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Purpose: To systematically evaluate the effectiveness and safety of ketamine in preventing propofol injection pain (PIP).

Patients and Methods: The electronic databases including PubMed, Embase, Web of Science, and Cochrane Library were searched
from their inception until 2 August 2023. Randomized controlled trials (RCT) comparing ketamine with placebo or other interventions
to alleviate PIP in adults were included. Fixed-effects or random-effects models were used to calculate pooled risk ratios (RR) and
corresponding 95% confidence intervals (CI) based on the heterogeneity of the studies included.

Results: Thirteen RCTs involving 2105 patients were included. In terms of reducing the incidence of PIP, ketamine is more effective
than placebo (RR = 0.43, 95% CI = [0.34, 0.55], P < 0.00001), lidocaine (RR = 0.70, 95% CI = [0.55, 0.90], P = 0.005),
dexmedetomidine (RR = 0.52, 95% CI = [0.40, 0.66], P < 0.00001), and thiopental (RR = 0.25, 95% CI = [0.08, 0.83], P = 0.02).
In reducing the incidence of severe PIP, ketamine is superior to placebo (RR = 0.12, 95% CI = [0.08, 0.19], P < 0.00001), and
lidocaine (RR = 0.34, 95% CI = [0.21, 0.56], P < 0.0001), except dexmedetomidine (RR = 0.20, 95% CI =[0.04, 1.13], P = 0.07), and
thiopental (RR = 0.33, 95% CI = [0.04, 3.10], P = 0.33). Compared with mixed injection, separate injection of ketamine and propofol
showed no significant difference in the incidence of PIP (RR = 0.96, 95% CI =[0.31, 3.00], P = 0.95) and severe PIP (RR =1.19, 95%
CI=[0.07, 21.29], P = 0.90). Based solely on the reports from the studies included, subanesthetic doses of ketamine are generally safe
in preventing PIP.

Conclusion: A subanesthetic dose of ketamine can effectively and safely reduce the incidence of PIP and severe PIP in adults, and is
more effective than lidocaine, dexmedetomidine, and thiopental.

Registration: PROSPERO CRD42023455093.

Keywords: ketamine, pain, injection, propofol, meta-analysis

Introduction
Propofol is currently the most commonly used intravenous anesthetic worldwide and has many advantages, including fast
onset, quick metabolism, smooth induction, and rapid recovery, making it widely used in general anesthesia and
procedural sedation." However, injection pain is one of the most common side effects of propofol, causing patients
painful experiences, unnecessary body movements, and even cardiovascular adverse events during the induction process,
and has become the seventh problem that American anesthetists most want to solve.” The incidence of propofol injection
pain (PIP) during induction has been reported to be 28-90% in adults, 28-85% in children,” and 70% on average.”
Medications that have been reported to prevent PIP include lidocaine,>® thiopental,7 opioids,&9 dexmedetomidine,’
non-steroidal anti-inflammatory drugs (NSAIDs),'! metoclopramide,'? magnesium sulfate,'* ephedrine,'* ondansetron, '
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etc. Techniques include the use of a larger antecubital vein,'® venous occlusion combined with drug pretreatment,'’
alterations of the concentration and pH of propofol,'® and transcutaneous electrical acupoint stimulation.'” However, to
date, no method has been found that completely or almost completely prevents the occurrence of PIP.

A fast-acting intravenous anesthetic introduced in 1970, ketamine produces sedative, hypnotic, amnestic, and potent
analgesic effects, primarily through non-competitive antagonism of the N-methyl-D-aspartate (NMDA) receptor.?’
Moreover, research has revealed that ketamine also has local anesthetic effects by blocking voltage-gated sodium
channels.?' In recent years, numerous studies have disclosed the impact of ketamine pre-treatment or being combined
with propofol to prevent PIP. Nevertheless, the efficacy and superiority of this treatment over alternative pharmacological
solutions are still contentious. To date, there has been no systematic review or meta-analysis conducted to individually
assess the effectiveness and safety of this medication. This systematic review and meta-analysis aimed to assess the
effectiveness and safety of ketamine in preventing PIP in adults. The evaluation involved comparing the efficacy of
ketamine with both placebo (saline) and other medications in terms of reducing the incidence of PIP and severe PIP.
Additionally, the review sought to analyze the potential side effects associated with ketamine treatment.

Materials and Methods

The review was conducted following the methods recommended by the Cochrane Collaboration and written following
the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 statement.*” The protocol has
been registered on the PROSPERO website (ID: CRD42023455093).

Eligibility Criteria
Studies meeting the following criteria were included: (1) Participants: Adult patients classified as American Society of
Anesthesiologists (ASA) class I or II underwent sedation or anesthesia with propofol. (2) Interventions: Patients
received racemic ketamine pretreatment before propofol injection through the same vein or a mixed injection of
racemic ketamine and propofol. (3) Controls: Use of placebo or alternative medications to substitute for ketamine. (4)
Primary outcomes: The incidence and severity of PIP. (5) Study design: Randomized controlled trials (RCT) published
in English.

Studies meeting any of the following criteria were excluded: (1) Use of other analgesics before or at the same time as
propofol injection, other than the experimental and control medications. (2) Trial registration for which outcome data were
not available. (3) The incidence or severity of PIP was not the primary outcome. (4) Unavailable or non-credible data.

Search Strategy

The electronic databases including PubMed, Embase, Web of Science, and Cochrane Library were searched from their
inception until 2 August 2023. Search terms such as “ketamine” and “propofol injection pain” were utilized, with
limitations concerning species and article types. While conducting the search in the Cochrane Library, trial registries
were also explored to identify unpublished data. The complete search strategy for each database is provided in the
Supplementary Materials. Additionally, citations from the included articles and relevant research were manually retrieved

to identify potential qualified studies.

Selection Process

Two reviewers (QW and FX) carried out the search independently, removed duplicate articles through automated
procedures and manual intervention, screened the remaining articles by reading titles and abstracts, and read the full
text of the remaining articles to determine the final selection of articles for inclusion. Any disagreements that arose
during the screening process were resolved through discussion to reach a consensus; otherwise, the decision would be left
to another author (MJ).

Data Extraction
Data from the included articles were extracted by two reviewers (QW and FX) independently and logged within
a spreadsheet crafted for this purpose. If any crucial data were not present in an article that fulfilled the criteria for
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inclusion, the reviewers would get in touch with the authors via email to request the data. Discussions were held to reach
a consensus on any disagreements during the data extraction. The following information was extracted from each selected
article: first author, year of publication, country or region, study design, grouping and intervention strategies, sample size,
demographics, procedure, anesthesia regimen, pain rating scale, primary and secondary outcomes, and its data.

Outcome Measures

The objective of this study was to assess the effectiveness and safety of ketamine in treating PIP in adults. Effectiveness
was gauged by comparing the incidence of PIP and severe PIP across various treatments. In all included studies, any
level of pain detected by a pain scale following propofol injection was categorized as PIP, while severe PIP was defined
as a 3-point scale score of 2, a Verbal Rating Scale (VRS) score of 3, or a Visual Analogue Scale (VAS) score of 7-10.
Safety evaluation involved analyzing the incidence of complications related to ketamine administration.

Risk of Bias Assessment

The revised Cochrane risk of bias tool for randomized trials (RoB 2), last updated on 22 August 2019,> was used by two
independent reviewers (QW and FX) to assess the quality of the included RCTs. The quality of each RCT was evaluated
by answering signaling questions from five domains: randomization process, deviations from the intended interventions,
missing outcome data, measurement of the outcome, and selection of the reported result. The tool automatically
calculated the risk for each domain based on the answers to the signaling questions, and the result was either low
risk, some concerns, or high risk. The overall bias rating would align with the worst domain. Any discrepancies were
discussed to reach a consensus. The results of the assessment were presented graphically using the Review Manager
software (Version 5.4. The Cochrane Collaboration, 2020).

Data Synthesis and Analysis

Data synthesis and analysis were performed using Stata 17 software (StataCorp. 2021. Stata Statistical Software: Release
17. College Station, TX: StataCorp LLC). The data extracted from the RCTs included in this review were dichotomous
variables, therefore, the risk ratios (RR) were applied as effect size and expressed with 95% confidence intervals (CI). If the
95% CI of RR included 1, there would not be any statistically significant difference. The heterogeneity was evaluated using
the Cochrane Q test and the /? test. A mild heterogeneity was indicated if /2 < 50%, and the data would be pooled using
a fixed-effects model and the Mantel-Haenszel method. Otherwise, a significant heterogeneity would be considered, and
a random-effects model and the Dersimonian-Laird method would be employed. Sources of heterogeneity were explored
using meta-regression analysis and served as the basis for setting subgroups. Sensitivity analyses were performed to validate
the reliability and stability of the results. The results of the statistical analysis were summarized and presented in the forest
plots. For publication bias, the funnel plot was used for qualitative detection, the Egger test was used for quantitative
detection, and the trim-and-fill procedure was used to evaluate the results adjusted for publication bias.

Results

Search results

A total of 455 relevant records were initially retrieved from the designated databases, and 155 duplicate records were
removed by automation tools and humans. Of the 300 remaining records, 266 were eliminated after reading their titles
and abstracts. A further 21 were excluded after reading the full-text articles. Reasons for exclusion included: not
a Randomized Controlled Trial (n = 2), pilot studies (n = 4), conference articles (n = 2), ineligible interventions (n
= 3), not racemic ketamine (n = 2), not primary outcome (n = 1), not adults (n = 4), and unavailable data (n = 3). The
selection process is depicted in Figure 1.

Study Characteristics

After meticulous screening, a total of 13 RCTs involving 2105 patients from eight countries were included in the review.**>°

The baseline characteristics of each RCT are presented in Table 1. Of the studies included, eight used 1% propofol, one used
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Figure | The flow diagram of the selection process.

2% propofol, and the rest did not report. Eleven studies administered separate injections of the test drugs and propofol, and two
studies administered both separate and mixed injections and compared their effects. Four studies performed venous occlusion
for over 30 seconds during injection of the test drugs, while the remaining studies did not. Only one study omitted the injection
site information, while others reported injecting drugs through the dorsal vein of the hand or wrist. Eleven studies evaluated
the injection pain with the VRS, whereas one study employed the 3-point scale, and one study utilized the VAS.

Risk of Bias
Assessments of the risk of bias are presented in Figure 2. Regarding the randomization process, nine studies*>="-**3

provided detailed information on random sequence generation, allocation concealment, and similar demographics, and

2426.2836 were rated as having some concerns due to insufficient

were assessed as low risk, while the remaining studies
information. All studies were assessed as low risk concerning deviations from the intended interventions and missing
outcome data. With regard to the measurement of outcome, one study** was assessed as high risk because the outcome
assessors were not blinded. In terms of the selection of the reported result, except for two studies,>*** the rest’*>¢ did not
provide detailed information about trial registration and were assessed as having some concerns. The overall bias rating

equals that of the worst domain.
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Table | Characteristics of Included RCTs

Study Year Country | Grouping and N Age in Years | FIM Pre- Venous Propofol Man Interval Injection Pain
Intervention (mean t SD) Sedation | Occlusion Type ner Time Site Scale
Ayatollahi®® 2012 Iran 0.1 mg/kg ketamine 35 2822 +7.32 57/83 NR No NR SI 30s NR VRS
0.1 mg/kg ephedrine 35
40 mg lidocaine 35
2 mL saline 35
Tan® 1998 China 10 mg ketamine 50 41 +77 100/0 No No 1% S| 30s DVH 3PS
ImL saline 50 40 £ 9.1
Jayaprakash®® 2020 | India 0.1 mg/kg ketamine 32 41.14 108/52 Yes No 1% S| Os DVH VRS
0.3 mg/kg ketamine 32
0.5 mg/kg ketamine 32
1.5 mg/kg lignocaine 32
3 mL saline 32
Iwata?® 2010 Japan 0.5 mg/kg ketamine 15 69 £5 7/8 No No 1% SI 30s DVH VRS
1.0 mg/kg ketamine 15 68 £ 10 7/8
0.1 mL/kg saline 15 66 = 10 5/10
Batra®® 2005 Kuwait 10 mg ketamine 50 NR NR Yes Yes NR SI 60s DVH VRS
20 mg lignocaine 50
2 mL saline 50
Saadawy*? 2007 Egypt 0.4 mg/kg ketamine 25 399 £ 136 11714 No Yes 1% S| 60s DVH VRS
0.5 mg/kg thiopental 25 40.1 + 14.1 12/13
0.5 mg/kg meperidine 25 47.7 + 20.1 12/13
1.0 mg/kg lignocaine 25 46.2 + 26.7 11/14
3 mL saline 25 399 £ 136 13/12
Zahedi*® 2009 Iran 0.05 mg/kg ketamine 100 294+78 52/48 No No 1% SI 0s DVHW VRS
0.075 mg/kg ketamine 100 29.7 £ 88 44/56
0.1 mg/kg ketamine 100 30.7 £ 6.6 51/49
1.0 mg/kg lidocaine 100 29.7 £ 6.8 49/51
5 mL saline 100 289 +74 45/55
Koo 2006 Korea 0.0l mg/kg ketamine 30 403 £ 11.3 17713 No No 1% S| Os DVHW VRS
0.05 mg/kg ketamine 30 45.0 £ 10.5 20/10
0.10 mg/kg ketamine 30 395117 18/12
40 mg lidocaine 30 41399 25/5
2 mL saline 30 408 + I1.2 19/11
0.10 mg/kg ketamine 30 434+ 118 17/13 Mi —
0.10 mg/kg ketamine 30 373+ 118 12/18 N 3 min
0.10 mg/kg ketamine 30 404 = 11.4 8/22 Yes S| Os
(Continued)
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Table 1 (Continued).

Study Year Country | Grouping and N Age in Years | FIM Pre- Venous Propofol Man Interval Injection Pain
Intervention (mean  SD) Sedation | Occlusion Type ner Time Site Scale

Akbari** 2018 Iran 0.5 mg/kg ketamine 25 3132+ 1341 | 14/11 NR No 2% sl 60 s DVH VRS
30 mg/kg MgSO, 25 34.00 + 10.74 12/13
0.5 mg/kg thiopental 25 35.80 £ 1291 11714

Wani®®* 2018 India 0.25 mg/kg ketamine 50 39.16 £ 1020 | 31/19 No No NR S| 0s DVH VRS
0.5 pg/kg DEXM 50 3782 % 1142 | 23/27

Thukral® 2015 India 0.5 mg/kg ketamine 54 31.96 £ 871 40/14 No No 1% S| 0s DVH VRS
0.5 pg/kg DEXM 54 34.04 + 8.30 45/9

Naz®' 2020 Pakistan 0.5 mg/kg ketamine 87 34.56 + 9.81 38/49 NR Yes NR S| Os DVH VAS
0.5 mg/kg lignocaine 87 32.36 £ 863 39/48

Hwang?’ 2009 Korea 10 mg ketamine 94 49+ 15 50/44 NR Yes 1% sl 308 DVH VRS
10 mg ketamine 94 45+ 16 47/47 Mi —

Abbreviations: N, number of samples; SD, standard deviation; F/M, female/male; NR, not reported; S, separate injection; Ml, mixed injection; VRS, Verbal Rating Scale; 3PS, 3-point scale; VAS, Visual Analogue Scale; DVH, dorsal vein of
hand; DVHW, dorsal vein of hand or wrist; MgSO,, magnesium sulfate; DEXM, dexmedetomidine.
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Figure 2 The risk of bias of the included studies; (a) risk of bias for each study; (b) risk of bias summary.

Meta-Analysis

Incidence of Propofol Injection Pain
Ketamine versus Saline

Among the included studies, eight RCTs
high heterogeneity after direct pooling (* = 87%), we conducted a meta-regression analysis before subgroup analysis.
Our findings showed that the dose of ketamine was the primary source of heterogeneity (P = 0.001, 95% CI = [-0.54,

25.26.28-3032.3336 compared the effects of ketamine with saline. To address the

—0.13]), thus prompting us to apply subgroup analysis based on the ketamine dose. The forest plot is presented in
Figure 3. The results showed statistically significant differences between the ketamine and saline groups in the incidence
of PIP (44.23% versus 87.37%, RR = 0.43, 95% CI = [0.34, 0.55], P < 0.00001).

Ketamine versus Lidocaine
Seven RCTs*>26293236 inyolving 1041 patients compared the use of ketamine and lidocaine. As a result of significant
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Ketamine Saline Risk ratio Weight
Study Pain No pain Pain No pain with 95% Cl (%)
dosage < 0.1 mg/kg
Koo 2006 38 22 26 4 4-|10.73[0.58, 0.93] 12.36
Zahedi 2009 115 85 88 12 B |065[0.57, 0.75] 13.53

Test of 6, = 6: Q(1) =0.63, p=0.43

Heterogeneity: ©> = 0.00, I = 0.00%, H? = 1.00 ' @ |0.67[0.60, 0.76]
0.1 mg/kg < dosage < 0.5 mg/kg

Ayatollahi 2012 9 26 26 9 —M®— [0.35[0.19, 0.63] 7.32
Batra 2005 6 44 40 10 e 0.15[0.07, 0.32] 5.8
Jayaprakash 2020 41 23 32 0 M |0.65[0.54, 0.78] 13.01
Koo 2006 14 16 26 4 + 0.54[0.36, 0.81] 9.87
Saadawy 2007 2 23 22 3 = ! 0.09[0.02, 0.35] 247
Tan 1998 13 37 42 8 —. 0.31[0.19, 0.50] 8.78
Zahedi 2009 45 55 88 12 M [051[041, 0.64] 1249
Heterogeneity: 1> = 0.13, I = 78.79%, H” = 4.71 <> 0.39[0.28, 0.54]

Test of 6, = 6;: Q(6) = 28.29, p = 0.00

0.5 mg/kg < dosage < 1.0 mg/kg

Iwata 2010 7 23 14 1 _— 0.25[0.13, 0.48] 6.56
Jayaprakash 2020 9 23 32 0 —i— 0.29[0.17, 0.50] 8.03
Heterogeneity: 1> = 0.00, I = 0.00%, H? = 1.00 S 0.27 [0.18, 0.42]

Testof 6,=6;: Q(1)=0.13, p=0.72 !

Overall <& 0.43[0.34, 0.55]
Heterogeneity: t° = 0.10, I> = 80.10%, H’ = 5.03
Test of 6, = 6;: Q(10) = 50.25, p = 0.00

Test of group differences: Q,(2) =23.43, p = 0.00

132 116 18 1/4 172 1
Random-effects DerSimonian—Laird model

Figure 3 The incidence of propofol injection pain in the ketamine group compared with the saline group.

heterogeneity (I° = 64.90%), the data were combined utilizing the random-effects model and the DerSimonian-Laird
method. Subgroup analysis by ketamine dose was not performed again because the seven studies had similar ketamine
doses. Compared with the lidocaine group, the ketamine group had a lower incidence of PIP (45.83% versus 55.59%, RR
=0.70, 95% CI = [0.55, 0.90], P = 0.005) (Figure 4).

Ketamine versus Dexmedetomidine

Two RCTs***> compared the incidence of PIP in the ketamine and dexmedetomidine groups. Meta-analysis using
a fixed-effects model and Mantel-Haenszel method revealed a significantly lower incidence of PIP in the ketamine group
as compared with the dexmedetomidine group (41.35% versus 79.81%, RR = 0.52, 95% CI = [0.40, 0.66], P < 0.00001)
(Figure 5).

Ketamine versus Thiopental
Two RCTs***? compared the use of ketamine and thiopental for preventing PIP. After pooling the data using the fixed-effects
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Ketamine Lidocaine Risk ratio Weight
Study Pain No pain Pain No pain with 95% CI (%)
Ayatollahi 2012 9 26 14 21 —l—— 0.64[0.32, 1.29] 8.68
Batra 2005 6 44 5 45 S P 1.20[0.39, 3.68] 4.11
Jayaprakash 2020 50 46 29 3 B 0.57[0.46, 0.72] 22.97
Koo 2006 52 38 16 14 —— 1.08[0.74, 1.58] 16.91
Naz 2020 34 53 61 25 —.— 0.55[0.41, 0.74] 20.07
Saadawy 2007 2 23 9 16 = : 0.22[0.05, 0.93] 2.68
Zahedi 2009 160 140 65 35 B 0.82[0.69, 0.98] 24.59
Overall <& 0.70[ 0.55, 0.90]
Heterogeneity: t° = 0.06, I> = 64.90%, H’> = 2.85
Test of 6, = 6;: Q(6) = 17.09, p = 0.01
Testof 6 =0:z=-2.82, p=0.00

116 1/8 14 12 1 2
Random-effects DerSimonian—Laird model

Figure 4 The incidence of propofol injection pain in the ketamine group compared with the lidocaine group.

Ketamine Dexmedetomidine Risk ratio Weight
Study Pain  No pain Pain No pain with 95% CI (%)
Thukral 2015 22 32 43 11 0.51[0.36, 0.73] 51.81
Wani 2018 21 29 40 10 . 0.53[0.37, 0.75] 48.19

Overall _— 0.52[0.40, 0.66]
Heterogeneity: I = 0.00%, H = 1.00 '

Test of 6, = 6;: Q(1) =0.01, p=0.92

Testof 6 =0:z=-5.19, p=0.00

Fixed-effects Mantel-Haenszel model

Figure 5 The incidence of propofol injection pain in the ketamine group compared with the dexmedetomidine group.

model and Mantel-Haenszel method, previously non-significant results became statistically significant and showed that
ketamine was more effective (12.00% versus 24.00%, RR = 0.25, 95% CI = [0.08, 0.83], P = 0.02) (Figure 6). Such an
alteration could be attributed to the growth in sample size after the pooling.

Separate Injection versus Mixed Injection

Two RCTs*’° compared the ketamine-propofol mixture with ketamine pretreatment. However, the results of the two
RCTs were diametrically opposite (I° = 94.15%), and the results pooled through the random-effects model and
DerSimonian-Laird method lack statistical significance (50.00% versus 43.55%, RR = 0.96, 95% CI = [0.31, 3.00],
P =0.95) (Figure 7).
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Ketamine Thiopental Risk ratio Weight
Study Pain No pain Pain No pain with 95% ClI (%)
Akbari 2018 1 24 4 21 0.25[0.03, 2.08] 33.33
Saadawy 2007 2 23 8 17 0.25[0.06, 1.06] 66.67

Heterogeneity: I> = 0.00%, H* = 1.00
Test of 6, = 6;: Q(1) =0.00, p = 1.00

O

&
Overall T 0.25[0.08, 0.83]
Testof 6 =0:z=-2.27, p =0.02

1/32 1/8 1/2 2

Fixed-effects Mantel-Haenszel model

Figure 6 The incidence of propofol injection pain in the ketamine group compared with the thiopental group.

Separate Mixed Risk ratio Weight
Study Pain No pain Pain No pain with 95% CI (%)
Hwang 2009 48 46 28 66 —J—1.71[1.19, 2.48] 50.30
Koo 2006 14 16 26 4 —— 0.54[0.36, 0.81] 49.70
Overall ‘—&96[0.31, 3.00]

Heterogeneity: ©* = 0.63, I’ = 94.15%, H> = 17.08
Test of 6, = 6;: Q(1) = 17.08, p = 0.00
Testof 6 =0:z=-0.06, p=0.95

Randome-effects DerSimonian—Laird model

Figure 7 The incidence of propofol injection pain in the separate injection group compared with the mixed injection group.

Incidence of Severe Propofol Injection Pain

Ketamine versus Saline

The PIP scores were reported in eight RCTs?>-26-28730:3233.36 f51 both the ketamine and saline groups. Only one™ of these
studies used the 3-point scale, while the remaining studies utilized the Verbal Rating Scale (VRS). According to
consensus, a 3-point scale score of 2 and a VRS score of 3 are considered severe pain. Eight RCTs were divided into
three subgroups based on the dosage of ketamine, as previously stated. After pooling the data using the fixed-effects
model and Mantel-Haenszel method (17 = 42.21%), the meta-analysis results are shown in Figure 8. The ketamine group
exhibited a significantly lower incidence of severe PIP compared with the saline group (2.37% versus 24.25%,
RR = 0.12, 95% CI = [0.08, 0.19], P < 0.00001).

Ketamine versus Lidocaine

The PIP scores in the ketamine group and the lidocaine group were reported by seven RCTs.?>2¢2°323¢ Only one®! of
these studies used the Visual Analogue Scale (VAS), while the remaining six all used the VRS. According to consensus,
a VAS score of 7-10 and a VRS score of 3 are considered severe pain. After pooling the data using the fixed-effects
model and Mantel-Haenszel method (I = 0.00%), the meta-analysis results are shown in Figure 9. The incidence of
severe PIP was significantly lower in the ketamine group compared with the lidocaine group (2.78% versus 12.85%, RR
= 0.34, 95% CI = [0.21, 0.56], P < 0.0001).
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Ketamine Saline Risk ratio Weight
Study Severe pain Others Severe pain Others with 95% Cl (%)
dosage < 0.1 mg/kg :
Koo 2006 1 59 2 28 —;—-—— 0.25[0.02, 2.65] 1.97
Zahedi 2009 4 196 14 86 —l.— 0.14[0.05, 0.42] 13.77
Heterogeneity: I> = 0.00%, H” = 1.00 :‘ 0.16 [ 0.06, 0.42]
Testof 6, = 6;; Q(1) = 0.18, p = 0.67 :
I
0.1 mg/kg < dosage < 0.5 mg/kg i
Ayatollahi 2012 2 33 6 29 —ILI—— 0.33[0.07, 1.54] 4.43
Batra 2005 1 49 14 36 —I:— 0.07[0.01, 0.52] 10.33
Jayaprakash 2020 0 64 19 13 —— 0.01[0.00, 0.21] 19.09
Koo 2006 0 30 2 28 —;—-—— 0.20[0.01, 4.00] 1.84
Saadawy 2007 0 25 12 13 + 0.04[0.00, 0.64] 9.22
Tan 1998 7 43 18 32 : —- 0.39[0.18, 0.85] 13.28
Zahedi 2009 0 100 14 86 —.—E— 0.03[0.00, 0.57] 10.70
Heterogeneity: I = 56.98%, H® = 2.32 <& 0.13[0.07, 0.22]
Test of 6, = 6;: Q(6) = 13.95, p = 0.03 !
I
0.5 mg/kg < dosage < 1.0 mg/kg i
Iwata 2010 29 1 14 : 0.50[0.03, 7.45] 0.98
Jayaprakash 2020 0 32 19 13 —.—;— 0.03[0.00, 0.41] 14.39
Heterogeneity: I = 64.65%, H* = 2.83 i 0.06 [ 0.01, 0.35]
Testof 6, = 6;; Q(1) = 2.83, p = 0.09 i
I
Overall + 0.12[0.08, 0.19]
Heterogeneity: I> = 42.21%, H* = 1.73 :
Test of 6, = 6 Q(10) = 17.31, p = 0.07 :
Test of group differences: Q,(2) = 0.94, p = 0.62 i
11024  1/64 1/4 4
Fixed-effects Mantel-Haenszel model
Figure 8 The incidence of severe propofol injection pain in the ketamine group compared with the saline group.
Ketamine Lidocaine Risk ratio Weight
Study Severe pain Others Severe pain Others with 95% ClI (%)
Ayatollahi 2012 2 33 1 34 —_ 1t 2.00[0.19, 21.06] 1.92
Batra 2005 1 49 0 50 3.00[0.13, 71.92] 0.96
Jayaprakash 2020 0 96 0 32 ‘ 0.34[0.01, 16.81] 1.43
Koo 2006 1 89 0 30 1.02[0.04, 24.44] 143
Naz 2020 11 76 35 51 -.— 0.31[0.17, 0.57] 67.44
Saadawy 2007 0 25 3 22 = 0.14[0.01, 263] 6.71
Zahedi 2009 4 296 93 —l—'— 0.19[0.06, 0.64] 20.12
Overall ‘ 0.34[0.21, 0.56]
Heterogeneity: I = 0.00%, H? = 1.00 §
Test of 6, = 6; Q(6) = 5.76, p = 0.45 i
Testof 6 = 0: z = -4.36, p = 0.00
1128 1/8 2 32
Fixed-effects Mantel-Haenszel model
Figure 9 The incidence of severe propofol injection pain in the ketamine group compared with the lidocaine group.
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Ketamine versus Dexmedetomidine

Two studies****

evaluated the PIP scores of the ketamine and dexmedetomidine groups using the VRS. The results of the
meta-analysis are presented in Figure 10. Although there was a lower incidence of severe PIP in the ketamine group
compared with the dexmedetomidine group, this difference did not reach statistical significance (0.96% versus 6.73%,

RR = 0.20, 95% CI = [0.04, 1.13], P = 0.07).

Ketamine versus Thiopental

Two RCTs***? compared the efficacy of ketamine and thiopental in preventing severe PIP, and the pooled results are
shown in Figure 11. The pooled data indicates that ketamine has comparable efficacy to thiopental in preventing severe
PIP (0.00% versus 4.00%, RR = 0.33, 95% CI = [0.04, 3.10], P = 0.33).

Separate Injection versus Mixed Injection

Two RCTs*”** compared the incidence of severe PIP between the two methods of ketamine administration. Due to the high
heterogeneity between the two studies (I = 67.25%), the random-effects model and DerSimonian-Laird method were employed
to pool the data. The results, as depicted in Figure 12, indicated no statistically significant difference in efficacy between the two
administration methods for preventing severe PIP (6.45% versus 3.23%, RR = 1.19, 95% CI = [0.07, 21.29], P = 0.90).

Safety Assessment

Ten studies described the safety evidence of ketamine for treating PIP, which is both sporadic and diverse. Regarding the

25,30,32,33,36

heart rate post-administration, five studies reported that ketamine did not cause more changes in heart rate

compared to the saline group, while one study> reported more occurrences of tachycardia in the ketamine group

Ketamine Dexmedetomidine Risk ratio Weight
Study Severe pain Others Severe pain Others with 95% CI (%)
Thukral 2015 1 53 4 50 . 0.25[0.03, 2.16] 53.33
Wani 2018 0 50 3 47 T+ 0.14[0.01, 2.70] 46.67
Overall -—.— 0.20[0.04, 1.13]

Heterogeneity: 1> = 0.00%, H” = 1.00
Testof 6, = 6; Q(1) = 0.09, p = 0.76
Testof 6 =0:z=-1.82, p=0.07

1128 132 18 12

N

Fixed-effects Mantel-Haenszel model

Figure 10 The incidence of severe propofol injection pain in the ketamine group compared with the dexmedetomidine group.

Ketamine Thiopental Risk ratio Weight
Study Severe pain Others Severe pain Others with 95% CI (%)
Akbari 2018 0 25 2 23 . 0.20[0.01, 3.97] 83.33

Saadawy 2007 0 25 0 25 1.00[0.02, 48.52] 16.67
Overall ,L: 0.33[0.04, 3.10]
Heterogeneity: I> = 0.00%, H? = 1.00 i

Test of 6, = 6;: Q(1) = 0.42, p = 0.52
Testof 6 =0:z=-0.97,p=0.33

164 18 1 8
Fixed-effects Mantel-Haenszel model

Figure |1 The incidence of severe propofol injection pain in the ketamine group compared with the thiopental group.
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Separate Mixed Risk ratio Weight
Study Severe pain Others Severe pain Others with 95% CI (%)
Hwang 2009 8 86 2 92 ——.— 4.00[0.87, 18.34] 59.65
Koo 2006 0 30 2 28 L 0.20[ 0.01, 4.00] 40.35

Overall 119 [ 0.07, 21.29]
Heterogeneity: 1> = 3.02, I” = 67.25%, H’ = 3.05 :

Test of 6, = 6;: Q(1) = 3.05, p = 0.08
Testof6=0:z=0.12, p=0.90

164 1/8 1 8

Random-effects DerSimonian—Laird model

Figure 12 The incidence of severe propofol injection pain in the separate injection group compared with the mixed injection group.

25,30,33,36

compared with the dexmedetomidine group. Four studies reported similarity in blood pressure changes after

ketamine administration compared to the saline group, while one study®” found that ketamine administration prevented

2833 reported on oxygenation, and both claimed that

blood pressure from dropping after the induction. Only two studies
ketamine administration did not have a significant impact on oxygenation, despite the potential for increased airway
secretions. As for the psychiatric side effects of ketamine that concern most anesthesiologists, only one study” reported
abnormal behavioral responses in 5 out of 96 patients that did not require active intervention; the other five
studies®”**%33-3¢ found no such effects. We could not conduct a quantitative meta-analysis for these outcomes due to

the varying disease definitions and measures utilized in the included studies.

Sensitivity Analysis

For a meta-analysis that was highly heterogeneous and included more than two studies, we performed a sensitivity analysis.
The sensitivity analysis was conducted by systematically excluding individual studies to assess the stability of the meta-
analysis findings. The results of these meta-analyses are reliable and stable as shown in Figures 13 and 14.

Risk ratio
Omitted study with 95% Cl p-value
Koo 2006 . 0.40[0.31, 0.52] 0.000
Zahedi 2009 0.40[0.30, 0.52] 0.000
Ayatollahi 2012 ° 0.44 [ 0.35, 0.56] 0.000
Batra 2005 ° 0.47[0.38, 0.59] 0.000
Jayaprakash 2020 o 0.40[0.30, 0.52] 0.000
Koo 2006 o 0.42[0.33, 0.54] 0.000
Saadawy 2007 ° 0.46 [ 0.37, 0.57] 0.000
Tan 1998 . 0.45[0.36, 0.57] 0.000
Zahedi 2009 o 0.42[0.32, 0.54] 0.000
Iwata 2010 ° 0.46 [ 0.36, 0.57] 0.000
Jayaprakash 2020 ° 0.45[0.36, 0.57] 0.000

0.30 0.59

Randome-effects DerSimonian—Laird model

Figure 13 Sensitivity analysis for meta-analysis comparing the incidence of PIP in the ketamine group and the saline group.

Journal of Pain Research 2024:17 https: 471

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wu et al

Dove

Omitted study

Risk ratio
with 95% CI

p-value

Ayatollahi 2012
Batra 2005
Jayaprakash 2020
Koo 2006

Naz 2020
Saadawy 2007
Zahedi 2009

0.71[0.54, 0.93]
0.69[0.53, 0.88]

0.740.56, 0.99]
0.65[0.51, 0.82]

0.75[0.56, 0.99]
0.72[0.57, 0.92]
0.67[0.49, 0.91]

0.49

Randome-effects DerSimonian—Laird model

0.99

Figure 14 Sensitivity analysis for meta-analysis comparing the incidence of PIP in the ketamine group and the lidocaine group.

Publication Bias
We assessed publication bias for the meta-analyses with the most included studies, which compared the incidence of PIP

0.012
0.004
0.045
0.000
0.041
0.008
0.010

and severe PIP of the ketamine group versus the saline group. Publication bias was found in both the meta-analyses by

funnel plots and Egger tests. The trim-and-fill procedure was applied to evaluate the results corrected for publication bias,

and the processed funnel plots are shown in Figures 15 and 16. After processing, the statistical results remain significant,

suggesting that the outcomes of 1.1 and 2.1 are unaffected despite the potential for publication bias. Table 2 provides the

results of the Egger tests and trim-and-fill procedure.

Discussion

Propofol is undoubtedly the most commonly used intravenous anesthetic and has been employed in over one billion

surgeries performed on humans since its introduction into clinical practice.! However, the pain caused by propofol
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Figure 15 The funnel plot for the meta-analysis |.| processed by the trim-and-fill method.
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Figure 16 The funnel plot for the meta-analysis 2.| processed by the trim-and-fill method.

injections is a recurring issue for patients and a challenge for anesthesiologists who encounter it daily, yet it remains
a difficult problem to fully resolve. Propofol injection pain (PIP) may occur either immediately or 10-20 seconds
following injection.> Prompt pain may result from direct stimulation of the vein, whereas postponed pain may be
attributed to the kinin cascade.’’ Ketamine is a rapid-acting intravenous anesthetic providing potent local and central
analgesic effects. This meta-analysis compared the efficacy of ketamine with placebo and some reported drugs for
preventing PIP.

Similar to the partial results of the meta-analysis conducted by Jalota et al,*® our meta-analysis, including recently
published studies from the past decade but excluding non-English language literature, confirms the effectiveness of
ketamine in reducing the incidence of PIP. In addition, our results indicated that ketamine can effectively reduce the
severity of PIP as well. The mechanism through which ketamine prevents PIP is still unclear, and research on related
mechanisms is deficient. Some scholars speculate that the local anesthetic effect may play a significant role, rather than
its central analgesic effect.*?

Lidocaine was previously the drug of choice for preventing PIP,*” and was also recommended by the manufacturer of
propofol.® The results of this meta-analysis indicated that ketamine is more effective than lidocaine in preventing the
occurrence and severity of PIP in adults. However, the meta-analysis conducted by Lang et al suggested that the two

Table 2 Results of Egger Tests and Trim-and-Fill Procedure

Meta-Analysis | Egger Test Trim-and-Fill Procedure
Observed Observed + imputed
(RR, 95% CI) (RR, 95% CI)
1.1 P < 0.0001 0.43, [0.34, 0.55] 0.55, [0.43, 0.69]
2.1 P=0.0145 | 0.12, [0.08, 0.19] 0.26, [0.16, 0.41]
Abbreviations: RR, risk ratio; Cl, confidence interval; 1.1, the incidence of propofol injection

pain of the ketamine group compared with the saline group; 2.1, the incidence of severe
propofol injection pain of the ketamine group compared with the saline group.
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drugs have similar effects on children.>® Such a discrepancy may stem from differences in the populations and sample
sizes that were included, and it is worth noting that our meta-analysis comprised a larger number of adult patients.

In recent years, studies have employed dexmedetomidine as a means to prevent PIP and have demonstrated both its
efficacy and safety.'**%*! Compared with dexmedetomidine, our findings indicate that ketamine is more effective in
reducing the incidence of PIP. This aligns with the partial conclusions drawn by Ji et al.** But in terms of safety and
availability, dexmedetomidine has fewer contraindications, is safer to use, and is less likely to cause psychiatric side
effects.* However, coadministration of dexmedetomidine and propofol could heighten the incidence of bradycardia and
hypotension,** while ketamine diminishes this incidence.*> Moreover, ketamine can provide more comprehensive
analgesic effects for surgeries than dexmedetomidine.

Compared with thiopental, our results suggest that ketamine is more effective in reducing the incidence, but not the
severity, of PIP. Before this, the results of individual studies included in this review indicated no statistically significant
difference in efficacy between the two drugs. Nevertheless, upon pooling the data, the results became statistically
significant. This alteration might have resulted from the enlarged sample size after pooling.

We also compared the ketamine-propofol mixture with ketamine pretreatment. However, as the included studies were
fewer and heterogeneous, we obtained statistically insignificant and unstable results. More high-quality randomized
controlled trials comparing the effects of the two injection methods are needed in the future. Regarding safety,
a quantitative analysis could not be conducted. Based solely on the reports from the studies included, subanesthetic
doses of ketamine (< 1.0 mg/kg) appear to be generally safe for preventing PIP. Although the studies cited above
involved ketamine to some extent, this study is, to our knowledge, the first to systematically review and analyze the
effectiveness and safety of ketamine in preventing PIP.

Limitations

Although we employed scientific methods for our systematic review and meta-analysis, there are still certain limitations
present. In terms of the quality of the evidence, although only one of the included studies was rated as high risk, several
studies were rated as some concerns in the “selection of the reported result” domain attributed to the absence of trial
registration. In addition, the generalizability of our findings to various age groups is restricted due to the exclusion of
research involving children. In terms of methodology, certain outcomes in the meta-analysis displayed high heterogeneity
due to the included studies using various drug doses and dosing regimens. Although the major source of heterogeneity
was identified through meta-regression, subgroup analyses remained highly heterogeneous. Fortunately, the sensitivity
analysis indicates that the results are stable This review excluded articles written in languages other than English, which
may have contributed to the presence of publication bias. Fortunately, the trim-and-fill procedure indicated that the
stability of these results was not affected by publication bias. Last but not least, as an additional outcome, the safety of
ketamine in preventing PIP was not evaluated through a quantitative meta-analysis as the included studies used various
definitions and measures of complications.

Conclusion

In conclusion, ketamine proves to be a potent drug in preventing propofol injection pain (PIP), leading to a marked
reduction in its incidence and severity, and surpasses lidocaine, dexmedetomidine, and thiopental in efficacy. Although its
safety has been questioned, our findings indicate that subanesthetic doses of ketamine are generally safe for the
prevention of PIP. The future exploration of ketamine’s specific mechanism in preventing PIP and the further study of
esketamine’s efficacy and safety in preventing PIP are necessary.
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