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Background: Gastrointestinal (GI) function can be a significant problem in critically ill patients and is associated with detrimental outcomes. The administration of opioids for pain reduction is thought to contribute to GI dysfunction. We tested whether nalbuphine, a mixed agonist/antagonist opioid modulator, can promote GI recovery in postoperative critical patients admitted to the intensive care unit (ICU) and compared it with fentanyl, a selective mu opioid receptor (MOR) agonist.

Methods: This is a multicenter, single-blind, randomized controlled trial to investigate whether nalbuphine improves the GI recovery in ICU patients after surgery, and compared it with fentanyl. The primary outcome was the time to first defecation. Secondary outcomes included the use of sedatives, enemas or laxatives, the acute gastrointestinal injury (AGI) grade, the incidence of vomiting, and the lengths of ICU and hospital stays.

Results: We randomized 436 patients, and a total of 369 patients were included in the modified intention-to-treat population (mITT) (185 to the nalbuphine group and 184 to the fentanyl group). The baseline demographic characteristics of the two groups were comparable after randomization. There was no significant difference in the time to defecation between the two groups [hazard ratio (HR) 0.94, 95% CI 0.74–1.19, p = 0.62]. There was no significant difference in the secondary outcomes between the two groups.

Conclusion: We found no evidence that nalbuphine administration can improve the GI function in postoperative critical patients admitted to the ICU compared with fentanyl. However, the CI was wide and we could not exclude the clinically important difference.
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INTRODUCTION

Gastrointestinal (GI) dysfunction frequently occurs in critically ill patients; it has an incidence of 50% on the 1st day of admission to the intensive care unit (ICU); and GI dysfunction is associated with increased mortality, the length of ICU stay, and medical costs (1, 2). Opioids are important medications that affect the GI function by inhibiting GI transit, secretion, and absorption (3, 4). The mu opioid receptor (MOR) mainly mediates the inhibition of GI tract. However, opioid administration is the mainstay for pain management in patients in the ICU, as pain is common in patients who are in the ICU (5). Therefore, it is crucial to balance GI function and opioid administration. Many properties should be considered when choosing opioids.

Fentanyl is the most commonly used opioid in the ICU; it is a selective MOR agonist and has a significant role in inhibiting the GI function (6). Nalbuphine is a kappa opioid receptor (KOR) agonist and a MOR antagonist opioid drug, and its beneficial effect on GI function has been demonstrated in animal models (7, 8). However, the clinical evidence regarding its impact on GI function is limited, and the results have been contradictory (9–11). In these studies, nalbuphine was administered as a preoperative medication, but the sample size of the study was small. Data on the impact of nalbuphine on GI function in critically ill patients are limited. Therefore, in this study, we investigated the effects of the agonist-antagonist analgesic nalbuphine and the pure MOR agonist fentanyl on the GI function in ICU patients after surgery.



METHODS


Study Design

This study was a multicenter, single-blinded, randomized, controlled trial comparing the two drugs, nalbuphine and fentanyl, in surgical patients admitted to the ICU. This study was approved by the ethics committee of Xijing Hospital (No. KY20192123-F-1). The study was registered at www.chictr.org.cn (ChiCTR1900025096).



Study Population

The trial was conducted in 7 ICUs in China. We included patients after surgery admitted to the ICU with a critical pain observation tool (CPOT) score ≥ 3 (12). The length of the ICU stay in the patients we included was predicted to be at least 48 h. Patients were excluded if they had a high Acute Physiologic Chronic Health Evaluation II (APACHE II) score ≥ 23 (13), had an acute gastrointestinal injury (AGI) grade ≥ 3, had severe liver dysfunction (Child-Pugh Grade C), were pregnant, had long time usage of opioids and sedatives, were currently in another trial, and had contraindications for taking the study drugs.



Study Intervention

Patients were randomized to either nalbuphine or fentanyl on a 1:1 basis. The central randomization system processed the randomization with a randomized competitive enrollment mode. We did not require the enrollment of each hospital; they can recruit until the total number of participants up to our sample size of 436. Each participating hospital can get the sequence number and the results of group randomization by inputting the simple information of patients. Our study was single-blinded; only patients did not know the randomization result because we have strict rules and regulations for opioid management. The assessors were not blinded to allocation. Nurses recorded the occurrence of vomit and the time of defecation in the ICU. After discharge from the ICU, we followed the time of defecation and secondary outcomes once a day before discharge from the hospital. We considered the potency ratio between the fentanyl and nalbuphine to be 100:l. Nalbuphine had similar analgesic effects with morphine, while fentanyl is 100 times potent compared with morphine (14, 15). The treatment group received nalbuphine, the loading dose of nalbuphine was 0.1 mg/kg, and the maintenance dose was 0.06 mg/kg/h. The control group received fentanyl with a loading dose 1 μg/kg and a maintenance dose 0.6 μg/kg/h. Clinicians could change the rate of the infusion pump to meet clinical needs of the patient, the maximum rate of pump was 4 ml/h in both groups. Both these drugs were diluted in 40 ml of 0.9% saline. The clinicians decided the duration of study drug administration that patients needed by the pain score of the patients. The clinicians decided to prescribe opioids according to clinical requirements, and the default prescription was determined by the results of randomization. The sedative drugs that were used included propofol, midazolam, and dexmedetomidine. Enemas and GI motility drugs were administered to the patients as needed. If the patients had no serious abdominal injuries, enteral nutrition could be initiated within 24 h. The variables measured during the study included the diagnosis at admission, age, lactate level, blood pressure, potassium concentration, the use of GI motility drugs, the method of nutrition, enema treatment, vasoactive drugs, and sedatives. We recorded these parameters during the first 48 h of admission to the ICU. The APACHE II score was recorded during the first 48 h of admission to the ICU.



Outcomes

The primary outcome was the time to first defecation. Secondary outcomes were the incidence of vomit, the use of sedatives and GI motility drugs, AGI grade, the length of ICU stay, and the number of hospital days. AGI had four grades of severity to describe the GI injuries (16). The AGI I grade in our study was composed of patients without an AGI and patients with an AGI grade I.



Statistical Analysis

For the sample size calculations, the average time to defecation in the ICU was 115.2 h with a SD of 98.4 h (17). With an alpha of 0.05 and power of 80%, a total of 360 patients needed to be recruited for a difference of 25% between the time to the first defecation. Target recruitment was set at 436 patients to account for a 20% loss to follow-up (218 in each group). We had no interim analysis.

The primary outcome was performed on the modified intention-to-treat population (mITT) basis, pre-protocol, and as-treated population. The primary analysis was assessed in the mITT. The per-protocol population excluded the patients who received the opposite drugs of randomization or who received either both or neither nalbuphine and fentanyl and the patients who had a length of ICU stay <2 days. The as-treated analysis was grouped according to the study drugs that the patients actually received after excluding the patients who received both or neither of the study drugs. The sensitivity analysis was conducted in the per-protocol and as-treated populations.

We used the R package to assess the distributions of the variables. Categorical variables were described as numbers and percentages, and continuous variables were described as the mean ± SD or medians and their 25th and 75th percentiles by different distributions. We used a Cox regression model and Mann–Whitney U-test in the time to first defecation. The Cox regression analysis was adjusted for age, sex, the use of sedatives, APACHE II score, and operation sites (post-hoc analysis). Proportional hazards assumption was verified between the treatment group and time in the model. The competing risk analysis was not required for our short observation period. The secondary outcomes were compared with Pearson's chi-squared and Mann–Whitney U-test. Risk ratio or median difference were calculated in the outcomes. A pre-specified subgroup analysis of the primary outcome was conducted on the following variables: age, the use of sedative and vasoactive drugs, laxatives, enemas, nutritional type, mechanical ventilation, surgical site, and ICU sites. The subgroup analyses were displayed as a forest plot with hazard ratio (HR) and 95% CI. Significance was determined by the value of p to investigate the effect of each variable on the defecation time of the two groups (post-hoc analysis). In the subgroup of ICU sites, we integrated the ICU sites with a small number of patients enrolled in performing the subgroup analysis due to the large difference in the number of enrolled patients in the different ICU sites.

Missing data were censored in the analysis of the primary outcome at the discharge from the hospital. In the secondary outcome, we had no missing data, because the secondary outcome we analyzed was within 48 h; for patients who had only 1 day in the ICU, we followed the occurrence of secondary outcomes the next day. In the exploratory analysis, we also explored the predictors of defecation in the ICU patients within 48 h by the univariate and multivariable regression analyses. We included factors based on clinical knowledge in the univariate analysis. In addition, statistically significant factors in the univariate analysis (≤ 0.05) were included in the multivariable analysis (18). The results were expressed by the odds ratio (OR) and their 95% CI. Statistical analyses were performed using R software (version 4.0.2) and SPSS software. A p ≤ 0.05 was considered statistically significant, and a two-sided hypothesis test was used in the analysis.




RESULTS

We randomized 436 patients, 218 patients were assigned to receive nalbuphine, and 218 to receive fentanyl. In all randomized patients, 369 were analyzed in the mITT (185 in the nalbuphine group and 184 in the fentanyl group). A total of 278 patients were included in the per-protocol analysis, and 333 patients were included in the as-treated analysis. We excluded patients without any recorded information and randomized number produced by randomized mistakes in the mITT analysis. The diagram shows the inclusion process of the participants in the trial (Figure 1). Recruitment was started from February 2020 to August 2021. There was no difference in the baseline characteristics between the two groups (Table 1). The diagnosis at admission and the surgical sites were equally distributed in both groups. The APACHE II score and the baseline AGI grade were well-balanced between the two groups. The patient characteristics in the per-protocol analysis and the as-treated analysis are shown in Supplementary Tables 1, 2.


[image: Figure 1]
FIGURE 1. Study flowchart. ICU, intensive care unit; APACHE II, Acute Physiologic Chronic Health Evaluation II; AGI, gastrointestinal injury.



Table 1. Demographic characteristics in the mITT population.
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Primary Endpoint

The primary endpoint, the time to first defecation, was not different between the two groups. The defecation occurred in 128/185 (69.2%) patients in the nalbuphine group and 145/184 (78.8%) participants in the fentanyl group. The median time of defecation in the nalbuphine and fentanyl groups was both 48 h in our study. Kaplan–Meier curves showing the time to first defecation in the nalbuphine and fentanyl groups are presented in Figure 2. The Cox regression analysis showed no significant difference between the two groups (HR 0.94, 95% CI 0.74–1.19). After adjusting the age, sex, the use of sedatives, APACHE II score, and operation sites, our study found no difference between the two groups (HR 0.98, 95% CI 0.78–1.26). The primary outcome was not different in the per-protocol population (HR 1.17, 95% CI 0.89–1.54) and the as-treated population (HR 1.23, 95% CI 0.96–1.56). There was no difference in the doses of opioids used between the two groups. The per-protocol analysis and the as-treated analysis results are shown in Supplementary Tables 1, 2. The proportional hazards assumption was valid in all the Cox models. In the mITT population, an estimated 3% of patients received fentanyl in the nalbuphine group, and 18% received nalbuphine in the fentanyl group. The exposure of the patients to the study treatment by sequence and treatment period is shown in Supplementary Figure 3. About 17.3% of the patients received other opioids in the nalbuphine group, and 12.5% in the fentanyl group. The other opioids that were frequently administered included sufentanil and remifentanil.


[image: Figure 2]
FIGURE 2. Time to the first defecation between the nalbuphine and fentanyl groups in the modified intention-to-treat population (mITT).




Secondary Endpoints

There was no difference between the groups about the incidence of vomiting and AGI grade. Additionally, there were no differences between the groups in the use of sedatives, laxatives, and enemas. The length of ICU stay and hospital stay had no difference in both groups. The data pertaining to the secondary outcomes are presented in Table 2. The secondary outcomes in the per-protocol and as-treated analyses are shown in Supplementary Tables 3, 4.


Table 2. The outcomes in the mITT population.
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Exploratory Analysis

The univariate logistic regression analysis and multivariable model based on the variables selected in the univariate analysis indicated that the surgical site, sedatives, and the APACHE II score were associated with the long defecation time within 48 h in the ICU (Supplementary Table 5). There was significantly no difference in the subgroup analysis (Figure 3). The recruitment numbers by the ICU site and the treatment group in the mITT analysis are shown in Supplementary Table 6.


[image: Figure 3]
FIGURE 3. Subgroup analyses of the primary outcome in the mITT.





DISCUSSION

In this randomized clinical trial, we found no statistically significant difference in the time to first defecation in patients after surgery in the ICU in the mITT population. There was also no significant difference in the per-protocol population and the as-treated population.

In our study, 26% of the patients had no stool before discharge from the hospital. The time of defecation in our study was earlier than previous studies that reported 4 and 6 days (19, 20). We think two reasons may be associated with this. First, the illness severity of the patients we included was relatively mild to moderate, and illness severity is an important factor that impacts the GI transit by reducing the interstitial cells of Cajal in the colon (21). The patients we included had a lower APACHE II score. Second, the proportion of constipation in medical patients was higher than in surgical patients in the ICU. The reported difference in constipation incidence ranged from 7 to 36% (2, 22). About 75% of the patients we included underwent orthopedic surgery without severe GI dysfunction, and 35% of the orthopedic surgery were cervical spinal cord injuries. We usually treated these patients with regular laxatives and enemas to enhance the GI recovery. The pain intensity in ICU medical patients was significantly higher than in surgical trauma patients (23).

Opioid receptors are widely distributed in the GI tract of humans, and the different receptors are located in different areas and mediate different functions of the GI tract (24). The clinically relevant actions of opioids are mediated predominately by MOR. However, our study did not find a benefit of nalbuphine on the GI function compared with fentanyl in ICU patients after surgery. The limitations in our study may cover the real outcome. However, recent studies suggested that nalbuphine did not shorten the time to the first flatus or the first defecation compared with sufentanil in patients after laparoscopic surgery for gynecological malignancies (25). Moreover, nalbuphine did not produce a worthwhile improvement in gastric emptying compared with pethidine in patients following the laparoscopic sterilization (26). So, the effect of nalbuphine in the GI function may not be as we imagined. Maybe another partly MOR that was not antagonized or the activation of KOR that did not find in the human GI tract had an important role in the effect of nalbuphine. Therefore, the substitution with an agonist-antagonist analgesic, such as nalbuphine for a pure MOR agonist in the ICU needs to consider more. GI dysfunction in critically ill patients is insufficiently understood (27). The different effects of the agonist-antagonist analgesic and pure MOR agonist on the GI function require further research.

We had large amounts of patients excluded in the mITT analysis. The randomized mistakes have occurred in the provider who did not participate in our study, but they know the randomization process. Meanwhile, for patients excluded without data recorded, these patients had no any information recorded at all. There was large non-adherence with the study treatments in our study, and the non-adherence was asymmetric between the groups. A reasonable hypothesis is that physicians administered nalbuphine in the fentanyl group based on the assessment of the potential benefit in the use of nalbuphine as compared with fentanyl. However, the per-protocol analysis did not find a difference between the two groups. Furthermore, the high non-adherence rate could decrease what might have been a significant difference between the two groups. The direction of the bias in the use of other opioids is also difficult to anticipate. Patients in the nalbuphine group received many other opioids; whether the interaction of different opioids strongly inhibits the GI tract and prolongs the defecation time in ICU patients is unclear.

This study has several limitations. First, clinicians were allowed to use opioid analgesics other than study drugs, and we did not exclude the effect of other opioid administrations in the ICU. We had some patients who received drugs that were different from the results of randomization. The cross-use of the study drugs and the large non-adherence may both mask the real difference between nalbuphine and fentanyl (28). We used mITT analysis, not an ITT analysis in our study, which increased the bias. Second, we did not consider the opioid administration during the surgery. Third, we had a short observation time. Fourth, we did not have detailed nutritional information, which is important for maintaining a normal GI function. Fifth, we did not record detailed information about the sedation and the analgesia, although analgesia dose was balanced between the two groups. Sixth, we only chose the first defecation time as the primary outcome ignoring bowel sounds recovery, abdominal pressure, gastric retention, and also some biomarkers, such as the plasma citrulline and plasma or urinary intestinal fatty acid-binding protein, all of these can also provide important information about the GI function in critically ill for our study. Finally, our study was conducted in China, the external validity was limited.



CONCLUSION

Our study found no statistically significant difference between nalbuphine and fentanyl regarding the time to first defecation in ICU patients after surgery; however, the CI was wide and we could not exclude the clinically important difference.



DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available because the information was not publicly available according to the local law. Requests to access the datasets should be directed to Yu Chen, chenyu007@gmail.com.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of Xijing Hospital (No. KY20192123-F-1). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

XZ and YC contributed to the concept and the design of the study. YY drafted the work. YY, ED, GW, BL, XL, AL, and GG performed the subject enrolment, data collection, and research governance. CL, BS, and YY analyzed the data. All authors revised it critically for important intellectual content, read, and approved the final manuscript.



FUNDING

This work was supported by the National Natural Science Foundation of China (81871603) and the Academic Abroad Plans of Xijing Hospital (XJZT19Z27 and XJZT19X03).



ACKNOWLEDGMENTS

We thank all the patients who participated in our research and the research staff at all the sites for their contributions. List of investigators: Xijing Hospital ICU—Peng Jiang, Zhanghua Guo, Jinlong Wang, Zongping Fang, Xin Chai, Dupeng Li, Wen Zhu, Dengqun Chen, Minghao Man, Haiyang Ma, Weichao Tao, Jianghong Wang, Zhuoxuan Bai, and Junwei Zhang; the Affiliated Honghui Hospital of Xi'an Juwtong University—Changliang Zhu, Nengying He, Weitao Zhang, XinWang Zhang, Xi Gao, Pan Lei, Jiang Shi, and Jing Ai; Hospital of NORINCO GROUP ICU—Junyu Chang, Ruirui Zhang, and Rui Zhang; Qinghai University Affiliated Hospital ICU—Lining Si; Aerospace General Hospital ICU—Fayong Mao; the Second Affiliated Hospital of Xi'an Medical University ICU—Menghua Luo, Jinhua Wang, Chengfei Luo, Rong Yang, and Shuixian Wang; the First Hospital of Lanzhou University ICU—Lei Zhu; the Affiliated 3201 Hospital to Medical College of Xi'an Jiaotong University ICU—Chengli Wang and Tian Fu; Qinghai provincial people's hospital ICU—Siqing Ma and Zongzhao He; the First Hospital of Yulin ICU—Ning Xu and Yong Deng; Yulin No. 2 Hospital ICU—Yongsheng Chen and Jinlong Zhang; the First Affiliated Hospital of Medical College of Shihezi University—Hang Xu and Shan Ren; and the Second Affiliated Hospital of Xi'an Jiaotong University ICU—Xiaochuang Wang, Gang Wang, and Yujie Zhao.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2022.836872/full#supplementary-material



REFERENCES

 1. Reintam A, Parm P, Kitus R, Kern H, Starkopf J. Gastrointestinal symptoms in intensive care patients. Acta Anaesthesiol Scand. (2009) 53:318–24. doi: 10.1111/j.1399-6576.2008.01860.x

 2. Mostafa SM, Bhandari S, Ritchie G, Gratton N, Wenstone R. Constipation and its implications in the critically ill patient. Br J Anaesth. (2003) 91:815–9. doi: 10.1093/bja/aeg275

 3. Rossi M, Casale G, Badiali D, Aielli F, Aloe Spiriti MA, Arcioni R, et al. Opioid-induced bowel dysfunction: suggestions from a multidisciplinary expert Board. Support Care Cancer. (2019) 27:4083–4090. doi: 10.1007/s00520-019-04688-2

 4. Patel D, Callaway J, Vaezi M. Opioid-induced foregut dysfunction. Am J Gastroenterol. (2019) 114:1716–25. doi: 10.14309/ajg.0000000000000354

 5. Devlin JW, Skrobik Y, Gélinas C, Needham DM, Slooter AJC, Pandharipande PP, et al. Beyond opioids for pain management in adult critically ill patients. Crit Care Med. (2018) 46:e825–73. doi: 10.1097/CCM.0000000000003298

 6. Payen J-F, Chanques G, Mantz J, Hercule C, Auriant I, Leguillou J-L, et al. Current practices in sedation and analgesia for mechanically ventilated critically ill patients: a prospective multicenter patient-based study. Anesthesiology. (2007) 106:687–95. doi: 10.1097/01.anes.0000264747.09017.da

 7. Hayes AG, Tyers MB. Determination of receptors that mediate opiate side effects in the mouse. Br J Pharmacol. (1983) 79:731–6. doi: 10.1111/j.1476-5381.1983.tb10011.x

 8. Asai T, Mapleson WW, Power I. Effects of nalbuphine, pentazocine and U50488H on gastric emptying and gastrointestinal transit in the rat. Br J Anaesthesia. (1998) 80:814–9. doi: 10.1093/bja/80.6.814

 9. Freye E, Helle G. [The agonist-antagonist nalbuphine prolongs gastro-cecal transit time and induces short-term pain following neuroleptanesthesia using fentanyl. A comparative study using a placebo]. Anaesthesist. (1988) 37:440–5.

 10. Shah M, Rosen M, Vickers MD. Effect of premedication with diazepam, morphine or nalbuphine on gastrointestinal motility after surgery. Br J Anaesth. (1984) 56:1235–8. doi: 10.1093/bja/56.11.1235

 11. Yukioka H, Rosen M, Evans KT, Leach KG, Hayward MW, Saggu GS. Gastric emptying and small bowel transit times in volunteers after intravenous morphine and nalbuphine. Anaesthesia. (1987) 42:704–10. doi: 10.1111/j.1365-2044.1987.tb05314.x

 12. Nordness MF, Hayhurst CJ, Pandharipande P. Current perspectives on the assessment and management of pain in the intensive care unit. J Pain Res. (2021) 14:1733–44. doi: 10.2147/JPR.S256406

 13. Salluh JIF, Soares M. ICU severity of illness scores: APACHE, SAPS and MPM. Curr Opin Crit Care. (2014) 20:557–65. doi: 10.1097/MCC.0000000000000135

 14. Patanwala AE, Duby J, Waters D, Erstad BL. Opioid conversions in acute care. Ann Pharmacother. (2007) 41:255–66. doi: 10.1345/aph.1H421

 15. Zacny JP, Conley K, Marks S. Comparing the subjective, psychomotor and physiological effects of intravenous nalbuphine and morphine in healthy volunteers. J Pharmacol Exp Ther. (1997) 280:1159–69.

 16. Reintam Blaser A, Malbrain MLNG, Starkopf J, Fruhwald S, Jakob SM, De Waele J, et al. Gastrointestinal function in intensive care patients: terminology, definitions and management. Recommendations of the ESICM Working Group on Abdominal Problems. Intensive Care Med. (2012) 38:384–94. doi: 10.1007/s00134-011-2459-y

 17. Guerra TL de S, Mendonça SS, Marshall NG. Incidence of constipation in an intensive care unit. Rev Bras Ter Intensiva. (2013) 25:87–92. doi: 10.5935/0103-507X.20130018

 18. Hidalgo B, Goodman M. Multivariate or multivariable regression? Am J Public Health. (2013) 103:39–40. doi: 10.2105/AJPH.2012.300897

 19. van der Spoel JI, Schultz MJ, van der Voort PHJ, de Jonge E. Influence of severity of illness, medication and selective decontamination on defecation. Intensive Care Med. (2006) 32:875–80. doi: 10.1007/s00134-006-0175-9

 20. Prat D, Messika J, Millereux M, Gouezel C, Hamzaoui O, Demars N, et al. Constipation in critical care patients: both timing and duration matter. Eur J Gastroenterol Hepatol. (2018) 30:1003–8. doi: 10.1097/MEG.0000000000001165

 21. Shimizu K, Ogura H, Matsumoto N, Ikeda M, Yamamoto H, Mori M, et al. Interstitial cells of Cajal are diminished in critically ill patients: Autopsy cases. Nutrition. (2020) 70:110591. doi: 10.1016/j.nut.2019.110591

 22. Launey Y, Painvin B, Roquilly A, Dahyot-Fizelier C, Lasocki S, Rousseau C, et al. Factors associated with time to defecate and outcomes in critically ill patients: a prospective, multicentre, observational study. Anaesthesia. (2021) 76:218–24. doi: 10.1111/anae.15178

 23. Chanques G, Sebbane M, Barbotte E, Viel E, Eledjam J-J, Jaber S. A prospective study of pain at rest: incidence and characteristics of an unrecognized symptom in surgical and trauma versus medical intensive care unit patients. Anesthesiology. (2007) 107:858–60. doi: 10.1097/01.anes.0000287211.98642.51

 24. Yan Y, Chen Y, Zhang X. The effect of opioids on gastrointestinal function in the ICU. Crit Care. (2021) 25:370. doi: 10.1186/s13054-021-03793-1

 25. Chen J-W, Tian L, Zhang L, Hu J-Y, Huang S-Q, Jiao J. Nalbuphine on postoperative gastrointestinal tract dysfunction after laparoscopic surgery for gynaecological malignancies: A randomized controlled trial. Clin Exp Pharmacol Physiol. (2021) 48:170–6. doi: 10.1111/1440-1681.13421

 26. Slattery PJ, Mark A, Couch RAF. Analgesic and gastrointestinal effects of nalbuphine — a comparison with pethidine. Anaesth Intensive Care. (1986) 14:121–5. doi: 10.1177/0310057X8601400202

 27. Reintam Blaser A, Preiser J-C, Fruhwald S, Wilmer A, Wernerman J, Benstoem C, et al. Gastrointestinal dysfunction in the critically ill: a systematic scoping review and research agenda proposed by the Section of Metabolism, Endocrinology and Nutrition of the European Society of Intensive Care Medicine. Crit Care. (2020) 24:224. doi: 10.1186/s13054-020-02889-4

 28. Fergusson D, Aaron SD, Guyatt G, Hébert P. Post-randomisation exclusions: the intention to treat principle and excluding patients from analysis. BMJ. (2002) 325:652–4. doi: 10.1136/bmj.325.7365.652

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Yan, Lei, Su, Dong, Wang, Li, Li, Li, Gan, Chen and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-09-836872-t002.jpg
Outcomes Nalbuphine (n = 185) Fentanyl (n = 184) P-value Risk ratio or median difference (95% CI)

AGI Grade 0.98° 1.01 (0.50-1.71)"
10 (%) 152 (82.2) 151 (82.1) 1.00 (0.91-1.01)"
10 (%) 33(17.8) 33(17.9) 096 (0.64-1.54)"
Vormit, n (%) 30(16.2) 26 (14.1) 0540 086 (0.53-1.39)"
Sedation 0.13

Propofol, n (%) 14(76) 22(12)

Dexmedetomidine, n (%) 120 (64.9) 98(533)

Midazolam, n (%) 10 (5.4) 15(8.2)

Enema/Laxative, n (%) 46 (24.9) 47 (25.5) 0.88° 097 (0.68-1.38)
Length of ICU stay, median (IOR], days 3[2,4) 3[4 08 o
Hospital stay, median [IQR], days 12[8,17) 115(7,16] 0.29° 11,2

AGI, gastrointestinal injury.

Apearson’s chi-squared; ®Mann-Whitney U-test; “risk ratio; **median difference.
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Characteristics

Age, median [[OR), years
Sexn (%)

Male

Female

Body mass index median
IOR, kg/m?

APACHE.Il median IQR]
Diagnosis on admission
Trauma, n (%)

Spinal disease, n (%)
Digestive disease, n (%)
Other, n (%)

AGI grade

1,0 (%)

1l n (%)

Lactate median IQR],
mmolL

K* median IQR], mmol/L.
Surgical site

Abdomen, n (%)

Limbs, n (%)

Cervical, n (%)

Other, n (%)

Systolic pressure median
[IQR), mmHg

Diastolic pressure median
[IQR], mmHg

Nalbuphine (n = 185)

53 [41,64)

105 (66.8)
80 (432)
23,66 (2197, 25.39]

96, 1)

100 (54.1)
30(16.2)
10 (5.4)
45 (24.3)

162 (67.6)
23 (12.4)
16(12,2.1)

487,48

30(16.2)
54(292)
55(29.7)
46 (24.9)

127 [112, 140]

75 (65, 81)

Fentanyl (n = 184)

52[41,64)

114 (62)
70(38)
23.44 (21.48, 25.08)

96, 12)

98 (53.3)
25 (13.6)
15(8.2)
46 (25)

148 (80.4)
36(19.6)
1.65(1.1,2.3)

4.06 (3.7, 431)

34(185)
50 (27.2)
50 (27.2)
51(7.7)

125 [114, 139)

7450 [64, 82)

mITT, modified intention-to-treat population; AGI, gastrointestinal injury.
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