.95 35.84 ± 6.87 33.82 ± 7.03 36.22 ± 6.65 0.11*
*One way ANOVA, **Chi Square.

Figure 1. Consort diagram of enrollment and exclusion of patients from study.

amine and acetaminophen as well as amino-
phylline and placebo (P>0.05). Therefore, pain 
intensity in ketamine and acetaminophen gr- 
oups was significantly lower than in aminophyl-
line and placebo until 2 hours after surgery. On 
the other hand, there was a significant differ-
ence between the groups according to the ne- 
ed for analgesics (P<0.001) so that the need 
for analgesics was lower in the ketamine,  
acetaminophen, aminophylline, and placebo 

groups, respectively (Table 3). No significant 
drug-induced side effects or other complica-
tions were seen in the study groups.

Discussion

According to the results of this study, ketamine 
and acetaminophen are more effective drugs 
for controlling postoperative pain and the need 
for analgesics than aminophylline and placebo 
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Table 2. Hemodynamic variables studied in the postoperative groups

Variable Ketamine group Acetaminophen 
group

Aminophylline 
group Placebo group P-value*

Mean arterial pressure 
(MAP) (mmhg)

0 87.53 ± 12.80 89.01 ± 17.01 82.24 ± 14.34 85.58 ± 10.60 0.10
15 m 85.84 ± 12.56 90.14 ± 11.95 86.02 ± 15.58 85.01 ± 11.06 0.21
30 m 82.39 ± 11.77 87.32 ± 8.83 82.75 ± 14.86 82.98 ± 12.69 0.18
2 h 83.69 ± 9.34 83.73 ± 12.57 83.45 ± 14.37 87.89 ± 14.13 0.20
4 h 84.23 ± 10.65 79.97 ± 10.93 85.03 ± 13.61 85.66 ± 12.86 0.12
8 h 80.22 ± 9.71 80.51 ± 9.24 80.20 ± 8.20 78.13 ± 5.75 0.41
24 h 79.75 ± 7.96 78.94 ± 9.90 78.88 ± 8.97 76.82 ± 8.43 0.36

heart rate (beat per 
minute)

0 79.71 ± 15.52 78.21 ± 11.24 79.53 ± 9.35 83.51 ± 15.78 0.15
15 m 77.46 ± 12.91 77.24 ± 10.76 76.98 ± 9.74 82.24 ± 15.62 0.08
30 m 74.03 ± 11.37 76.27 ± 11.04 73.87 ± 8.96 77.98 ± 11.93 0.13
2 h 73.21 ± 13.36 76.64 ± 11.29 74.29 ± 9.61 78.03 ± 16.45 0.18
4 h 74.10 ± 10.87 75.55 ± 9.17 74.03 ± 6.71 77.20 ± 9.73 0.20
8 h 78.85 ± 4.72 76.81 ± 9.84 79.53 ± 10.30 78.70 ± 12.41 0.48
24 h 75.78 ± 8.90 74.06 ± 9.27 77.16 ± 11.56 77.61 ± 6.43 0.15

Respiratory rate 0 21.46 ± 8.76 21.61 ± 4.79 23.13 ± 4.61 23.01 ± 3.31 0.23
15 m 18.81 ± 2.09 19.87 ± 2.52 19.43 ± 2.30 19.49 ± 2.34 0.10
30 m 18.36 ± 2.89 19.01 ± 2.71 19.28 ± 1.23 19.10 ± 1.63 0.13
2 h 19.23 ± 1.60 18.60 ± 3.34 19.95 ± 2.78 19.59 ± 1.74 0.07
4 h 19.83 ± 0.90 19.12 ± 2.89 20.71 ± 2.95 19.62 ± 2.42 0.09
8 h 19.21 ± 2.01 18.61 ± 2.87 19.63 ± 2.36 19.50 ± 2.33 0.10
24 h 17.27 ± 3.17 17.47 ± 2.45 17.74 ± 2.39 17.37 ± 3.33 0.83

*One-way ANOVA.

Table 3. Postoperative pain and need for analgesic in groups

Variable Ketamine 
group

Acetaminophen 
group

Aminophylline 
group

Placebo 
group P-value

Pain intensity 0 5.63 ± 1.09 5.98 ± 1.13 7.21 ± 1.06 7.45 ± 1.33 <0.001*
15 m 4.68 ± 1.07 4.98 ± 1.13 6.05 ± 1.06 6.45 ± 1.33 <0.001*
30 m 3.91 ± 1.13 4.60 ± 1.21 4.50 ± 1.15 6.01 ± 1.24 <0.001*
2 h 3.03 ± 1.19 3.03 ± 0.99 3.60 ± 1.13 4.93 ± 1.29 <0.001*
4 h 1.68 ± 0.84 1.32 ± 1.17 1.74 ± 0.77 1.49 ± 1.15 0.11*
8 h 0.77 ± 0.82 0.50 ± 0.80 0.60 ± 0.73 0.67 ± 0.83 0.31*
24 h 0.24 ± 0.43 0.17 ± 0.42 0.16 ± 0.37 0.22 ± 0.45 0.71*

Need for analgesic medication (nr-%) 11 (18.3%) 15 (25%) 41 (68.3%) 48 (80%) <0.001**
satisfaction Satisfied 36 (60%) 41 (68.3%) 25 (41.7%) 9 (15%) <0.001**

Relatively satisfied 22 (36.7%) 17 (28.3%) 33 (55%) 34 (56.7%)
Relatively unsatisfied 2 (3.3%) 2 (3.3%) 2 (3.3%) 17 (28.3%)

*One-way ANOVA, **Chi Square.

in patients undergoing deep vitrectomy. These 
two drugs also cause slight changes in hemo- 
dynamic variables and do not cause severe 
side effects. 

As discussed earlier, postoperative pain control 
is a major clinical issue in patients undergoing 
surgical procedures. In a study by Faiz and col-
leagues, they found that injecting acetamino-

phen had more efficacy than ketamine in reduc-
ing pain after a hysterectomy [19]. The results 
of this study were inconsistent with our find- 
ings because ketamine and acetaminophen 
were similarly effective in reducing pain and the 
need for analgesics in our research.

Aminophylline, which is clinically used as a 
bronchodilator, stops the anti-adenosine ac- 
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Conclusion

Therefore, according to the results of our study 
and other studies, ketamine and acetamino-
phen are two efficient drugs with few complica-
tions that can be appropriately used for postop-
erative pain control and the need for analge- 
sics in patients undergoing deep vitrectomy. 
Aminophylline use may also be effective in re- 
ducing pain in these patients, but in our study, 
it did not have much effect on pain relief. 
Therefore, we hope more similar studies will be 
done in this field.
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