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A B S T R A C T   

Introduction: To make early predictions of PACU VAS before surgery, we created a novel nomo
gram for the early prediction of PACU VAS in patients having laparoscopic radical excision of 
colorectal cancer with fentanyl. 
Methods: From July 2018 to December 2020, a total of 101 patients in Zhongshan Hospital 
Affiliated to Fudan University who underwent laparoscopic radical resection of colorectal cancer 
were enrolled in this study. For feature selection, a stepwise regression model was utilized. 
Multivariable logistic regression analysis was used to establish a prediction model. We incorpo
rated age, gender, weight, height, fentanyl dosage during operation, operation time, and OPRM1 
genotype, and this was presented with a nomogram. The nomogram’s performance was evaluated 
in terms of discrimination and clinical utility. 
Results: The signature, which comprised of seven carefully chosen characteristics, was linked to 
the PACU VAS for the development dataset. Predictors contained in the individualized prediction 
nomogram included age, gender, weight, height, fentanyl dosage during operation, operation 
time, and OPRM1 genotype. With an area under the ROC curve of 0.877 (95% CI, 
0.6874–1.0000), the model showed good discrimination. The nomogram still had good 
discrimination. Decision curve analysis demonstrated that the nomogram was clinically useful. 
Conclusions: The nomogram presented in this study incorporates age, gender, weight, height, 
fentanyl dosage during operation, operation time, and OPRM1 genotype and can be conveniently 
used to facilitate the individualized prediction of PACU VAS in patients undergoing laparoscopic 
radical resection of colorectal cancer with fentanyl.   

1. Introduction 

Effective pain control must be provided after surgery, which is very important to accelerate postoperative recovery, shorten the 
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hospitalization period and improve patient satisfaction [1]. At present, fentanyl is widely used in anesthesia and patient-controlled 
analgesia (PCA) because of its strong and quick analgesic effect [2]. Its usage and dose are mainly based on the patient’s height 
and weight, as well as the clinical experience of the anesthesiologist. However, the response to fentanyl varies among people. The 
insufficient or excessive dose is prone to occur during the anesthesia process. The former will lead to incomplete analgesia, while the 
latter will lead to severe respiratory depression [3,4]. Individualized application of fentanyl is critical to perioperative pain man
agement and clinical treatment. 

Many studies have shown that individual differences in fentanyl response are closely related to the human genetics [5,6]. 
Mu-opioid receptor (MOR) is encoded by human opioid receptor-1 gene (OPRM1) and is the main target of fentanyl. One of its SNP 
A118G, which is common and important in OPRM1, leads to a change in the amino acid at the extracellular glycosylation site of MOR 
cells. OPRM1 A118G polymorphism can affect the function of MOR. 

1.1. Study aims 

To effectively predict opioid drug response to opioid drugs and enhance their safety and efficacy, we developed a new multivariate 
prediction model of the Visual Analogue Score (VAS) in the post-anesthesia care unit (PACU) by combining maternal factors, age, 
weight, height, the dose of fentanyl, gender, operation time and genotype of OPRM1. The prediction model was evaluated using the 
area under the ROC curve and the clinical decision curve. Our prediction algorithm identifies the object indications during the usual 
preoperative assessment, therefore no further tests are required. We established a simplified multiparameter risk scoring system for 
predicting VAS in PACU, which is suitable for clinical practice. 

2. Materials and methods 

2.1. Study design and population characteristics 

A total of 101 patients who underwent laparoscopic resection for colon cancer, from July 2018 to December 2020, were enrolled in 
this study. All included patients were informed and signed informed consent. 

Inclusion criteria: patients aged 45–70 years old, and American Society of Anesthesiologists (ASA) class I-II. 
Exclusion criteria: morbid obesity or extreme emaciation (BMI>30 or <20 kg/m2), liver and kidney dysfunction, chronic pain, 

patients who have taken enzyme inducers and inhibitors that affect CYP3A4 enzyme activity within 1 month. 
Withdrawal criteria: subjects asked to withdraw informed consent, change in operation mode during operation, and the intra

operative blood loss reaching more than 500 ml. 

2.2. Data source and research strategy 

Data were obtained from patient medical records. The maternal candidate predictor factors selected were trustworthy, quantifi
able, frequent, and predictive. Variables considered in our modeling were as follows: age, weight, height, the intraoperative dose of 
fentanyl, operation time, gender, and genotype of OPRM1. 

2.3. Analgesia methods and evaluation 

No preoperative medication was applied to patients before they entered the operating room. Before induction, the anesthesia mask 
was used for oxygen and the removal of nitrogen. Fentanyl 3 μg/kg, propofol 2 mg/kg, and CIS atracurium 0.2 mg/kg were used for 
intravenous induction. No supplementary respiration was performed during the induction. Endotracheal intubation was performed 3 
min after all the intravenous induction had been done. Spontaneous respiration was cultivated after peritoneal suture. The dose of 
fentanyl was adjusted according to the spontaneous respiratory rate. After patients became conscious, the tracheal tube was removed, 
and they were sent to the postanesthesia care unit (PACU). 

Patient-controlled intravenous analgesia (PCIA) was performed with the PCA pump. The pump was attached to the intravenous 
tube after the tracheal tube was removed. The patient was observed in PACU for 1 h. If the visual analogue scale/score (VAS) ≥4, the 
patient-controlled dose of fentanyl, i.e. 20 μg, was delivered. If necessary, it could be given repeatedly until the VAS score was less than 
4. The analgesic effect and adverse reactions were observed at PACU. 

2.4. Evaluation indexes and methods 

The patient’s blood pressure, heart rate, pulse, oxygen saturation, electrocardiogram, and other vital signs were monitored. The 
following domains were recorded: the fentanyl consumption; the VAS score from the beginning of surgery to 48 h after surgery. 

The primary endpoint was that the spontaneous breathing rate of patients was stable at ≤ 10 times/minute before the removal of 
the tracheal tube, and the secondary endpoint was a VAS score of less than 4 when the patient left PACU. 

2.5. Detection of genotypes 

Main instruments and reagents included Applied Biosystems 7500 Fast Realtime PCR System (Thermo Fisher Scientific (China) Co., 
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Ltd.), AB3730 sequencer (ABI, USA), Lab-Aid 820 Midi reagent for nucleic acid extraction (Xiamen Zhishan Biotechnology Co., Ltd.), 
Permix Taq@Hot Start Version (Bao Bioengineering (Dalian) Co., Ltd.), and sequencing reagent (Thermo Fisher Scientific (China) Co., 
Ltd.). 

Two milliliters of EDTA-K2 anticoagulant were collected before the operation. Lab-Aid 820 Midi reagent was used for DNA 
extraction in strict accordance with the instructions. The DNA was then stored at − 20 ◦C until detected. 

The software Oligo7 was used for PCR primer design. OPRM1 A118G (5′-3′) F-TTGGACTTTAAATATGGCAA; R- 
CATACATTGGAAATACTTAG. 

Reaction conditions: 94 ◦C for 5 min; 45 cycles (94 ◦C for 30 s; 56 ◦C for 30 s; 72 ◦C for 30 s); 72 ◦C for 5 min; insulation at 4 ◦C. After 
purification, the PCR amplification products were sequenced on ABI 3730 DNA Analyzer, and the results were analyzed by software 
Chromas. 

The present study conformed to the principles of the Declaration of Helsinki. Approval was obtained from the Research Ethics 
Committee of the Zhongshan Hospital of Fudan University (Approval number: B2018-054R). 

2.6. Statistical analysis 

Statistical analysis was performed using R version 3.4.1 (R Foundation for Statistical Computing) and the software IBM SPSS 
(version 21.0). Bivariate analysis was examined using the Mann–Whitney U test for continuous and ordinally distributed variables and 
the chi-squared test for categorical variables. For further analysis, a nomogram was formulated based on a multivariate logistic 
regression analysis. The forward-backward stepwise selection was applied by using the likelihood ratio test with Akaike’s information 
criterion as the stopping rule [7]. The discrimination was quantified with the area under the receiver operating characteristic (ROC) 
curve. The ‘rms’ package was used for the nomogram and calibration curve. Individual predictions were either calculated from no
mograms or obtained from the original data for the scoring system. Decision curve analysis was conducted to determine the clinical 
usefulness of the nomogram by quantifying the net benefits at different threshold probabilities in the validation dataset [8,9]. All 
statistical tests were two-sided, and P-values of <0.05 were considered significant. 

3. Results 

3.1. Clinical characteristics 

Fig. 1 contains the flow chart of the participants. The clinical and outcome data for subjects were obtained from clinical records. All 
patient characteristics, including age, gender, weight, height, the dosage of fentanyl, operation time, and genotype of OPRM1 A118G 
are described in Table 1. 

There was no significant difference in age (59.53 ± 5.87 vs 61.67 ± 4.00), gender, weight (62.23 ± 9.17 vs 64.22 ± 7.60 kg), 
height (164.80 ± 7.77 vs 162.89 ± 6.53 cm), the dosage of fentanyl (8.95 ± 2.02 vs 10.21 ± 2.28 μg/kg) or operation time (2.33 ±
0.54 vs 2.26 ± 0.33 h) between VAS<4 and VAS≥4. 

3.2. Feature selection 

Factors with significant differences in the univariate analysis were included in the regression analysis or useful parameters in 

Fig. 1. Flowchart of participants.  
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clinical application. Based on univariate results, multifactorial logistic regression analysis of each operation was carried out. Among 
texture features, 15 were reduced to 7 potential predictors based on 101 patients in the research with the stepwise multivariable 
logistic model. The seven features that we screened were age, gender, weight, height, dosage of fentanyl, operation time, and genotype 
of OPRM1, as shown in Table 2. 

3.3. Development of an individualized prediction model 

A logistic regression analysis identified the 7 features as independent predictors. The model that incorporated the above inde
pendent predictors was developed and is presented as the nomogram (Table 2 and Fig. 2). 

3.4. Apparent performance of the nomogram in the subjects 

Using a nomogram, the value of a single subject is located on each variable axis, and a line is drawn upward to determine the 
number of points for each variable value. The sum of these figures is on the total and sub-axis, and a line is drawn down to determine 
the risk of the vas. 

The area under the ROC curve for the prediction nomogram was 0.877 (95% CI, 0.6874–1.0000) for the subjects’ dataset (Fig. 3). 

3.5. Clinical use 

The decision curve analysis for the preeclampsia nomogram is presented in Fig. 4. The decision curve showed that if the threshold 
probability of a patient was between 10 and 95%, the use of the nomogram to predict PACU VAS in patients undergoing laparoscopic 
radical resection of colorectal cancer with fentanyl added more benefit than either using traditional methods scheme. 

The y-axis measures the net benefit. The nomogram is shown by the dotted line. The assumption shown by the solid black line is 
that all patients with PACU VAS≥4. The solid gray line represents the assumption that no patients with PACU VAS≥4. The net benefit 
was calculated by subtracting the proportion of all patients who are false positive from the proportion who are true positive [10]. 

4. Discussion 

We propose a new scoring system based on individual factors, the dose of fentanyl, operation time, and the gene polymorphism of 
pharmacodynamics and pharmacokinetics of fentanyl. The scoring system predicts PACU VAS in patients undergoing radical resection 

Table 1 
Characteristics of subjects with VAS<4 and VAS≥4.  

Characteristic VAS<4 VAS≥4 P 

N 92 9  
Age 59.53 ± 5.87 61.67 ± 4.00 0.293 
Gender   1.000 
Male 53 (57.61%) 5 (55.56%)  
Female 39 (42.39%) 4 (44.44%)  
Weight 62.23 ± 9.17 64.22 ± 7.60 0.417 
Height 164.80 ± 7.77 162.89 ± 6.53 0.440 
Dosage of fentanyl 8.95 ± 2.02 10.21 ± 2.28 0.079 
Operation time 2.33 ± 0.54 2.26 ± 0.33 0.812 
OPRM1 A118G   0.005 
GG 81 (88.04%) 4 (44.44%)  
GA + AA 11 (11.96%) 5 (55.56%)   

Table 2 
Risk factors of VAS.  

Intercept and variable Odds ratio 95% CI of OR P 

Age 1.07 0.94–1.22 0.290 
Gender    
Male Reference   
Female 1.09 0.27–4.31 0.905 
Weight 1.02 0.95–1.11 0.528 
Height 0.97 0.88–1.06 0.474 
Dosage of fentanyl 1.30 0.96–1.76 0.088 
Operation time 0.76 0.19–3.02 0.696 
OPRM1 A118G    
GG Reference   
GA + AA 14.73 3.21–67.49 0.001 
Area under ROC curve 0.877  
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of colorectal cancer with fentanyl. 
Our research has several advantages. First, the indicators included in our research model are routine preoperative examinations, 

which do not require additional tests for patients. Second, our research has strict rules for subjects enrollment and avoid selection bias. 
Third, we have drawn a concise nomodiagram to facilitate the application to clinical practice. Fourth, we evaluated the net benefit of 
our model through the clinical decision curve. 

In our prediction model, logistic regression analysis identified age, gender, weight, height, fentanyl dosage during operation, 
operation time, and OPRM1 genotype for PACU VAS [11]. In our study, the areas under the ROC curve for the prediction PACU VAS 
were 0.877 (95% CI, 0.6874–1.0000) for the dataset, which shows that our prediction model has good clinical applicability. Combining 

Fig. 2. Nomogram for predicting VAS.  

Fig. 3. ROC of the nomogram.  
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the basic characteristics of patients with the genes related to the pharmacodynamics and pharmacokinetics of fentanyl to develop the 
prediction model is helpful in comprehensively evaluating and predicting the effect of anesthesia and improving the safety of 
anesthesia. 

4.1. Genes factors 

Many studies have reported that single nucleotide polymorphisms of pharmacodynamics and pharmacokinetics are related to drug 
efficacy and adverse reactions [12,13]. Detecting the SNPs and analyzing the metabolic characteristics according to different geno
types may guide clinics to choose appropriate anesthetic drugs before surgery, to improve the efficacy, reduce toxicity and adverse 
reactions, and provide accurate individualized medication guidance for the use of anesthetic drugs in surgical patients. 

The analgesic efficacy and adverse reactions of opioids mainly act on three opioid receptors, named δ, κ, and μ. Among them, μ 
opioid receptors is the key targets of endogenous and exogenous opioid analgesia, tolerance, dependence, and other effects, which are 
coded by μ Receptor gene (OPRM1). OPRM1 A118G mutation is the most common and reported functional gene. Studies have shown 
that its gene mutation reduces the efficacy of various opioids, and patients with GG need more opioids to relieve pain [14–17]. Other 
studies have shown that OPRM1 A118G mutation can enhance the analgesic effect of patients [18–21]. 

Our results show that patients with A genotype are more likely to have PACU VAS≥4. Simultaneously, in the prediction model, 
compared with wild-type homozygous (AA) and heterozygous (AG) individuals, mutant homozygous (GG) means to have a protective 
factor of VAS<4 and may obtain the more significant analgesic effect. 

4.2. The dose of fentanyl 

Fentanyl is a potent synthetic analgesic [22]. The analgesic mechanism of fentanyl is similar to that of morphine. As an opioid 
receptor agonist, the effect of fentanyl is 60–80 times more powerful than morphine. Compared with morphine and pethidine, it takes 
effect in a shorter time, does not release histamine, has little impact on cardiovascular function, and can inhibit the stress response 
during endotracheal intubation. 

According to the experience of clinical application, we have included the fentanyl dose in the prediction model. The results show 
that the fentanyl dose is a protective factor of PACU VSA less than 4. Increasing the fentanyl dose during the perioperative period can 
enable patients to obtain better analgesic effects. 

4.3. Individual factors 

The prediction model includes some individual factors, such as age, gender, weight, and height. Among these characteristics, 
weight and height are crucial factors in determining the fentanyl dosage in clinical settings. According to our nomogram, female, aged, 
shorter, and heavier are protective factors for PACU VAS below 4. According to studies, men need to take more opioids than women do 
in order to have the same analgesic effect. The mechanism may be caused by gender differences in the endogenous regulation of opioid 
receptors on pain [23]. At the same time, the dosage of anesthetic drugs gradually decreases with age. Our prediction model indicates 
that the outcomes are in line with the provided data. 

Fig. 4. Decision curve analysis for the nomogram.  
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Therefore, to justify the clinical usefulness, we assessed whether VAS of PACU nomogram-assisted decisions would provide an early 
warning of VAS of PACU≥4. In this study, decision curve analysis was used. Base on threshold likelihood, this innovative approach 
provides insight into clinical repercussions from which the net benefit may be deduced. The net benefit is defined as the proportion of 
true positives minus the proportion of false positives, weighted by the relative harm of false-positive and false-negative results [7,24]. 
The decision curve showed that if the threshold probability of a patient or doctor is between 10 and 95%, using the nomogram in the 
current study to early predict VAS of PACU in patients undergoing laparoscopic radical resection of colorectal cancer with fentanyl 
adds more benefit. 

At present, the best prediction algorithm or prediction factor is not clear. The rarity of systematic model validation and calibration 
demonstrates the current lack of a coordinated effort to implement VAS prediction in clinical practice. 

The limitations of the study include the fact that the genes markers currently included in the study are not comprehensive enough. 
In recent years, to predict the effect of gene polymorphism on anesthesia safety, other studies have reported that gene polymorphism 
such as CYP3A4*1G and ABCB1 C3435T is related to the dose of fentanyl and anesthesia tolerance [25]. On the other hand, due to the 
small size of the study cohort, we couldn’t establish an independent validation set to evaluate the performance of the nomogram in the 
development dataset. Our predictive model is based on retrospective clinical data, and the characteristics of subjects are clinical basic 
data and routine examination results; thus, other novel markers are not included. 

5. Conclusion 

In conclusion, this study presents a nomogram that incorporates both clinical and polymorphism parameters, which can be used to 
easily predict PACU VAS in patients undergoing laparoscopic radical resection of colorectal cancer with fentanyl. 
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