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Preoperative Oral Gabapentin in the Management of Postoperative Catheter-Related Bladder Discomfort in Adults: A Systematic Review and Meta-Analysis
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Objective: To evaluate the efficacy and safety of preoperative oral gabapentin in preventing postoperative Catheter-Related Bladder Discomfort (CRBD) in surgical patients.

Methods: Randomized controlled trials in which gabapentin was used for the prevention of CRBD in surgical patients with transurethral catheterization were evaluated. The primary outcome was the incidence of moderate-to-severe CRBD at 0, 1, 2, and 6 h after surgery, and secondary outcomes included the incidence of any grade CRBD, postoperative pain, and adverse events. Pooled risk ratios (RRs) and mean difference (MD), 95% confidence intervals (CIs), and P values were estimated using fixed and random effects statistical models. The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach was used to rate the levels of certainty for key results.

Results: A total of 6 randomized controlled trials involving 679 participants were included in the meta-analysis. Gabapentin significantly reduced the risk of moderate-to-severe CRBD at 0, 1, 2, and 6 h (0 h: RR = 0.19, 95% CI: 0.11 to 0.31, p < 0.00001; 1 h: RR = 0.40, 95% CI: 0.25 to 0.66, p < 0.001; 2 h: RR = 0.38, 95% CI: 0.26 to 0.56, p < 0.00001; 6 h: RR = 0.20, 95% CI: 0.11 to 0.38, p < 0.00001). The overall incidence of CRBD at 1 h showed no statistical difference between the two groups (RR = 0.55, 95% CI: 0.30 to 1.00, p = 0.05). The risk of CRBD was significantly reduced in the gabapentin group at 0, 2, and 6 h after surgery (0 h: RR = 0.59, 95% CI: 0.46 to 0.74, p < 0.0001; 2 h: RR = 0.62, 95% CI: 0.51 to 0.75, p < 0.00001; 6 h: RR = 0.66, 95% CI: 0.52 to 0.83, p < 0.001). In addition, gabapentin was associated with low postoperative pain intensity without significant side effects.

Conclusion: Preoperative oral gabapentin as an adjunct to surgery is effective in decreasing the risk and severity of CRBD over a short time after surgery, and it can decrease postoperative pain without significant side effects. Overall, the level of certainty was moderate to low.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/#recordDetails, identifier: CRD42021228171.
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INTRODUCTION

Catheter-related bladder discomfort (CRBD) secondary to an indwelling urinary catheter is a prevalent complication associated with most surgeries, which is characterized by a burning sensation spreading from the suprapubic area to the penis, urinary frequency and urgency, with or without urge incontinence (1, 2). Approximately 47–90% of patients under general anesthesia suffer from CRBD, which leads to increased postoperative agitation, poor patient satisfaction, prolonged hospitalization, and increased workload for healthcare workers (3, 4). Therefore, aggressive prevention and appropriate treatment for CRBD are necessary.

Despite various agents have been applied to prevent and treat CRBD, there is still no consensus on the best choice of drug used in the symptomatic relief of CRBD (5–7). Gabapentin has been believed to a promising prevention agent (4, 8, 9) and there are several randomized controlled trials (RCTs) which have examined the effectiveness of preoperative oral gabapentin in decreasing the incidence and severity of postoperative CRBD. However, the evidence has not been sufficiently robust to guide clinical decision-making. With a crescendo of voices expressing concern about potential adverse events and net clinical benefit of gabapentin, compelling evidence is required to avoid its abuse and misuse.

The aim of this study was to determine the efficacy and safety of preoperative gabapentin in preventing postoperative CRBD, especially moderate-to-severe CRBD among patients subjected to surgery with indwelling urinary catheters by performing a systematic review and meta-analysis.



METHODS


Search Strategy

The present systematic review was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines using the PICOS framework (10). The research had been registered prospectively on PROSPERO (CRD42021228171). Two reviewers (YTW and CX) independently searched PubMed, Cochrane Library, EMBASE, Web of Science, China National Knowledge Infrastructure (CNKI), Wanfang, Weipu, and Google Scholar databases from the dates of their inception to July 2021 (the search strategies are shown in Supplementary Material). Furthermore, references of retrieved articles and relevant review papers were searched manually. The inclusion criteria were as follows: (1) population: studies in which the participants were adult (age >18 years) human patients undergoing surgery with indwelling urinary catheters; (2) intervention: preoperative oral administration of gabapentin ≥30 min before the surgical procedure; (3) comparison: placebo or no treatment; (4) predefined outcomes: incidence of postoperative CRBD at different time points, and (5) design: RCTs published without language restrictions and full-text versions. The exclusion criteria were as follows: (1) case report, conference abstract, or review article; (2) unpublished trials.



Data Extraction

Two investigators (HL and XF) independently checked the eligibility of the published studies, extracted data, and assessed the risk of bias. Disagreements were resolved by discussion among reviewers. The following demographic and clinical data were extracted to an Excel spreadsheet: first author name, publication year, sample sizes, age, gender, detailed intervention methods for each group, type of surgery, method of anesthesia administration, and outcome parameters.

Standard criteria for bladder discomfortable were employed, which was divided into four grades: no, mild, moderate and severe discomfort (the precise grading standard was given in the Supplementary Table 1). The primary outcome was the incidence of moderate-to-severe CRBD at 0, 1, 2 and 6 h after surgery. The secondary outcomes included the overall incidence of CRBD, postoperative pain scores, and adverse events. Risk of bias was assessed independently by two researchers using the Cochrane Collaboration's tool across six domains (selection, performance, detection, attrition, reporting, and other), and was classified as high, low, or unclear (11). The levels of certainty for key results were evaluated based on the guidelines of the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system.



Statistical Analysis

Meta-analyses were conducted using Review Manager (RevMan version 5.3: The Nordic Cochrane Center, The Cochrane Collaboration, Copenhagen, Denmark, 2014). We used risk ratio (RR) with 95% confidence interval (CI) for dichotomous data and standard mean difference (SMD) or mean difference (MD) with 95% CI for continuous data (12). Heterogeneity was calculated using I2 statistic; for significant heterogeneity (I2 ≥ 50%), random rather than fixed-effects models were used. We performed subgroup and sensitivity analyses to investigate possible sources of heterogeneity when heterogeneity of primary outcome was significant. In addition, subgroup analysis was only performed when at least two trials in a specific subgroup. A P value < 0.05 was considered statistically significant.




RESULTS


Selection and Characteristics of Studies

The PRISMA checklist shown in Supplementary Checklist, and the PRISMA flow chart for the primary literature selection process are shown in Figure 1. A total of 196 studies were identified from an initial search of the databases and other sources. Among them, 6 RCTs with 679 patients satisfied the inclusion criteria and were used for the systematic review (13–18). The articles were published from 2007 to 2020 and the sample sizes ranged between 40 and 181. All patients had transurethral catheterization under general anesthesia with an exception of one study in which spinal anesthesia was used (14). All included studies evaluated the effect of preoperative oral gabapentin on postoperative CRBD at a dose of 600 mg, administered 1 or 2 h before surgery. The comparisons were as follows: five comparisons of placebo controls to gabapentin experimental arms (13, 19) and one blank control (18). Two studies investigated the role of gabapentin in percutaneous nephrolithotomy (13, 15), one study involved transurethral resection of bladder tumor (14), participants in one study underwent transurethral resection of the prostate (16), one study involved abdominal hysterectomy (18), and participants in one study received flexible ureteroscopes (17). In all studies, catheterization was done by using a 16-Fr Foley catheter, except one (16) without specifying the size of catheter and one (17) using a 16-Fr Foley catheter for man while a 12-Fr Foley catheter for woman. No baseline difference between groups was observed in all included studies. The characteristics of the included RCTs are summarized in Table 1.


[image: Figure 1]
FIGURE 1. Flowchart of the study selection.



Table 1. Characteristics of included studies.
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Risk of Bias Assessment

Based on the assessment conducted using the Cochrane Collaboration's tool, most of the studies had a “low risk” or an “unclear risk”. A summary of judgments made by reviewers for each risk of bias item for each included study is presented in Figure 2. The levels of certainty for key results are summarized in Table 2.


[image: Figure 2]
FIGURE 2. Risk of bias. (A) Risk of bias graph; (B) Risk of bias summary. Green = low risk of bias; yellow = unclear risk of bias; red = high risk of bias.



Table 2. The GRADE level of certainty for key results.
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Effects of Intervention


Moderate-to-Severe Postoperative CRBD

The incidence of moderate-to-severe CRBD was assessed at 0, 1, 2, and 6 h after surgery. A fixed effects model was used to estimate pooled effect size because no significant heterogeneity was observed among studies at 0, 2, and 6 h (I2 = 36%; 29%; 16%). A random effects model was used to calculate pooled effect size at 1 h for significant heterogeneity among studies (I2 = 59%). The incidence of moderate-to-severe CRBD reduced significantly at each time point (0 h: RR = 0.19, 95% CI: 0.11 to 0.31, p < 0.00001, GRADE = moderate; 1 h: RR = 0.40, 95% CI: 0.25 to 0.66, p < 0.001, GRADE = moderate; 2 h: RR = 0.38, 95% CI: 0.26 to 0.56, p < 0.00001, GRADE = moderate; 6 h: RR = 0.20, 95% CI: 0.11 to 0.38, p < 0.00001, GRADE = moderate). The meta-analysis results present in Figure 3.


[image: Figure 3]
FIGURE 3. Forest plot of moderate-to-severe postoperative CRBD. (A) Moderate-to-severe postoperative CRBD at 0h after surgery; (B) Moderate-to-severe postoperative CRBD at 1h after surgery; (C) Moderate-to-severe postoperative CRBD at 2h after surgery; (D) Moderate-to-severe postoperative CRBD at 6h after surgery.




Any Severity Postoperative CRBD

We evaluated the incidence of any grade CRBD at 0, 1, 2, and 6 h after surgery. The pooled effect size was calculated at 0, 2, and 6h (I2 = 0%; 37%; 0%) using a fixed effects model, and at 1 h (I2 = 82%) using a random effects model. The incidence of CRBD at 1 h was not significantly different between the two groups (RR = 0.55, 95% CI: 0.30 to 1.00, p = 0.05, GRADE = low). Furthermore, the incidence of CRBD was significantly reduced at 0, 2, and 6 h after surgery in the gabapentin group (0 h: RR = 0.59, 95% CI: 0.46 to 0.74, p < 0.0001, GRADE = low; 2 h: RR = 0.62, 95% CI: 0.51 to 0.75, p < 0.00001, GRADE = moderate; 6 h: RR = 0.66, 95% CI: 0.52 to 0.83, p < 0.001, GRADE = moderate). Figure 4 illustrates these results.


[image: Figure 4]
FIGURE 4. Forest plot of any severity postoperative CRBD. (A) Any severity postoperative CRBD at 0h after surgery; (B) Any severity postoperative CRBD at 1h after surgery; (C) Any severity postoperative CRBD at 2h after surgery; (D) Any severity postoperative CRBD at 6h after surgery.




Postoperative Pain

Four of the included studies recorded postoperative pain scores (VAS 0–10) at each time point (15, 17, 18, 20). Slightly low postoperative pain scores were observed in gabapentin group (0 h: MD = −1.40, 95% CI: −1.81 to −0.98, p < 0.00001, GRADE = low; 1 h: MD = −2.09, 95% CI: −3.39 to−0.78, p = 0.002, GRADE = low; 2 h: MD = −0.79, 95% CI: −1.34 to−0.25, p = 0.004, GRADE = low; 6 h: MD = −1.05, 95% CI: −1.95 to−0.15, p = 0.02, GRADE = low). The observed statistical heterogeneity (I2 = 0%; 97%; 79%; 88%) was not influenced by the type of surgery. The results are shown in Figure 5.


[image: Figure 5]
FIGURE 5. Forest plot of postoperative pain scores. (A) Postoperative pain scores at 0h after surgery; (B) Postoperative pain scores at 1h after surgery; (C) Postoperative pain scores at 2h after surgery; (D) Postoperative pain scores at 6h after surgery.


Rescue analgesics was performed in four of the included studies (13, 15, 16, 18), but due to large clinical heterogeneity, pooling of these data and meta-analysis was considered inappropriate. Therefore, a descriptive analysis has been adopted. Two studies used fentanyl as a postoperative analgesic (13, 18). Agarwal et al. (13) reported that gabapentin could significantly reduce total fentanyl administration and the number of patients requiring it postoperatively (p < 0.05). The study of Yang et al. (18) reported a decrease in the times of pressing patient-controlled analgesia (PCA) which was filled with fentanyl at 1, 2, and 6 h after surgery (p < 0.05). Maghsoudi et al. (15) administered patients with both paracetamol and pethidine (25 mg) to manage postoperative pain. They found that the total consumption of paracetamol and pethidine for 24 h after surgery were significantly lower in the gabapentin group compared with the control group (p < 0.001). Wang et al. (16) determined that gabapentin was effective for decreasing postoperative tramadol use. Not only the percentage of patients requiring tramadol and dose of tramadol use had a decrease, but also the time to the first tramadol request had prolonged within 48 h following surgery (p < 0.05). The details about postoperative treatment were shown in Supplementary Material.



Adverse Events

In previous researches, gabapentin was found associated with the higher risk of side-effects (e.g., dizziness, drowsiness, nausea and vomiting) (19, 20). However, these adverse events of gabapentin are difficult to be distinguished from common postoperative complications causing by some anesthetic drugs. In our analyses, one study (13) reported that no significant difference in postoperative sedation, nausea and vomiting, feeling of light-headedness, or headache between gabapentin and control group (detailed data not shown). One study (15) reported no significant adverse effects were seen during the whole trial. Three studies (16–18) shown that preoperative use of gabapentin was associated with low incidence of postoperative nausea and vomiting; however, no statistically significant differences were observed in postoperative nausea and vomiting between gabapentin and control groups (RR = 0.78, 95% CI: 0.53 to 1.17, p = 0.23, I2 = 26%, GRADE = moderate). Similarly, no statistically significant difference was observed in the incidence of dizziness (RR = 0.63, 95% CI: 0.28 to 1.45, p = 0.28, I2 = 0%, GRADE = moderate) (Figure 6).


[image: Figure 6]
FIGURE 6. Forest plot of adverse events. (A) Nausea and vomiting after surgery; (B) Dizziness after surgery.





Subgroup Analysis

Given that the different surgery types were crucial variables for the effect evaluation, a subgroup analysis of primary outcome was performed by dividing the study into two subgroups: transurethral and non-transurethral surgery. The result showed that in both groups, the incidence of moderate-to-severe CRBD reduced but the heterogeneity remained high (transurethral: RR = 0.33, 95% CI: 0.14 to 0.63, p < 0.01, I2 = 61; non-transurethral: RR = 0.42, 95% CI: 0.31 to 0.57, p < 0.00001, I2 = 73), indicating that whether or not patients received transurethral surgeries was not the main source of heterogeneity and our results were robust (Figure 7).


[image: Figure 7]
FIGURE 7. Subgroup analysis.




Sensitivity Analysis

We carried out sensitivity analyses of the primary outcomes by removing one study at a time. As a result, the pooled outcomes on the moderate-to-severe postoperative CRBD at 1 h after surgery were altered after omitting Agarwal's (13) and Maghsoudi's (15) studies. The other outcomes did not change (Figure 8).


[image: Figure 8]
FIGURE 8. Sensitivity analysis. (A) Sensitivity analysis by removing Agarwal's study. (B) Sensitivity analysis by removing Bala's study. (C) Sensitivity analysis by removing Maghsoudi's study. (D) Sensitivity analysis by removing Yang's study. (E) Sensitivity analysis by removing Cheng's study.





DISCUSSION

In this systematic review we provide a moderate-to-low level of certainty that preoperative oral gabapentin is associated with lower risk of moderate-to-severe CRBD at 0, 1, 2 and 6 h after surgery. Besides, preoperative oral gabapentin can reduce the overall incidence of CRBD at 0, 2 and 6 h. The findings suggest that gabapentin could be a potential preventive intervention for short-term postoperative CRBD in patients with transurethral catheterization. Although no meta-analysis has been previously conducted on the effects of gabapentin on postoperative CRBD, our results are consistent with previous reviews, which revealed that gabapentin administration could be an effective option for the prevention of CRBD. Bai and her colleagues reviewed 14 articles and concluded that muscarinic antagonists (e.g., gabapentin) and other agents appeared to reduce the incidence of CRBD compared with placebo (4). However, a meta-analysis could not be performed because only two studies regarding gabapentin were included in the analysis. Furthermore, in a network meta-analysis conducted by Hur and his colleagues, gabapentin was ranked best with regard to the overall incidence of CRBD (9). Nevertheless, only two RCTs on gabapentin included in this network meta-analysis and it did not evaluate postoperative pain and adverse events, the evidence remains underpowered.

A decrease in postoperative pain scores in gabapentin group has been observed in our study, but there might be no clinical significance considering appreciable minimally important variations in pain intensity (2 to 3 of 10) (21). In addition, though descriptive analyses we could draw a conclusion that preoperative oral gabapentin could reduce the use of painkillers after surgery. Actually, for a long time, gabapentin has been used for the treatment of many types of peripheral neuropathic pain including post-herpetic neuralgia (22, 23) and painful diabetic peripheral neuropathy (22, 24), but the mechanisms have been not well understood. Some experiments revealed that gabapentin could affect modulation of pain by central nervous system (25, 26), and neuroimaging studies indicated gabapentin might influence brain function in models of central sensitization and in patients with chronic pain (27).

No significant adverse effects were seen in gabapentin group. In a recent meta-analysis conducted for chronic neuropathic pain, compared with placebo, gabapentin was related to more dizziness (19 vs. 7%; p < 0.001) and drowsiness (14 vs. 5%; p < 0.001) (28). Nevertheless, the rates of side effects in our study were much lower than in these other studies. This would be owing to larger dose gabapentin being used for treating chronic pain (1,200–3,600 mg/d for 4–12 weeks rather than 600 mg for only once before surgery), suggesting that increased gabapentin dose might expose patients to increased risk of side effects.

To the best of our knowledge, this is the first meta-analysis to evaluate the efficacy and safety of gabapentin in the prevention of CRBD in surgical patients. We followed standardized recommendations, and developed well-defined and strict inclusion and exclusion criteria. We also used the Cochrane Collaboration's tool and GRADE system to evaluate the risk of bias and the overall level of certainty. Furthermore, we assessed clinically relevant outcomes from the perspectives of statistical and clinical significance to translate our findings into clinical practice. We undertook a series of subgroup and sensitivity analyses to explore potential sources of heterogeneity, and found that surgical site rather than the type of surgical procedure and anesthesia was the main source of heterogeneity.

However, the current study had several limitations. First, the small number of included studies is a major limitation. We could only conduct a pilot study whose results should be interpreted with caution. And we could not do further subgroup analysis based on the type of surgery and anesthesia, which might have an impact on patients' perception of bladder discomfort and pain. Second, the present study only evaluated the outcomes of gabapentin at 0, 1, 2, and 6 h, and a long-term effect could not be assessed due to insufficient data. Finally, except for nausea, vomiting and dizziness, the risk of other side effects of gabapentin such as postoperative sedation, respiratory depression, delirium, and postoperative ataxia could not be evaluated because the data was lacking.

One commonly accepted mechanism underlying the occurrence of CRBD is the activation of muscarinic acetylcholine receptors stimulated by the indwelling urethral catheter (8). Accordingly, gabapentin, an antimuscarinic agent, has been believed to be a promising prevention strategy. Our study confirmed that preoperative oral administration gabapentin was able to reduce the risk and severity CRBD as well as postoperative pain without significant side effects. Considering the long-term benefits and other potential side effects of gabapentin, we cannot interpret our results as strong evidence in favor of its off-label use. Larger studies are needed to assess the safety profile of this medication.



CONCLUSION

As an adjunct to surgery, preoperative oral gabapentin is effective in decreasing the risk and severity CRBD over a short period after surgery, and it can decrease postoperative pain without significant side effects. Nevertheless, further studies are required in future to assess the effectiveness and safety of gabapentin.
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