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Background: This study aimed to investigate the influential factors of postoperative pain trajectories and morphine consumption after hepatic cancer surgery with a particular interest in multimodal analgesia.

Methods: Patients receiving hepatic cancer surgery at a tertiary medical center were enrolled between 2011 and 2016. Postoperative pain scores and potentially influential factors like patient characteristics and the analgesic used were collected. Latent curve analysis was conducted to investigate predictors of postoperative pain trajectories and a linear regression model was used to explore factors associated with postoperative morphine consumption.

Results: 450 patients were collected, the daily pain scores during the first postoperative week ranged from 2.0 to 3.0 on average. Male and higher body weight were associated with more morphine consumption (both P < 0.001) but reduced morphine demand was noted in the elderly (P < 0.001) and standing acetaminophen users (P = 0.003). Longer anesthesia time was associated with higher baseline pain levels (P < 0.001). In contrast, male gender (P < 0.001) and standing non-steroidal anti-inflammatory drugs (NSAIDs) use (P = 0.012) were associated with faster pain resolution over time.

Conclusions: Multimodal analgesia with standing acetaminophen and NSAIDs had benefits of opioid-sparing and faster pain resolution, respectively, to patients receiving hepatic cancer surgery.
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INTRODUCTION

Hepatocellular carcinoma (HCC), the most frequent primary liver cancer, often derives from chronic liver disease (1). Although a variety of therapeutic options are available, surgical resection remains one of the main curative therapeutic modalities for HCC (2, 3). However, surgical liver resection, especially open hepatectomy with the use of a subcostal incision, is associated with significant postoperative pain. Adequate pain control after liver resection is essential for early mobilization and enhanced recovery (4). Inadequate postoperative pain management is related to postoperative complications and impaired clinical outcomes, prolonged length of hospital stay, increased medical costs, development of chronic pain, and worse patient quality of life (5).

Multimodal analgesia is the concept of combining different analgesic modalities that work through different mechanisms of action to achieve better pain relief while reducing opioid consumption as well as drug-related adverse effects (6–8). Since its introduction in 1993 by Kehlet and Dahl (9), multimodal analgesia has been extensively studied but few studies had ever investigated how multimodal analgesics work together to alter postoperative pain over time after hepatic cancer surgery. Accordingly, it is of interest and importance to guide clinical pain management after hepatic cancer surgery with the aid of a trajectory analytical tool like the latent curve model (10) for better interpretation of variations in postoperative pain over time (11).

In order to investigate the influential factors of postoperative pain trajectories in patients with hepatic cancer surgery, we conducted this retrospective study and employed latent curve analysis to explore factors associated with the variations in postoperative pain trajectories over time. We hypothesized that the use of multimodal analgesics, along with other patient characteristics and surgical features, would modify the postoperative pain trajectories over time and reduce opioid consumption. Furthermore, the final predictive models which best accounted for the changes in postoperative pain trajectories over time, opioid consumption, and length of hospital stay after hepatic cancer surgery would also be determined after the model selection processes.



MATERIALS AND METHODS


Setting and Patient Selection

After the approval of the Institutional Review Board of Taipei Veterans General Hospital, (IRB-TPEVGH No. 2019-07-004BC), we conducted this retrospective study in our hospital and the inclusion criteria were patients undergoing curative surgery for stage I-III hepatocellular carcinoma with postoperative intravenous patient-controlled analgesia (IVPCA) between March 2011 and December 2016. The exclusion criteria were repeat surgery, liver transplantation for HCC, or distant metastasis diagnosed at the time of surgery. All data were extracted from our electronic medical record system by an anesthesiologist not involved in statistical analysis. Data quality was verified through random sampling by the authors.



Postoperative Pain Management

In brief, liver cancer surgery was performed under general anesthesia with inhalation agents and neuromuscular blocking. Intravenous fentanyl 2–4 ug/kg was also given at the induction of general anesthesia and no other analgesics were used intra-operatively. IVPCA was administered after surgery via an infusion pump (Gemstar™ Yellow, Hospira, IL, USA) to deliver morphine with a bolus dose of 0.8–1.2 mg and a lockout interval of 6 min and typically continued for about 3 days after surgery. Acetaminophen and non-steroidal anti-inflammatory drugs (NSAIDs) might also be used for postoperative pain relief during the course of IVPCA or after the end of the IVPCA course on the 4th postoperative day.



Pain Measurements, Data Collection, and Endpoints

The primary endpoint was postoperative pain scores evaluated using a self-report numerical rating scale (NRS) from 0 to 10, with 10 being the maximum imaginable pain and 0 indicating no pain at all, by nurses in charge at least one time per day after surgery. In this study, the mean daily NRS pain scores during the first postoperative week were collected and employed in the subsequent analyses. The secondary endpoints were morphine consumption during the first three postoperative days and length of hospital stay (LOS) after surgery. Other collected variables included comorbidities, severity of liver cirrhosis, serum aspartate aminotransferase (AST), and alanine aminotransferase (ALT). Besides, surgical features such as blood loss (log-transformed), perioperative transfusion (including packed red blood cell, fresh frozen plasma, or platelet), uses of laparoscopic or robot-assisted techniques, and anesthesia time (log-transformed) were gathered as well.



Statistical Analysis

Patient attributes and pain scores are presented as mean with SD or count with percentage as appropriate. Right-skewed continuous variables like surgical blood loss and anesthesia time were log-transformed. Latent curve analysis with two parameters, intercept and slope, for baseline and decreasing trend of postoperative pain trajectories, respectively, was performed to evaluate how analgesic modalities and patient characteristics affected the variations in pain scores over time. A backward model selection strategy was used to identify explanatory variables of the intercept and slope parameters and determine the final multiple predictors model. The details of statistical technique on latent curve analysis refer to the previous literature (12). The root mean square error of approximation (RMSEA) was used to evaluate the model fit and the values of <0.1 indicated acceptable model fit (13). Linear regression analysis with a stepwise model selection strategy was employed to explore predictors of morphine consumption in the first three postoperative days and log-transformed LOS. All latent curve analyses were implemented using AMOS 18.0 (SPSS Inc., Chicago, IL, USA). Other statistical analyses were conducted with PASW 18.0 software (SPSS Inc., Chicago, IL, USA).




RESULTS

A total of 450 patients undergoing liver cancer surgery were included in the analysis and their characteristics are presented in Table 1. Note that only 7.1 and 5.6% of patients received standing acetaminophen and NSAIDs, respectively, during the IVPCA course. The mean pain scores were 3.0, 3.6, and 2.8 for patients using pure IVPCA, IVPCA combined with NSAIDs, and IVPCA combined with acetaminophen on the postoperative day (POD) 1, respectively. Afterward, the pain intensity fluctuated and decreased gradually to 2.0, 1.8, and 2.0 for these three groups on POD 7 (Figure 1). The mean morphine consumption during the first three postoperative days was 76.9 mg and the length of hospital stay after surgery was 11 days.


Table 1. Patient characteristics.
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FIGURE 1. Daily mean pain scores during the first postoperative week after liver cancer surgery.


The results of the univariate analysis using the single predictor latent curve model are presented in Table 2. Notice that standing acetaminophen was not associated with intercept or slope parameters in the univariate analysis. Table 3 illustrates the results of the final model in the latent curve analysis after the backward model selection. Four independent predictors were associated with the intercept parameter of postoperative pain trajectory. Bodyweight, anesthesia time, and standing NSAIDs use exerted positive effects on intercept but diabetes is negatively associated. In contrast, five variables were significantly related to the slope parameter and diabetes exhibited the only positive association with the slope, which means a smoother decreasing trend in pain resolution. Male, higher body weight, laparoscopic or robotic surgery, and standing NSAIDs use had a negative connection to the slope parameter of postoperative pain trajectory, which implied a faster pain resolution after surgery. Based on our analytical results, the daily mean pain score during the first postoperative week can be estimated using the prediction model in Table 3. The RMSEA value of the final model was 0.08 and the graphic presentation of the final model is illustrated in Figure 2.


Table 2. Univariate analysis.
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Table 3. Final multiple predictors model for postoperative pain trajectory.
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FIGURE 2. Final multiple predictors latent curve model. *Log2 transformed.


With respect to the explanatory model of morphine consumption during the first three postoperative days, four predictors were identified after the model selection in Table 4. Note that higher age and standing acetaminophen use was negatively associated with morphine consumption after surgery but bodyweight and the male gender were connected to increasing morphine demand. Table 5 shows seven model selected predictors of length of hospital stay after liver cancer surgery and five of them associated with an increased hospital stay, including more blood loss during surgery, diabetes, older age, longer anesthesia time, and liver cirrhosis. In contrast, greater body weight had the connection to a shorter hospital stay and on average, laparoscopic or robotic surgery tended to decrease 18% of the length of hospital stay after liver cancer surgery.


Table 4. Predictors of morphine consumption.
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Table 5. Predictors of length of hospital stay.
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DISCUSSION

In the present study, latent curve analysis was applied to model the longitudinal data of postoperative pain scores in patients receiving hepatic cancer surgery with IVPCA, and the potentially influential factors of postoperative pain trajectory were also investigated. We demonstrated that acetaminophen reduced morphine consumption during the postoperative period, whereas NSAIDs hasten pain resolution over time. When investigating the efficacy between different types of non-opioid analgesics, most studies took 24-h total morphine consumption as the primary outcome (14–17). Upon prior studies, however, some authors questioned the practicality of current conclusions of meta-analyses (18) and implied that morphine consumption may not be a good indicator for the usefulness of an analgesic (14). Since postoperative pain tends to fluctuate over time, our study evaluated pain trajectories with latent curve analysis that may better reveal the dynamic changes of postoperative pain and identified their influential factors, including patient characteristics, surgical features, and analgesic modalities in the clinical setting of hepatic cancer surgery. Furthermore, a prediction model was established to estimate pain trajectories during the first postoperative week, which provided valuable information to guide pain management after hepatic cancer surgery.

Contemporary pain management is committed to finding the best combination regimens of non-opioid analgesics as opioid-sparing strategies, yet no well-established “gold standards” for specific procedures exist currently (19). Prior meta-analyses reported the superiority of analgesic associations containing NSAIDs while comparing 24-h morphine consumption (15, 16, 20); on the other hand, the benefit of acetaminophen alone with morphine is more controversial (21–23). The combination of several nonopioid analgesics may produce an additive or even synergistic effect (14, 17). Our analysis demonstrated the independent effect of standing acetaminophen mainly exerted on the total morphine consumption but not associated with the baseline value (intercept) nor the decreasing rate (slope) of postoperative pain scores. On the contrary, standing NSAIDs showed interesting results: the independent effect not only hasten pain resolution (slope) but also increased the baseline value (intercept). A possible explanation of this finding is that patients who suffered from more severe postoperative pain tended to be administered NSAIDs as an adjunct for pain management, hence resulting in an increased baseline level of postoperative pain. In contrast, patients receiving standing acetaminophen may subjectively have neither lower baseline pain level nor faster pain resolution. Nevertheless, a decreased total morphine consumption was recognized and consequently, acetaminophen may have the potential for lowering opioid-related adverse events. In comparison, NSAIDs had no significant effect on total morphine consumption in our study.

Our study demonstrated that older patients tended to consume less morphine but aging neither affected baseline pain level nor hasten pain resolution. Prior reports showed that older age had lower pain sensitivity and better pain resolution from analgesics compared with their younger counterparts (24–26), comparing with our results. A possible explanation based on patient and surgical characteristics is that patients receiving hepatic cancer surgery were relatively younger (mean age of 62 years old) and the aging effect on postoperative pain was not a great issue in our study. Nevertheless, further investigation is necessary to unveil how aging affects pain trajectory after hepatic cancer surgery.

Some studies have addressed the relationship between body weight and postoperative pain intensity, as well as analgesic consumption, and the conclusions were conflicting (25). Our study discovered that higher body weight tended to increase morphine consumption and baseline pain level postoperatively. Furthermore, a trajectory of faster pain resolution was also found but the clinical significance of these findings should be interpreted carefully. Periasamy and colleagues reported that men undergoing intra-abdominal surgeries required more morphine in the postoperative period than women (27). Kannampallil et al. conducted a large-scale cohort study that also showed similar results (28). Our study was in line with the preceding literature. Furthermore, our analysis demonstrated that the postoperative pain score decreased faster in men, while there was no sex difference in the baseline pain level. However, a systemic review failed to determine sex as a predictor for either postoperative pain intensity or morphine consumption, which could be due to the difference in patient characteristics and sample size among separate studies (25). Note that our study included only patients receiving curative hepatic cancer surgery to reduce heterogeneity in patient features.

Several predictors of LOS after hepatic cancer surgery were identified in the current study. Among them, laparoscopic or robotic surgery showed the strongest tendency (18%) to decrease LOS after hepatic cancer surgery. The result was supported by other studies, including large-scale meta-analyses (29, 30). On the other hand, the relationship between multimodal analgesia and LOS were widely investigated in recent years. Several studies reported the advantages of multimodal analgesia toward shortening LOS in different types of surgery, including spine surgeries, colorectal surgeries, prostate surgeries, and orthopedic surgeries (31–34). However, few studies related to liver cancer surgery demonstrated this correlation (35). This may imply that LOS after liver cancer surgery is mainly determined by the patient and surgical features and the benefit of multimodal analgesia to postoperative pain relief is of limited value to further reduce LOS.

There were some limitations to the present study. First, this was an observational study and it was not possible to assess the effects of unobserved variables like preoperative pain scores, chronic analgesic medications, psychologic distress, and so on. Uncollected factors like physician preference might also be associated with the use of standing NSAIDs or acetaminophen and should be considered in future studies. Second, the study was conducted at a single medical center and the generalizability of our findings awaits further investigations. Third, the evaluation of adverse events related to multimodal analgesias, such as nausea, vomiting, sedation, gastrointestinal bleeding, and pruritus (17, 36) was beyond the scope of our study and could be considered in the future. Finally, postoperative complications which might affect outcomes (e.g., intraperitoneal hemorrhage, ascites, infection, bile leakage, thromboembolism) were not considered in the analysis due to data unavailability.

In conclusion, standing acetaminophen and NSAIDs had benefits of opioid-sparing and faster pain resolution, respectively, to patients receiving hepatic cancer surgery with IVPCA. However, their uses were not associated with LOS after hepatic cancer surgery. Latent curve analysis provided valuable information about the variations in postoperative pain trajectories over time and their influential factors. Future studies should further explore the relationships between more explanatory variables and dynamic changes in postoperative pain trajectories over time and elucidate their underlying mechanisms.
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