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Purpose: This study aimed to characterize the pharmacokinetics of nalbuphine in patients undergoing general anesthesia with varying 
degrees of liver dysfunction.
Patients and Methods: Twenty-four patients were enrolled and divided into three cohorts based on liver function: normal liver 
function (n = 13), mild liver dysfunction (n = 5), and moderate/severe liver dysfunction (n = 6). During the induction of anesthesia, 
they received 15 mg of nalbuphine intravenously. Venous blood samples were collected from each patient. The plasma concentration 
of nalbuphine was determined using ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). The 
pharmacokinetic parameters of nalbuphine were calculated by non-compartmental analysis (NCA) using Phoenix WinNonlin software.
Results: Compared with the normal liver function group, the plasma elimination half-life (T1/2) of nalbuphine was increased by 
approximately 33% in the moderate/severe liver dysfunction group (2.66 h vs 3.54 h, P<0.05), and the volume of distribution (Vd) 
increased by approximately 85% (100.08 L vs 184.95 L, P<0.05). Multivariate analysis revealed that weight and platelet were 
associated with clearance (CL); total bilirubin as an independent factor was associated with T1/2, and weight associated with area under 
the curve (AUC(0→∞)) independently.
Conclusion: The T1/2, mean residence time, and Vd of nalbuphine in patients with moderate/severe liver dysfunction were prolonged 
or increased significantly compared with those in the normal liver function group. These data suggest that it may need to be used with 
caution when nalbuphine is administered to patients with moderate or severe liver dysfunction.
Keywords: nalbuphine, intravenous, liver dysfunction, UPLC-MS/MS, pharmacokinetics

Introduction
Nalbuphine is a semisynthetic opioid analgesic that was first synthesized in 1965 and has been used clinically for more 
than 40 years. The analgesic effect of nalbuphine involves activating the κ receptor and antagonizing part of the μ 
receptor.1 In addition to maintaining or enhancing opiate-based analgesia, it also mitigates the common problems 
associated with receptor-mediated adverse effects.2–4 The analgesic effect is similar to morphine, 3 times of pentazocine 
and 6 times of codeine. It is worth noting that respiratory inhibition of nalbuphine has a “capping effect”. When the dose 
is greater than 0.3–0.5 mg/kg, the respiratory inhibition no longer increases with the increase in dose.5 It has been widely 
used during induction and maintenance of general anesthesia under close supervision.6

Oral administration of nalbuphine results in significant first-pass effects and low bioavailability.7 Therefore, it is 
usually administered intravenously in clinical practice, which takes effect quickly and maintains activity for approxi
mately 3–6 h with a half-life of 2–5 h.8 Nalbuphine is extensively metabolized by Uridine 5’-diphospho-glucuronosyl
transferase (UGT) 2B7, UGT1A3, cytochrome P450 (CYP) 2C9 and CYP2C19 in the liver, yielding two hydroxylated 
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derivatives and two conjugated metabolites.9,10 The metabolites are mainly excreted into the feces, and approximately 
7% of the unbound nalbuphine is excreted in the urine.1

Liver impairment is a major global problem affecting human health.11 China is one of the countries with a high 
incidence, millions of patients with liver dysfunction undergo surgery annually.12 Therefore, patients with diverse liver 
dysfunction are common in clinical practice in China.13 Various physiological functions of the liver may be affected by 
liver dysfunction, such as material metabolism, bile synthesis and secretion, detoxification, and immune response.14 The 
liver is the major site of drug metabolism; hence, liver dysfunction is mainly associated with considerable pharmaco
kinetic (PK) and pharmacodynamic changes in anesthetic drugs. It may affect hepatic blood flow, metabolic enzyme 
activity and of drug binding to plasma proteins, thus affecting drug metabolism.15

Existing literature on the PK study of nalbuphine mostly focused on healthy volunteers or patients who underwent different 
types of surgery.7,8,10 To the best of our knowledge, no studies have specifically addressed whether hepatic impairment affects 
the pharmacokinetics of nalbuphine. Thus, our study aimed to investigate the PK characteristics of nalbuphine in patients with 
liver dysfunction who underwent abdominal surgery to provide theoretical support for clinical medication.

Materials and Methods
Design and Participants
This study was approved by the Committee on Ethics, at the Fourth Hospital of Hebei Medical University, Shijiazhuang, 
China (No. 2019121) and was conducted there itself. Written consent was obtained from all patients. This study was 
conducted in accordance with ethical principles in the Declaration of Helsinki. Our study consisted of 27 patients who 
were scheduled to undergo hepatobiliary surgery between August 2021 and December 2021 and had an American 
Society of Anesthesiologists Physical Status of 1 or 2. All of the patients’ body weights were within 30% of their ideal 
body weights. Exclusion criteria involved patients who: 1) were allergic to nalbuphine, 2) had long-term opioid 
medications, 3) were pregnant, 4) had excessive intraoperative bleeding, 5) had known or suspected cardiopulmonary 
or renal disease, and 6) had a history of chronic pain.

Based on the preoperative levels of total bilirubin (TBIL) and aspartate transaminase (AST), the patients were divided 
into three groups: normal liver function, mild liver dysfunction and moderate/severe liver dysfunction (Table 1 for 
classification basis).

Conduct of Anesthesia
Before surgery, all patients were routinely fasted and water-deprived for 6–8 h. Radial artery puncture was performed 
under local anesthesia of lidocaine after entering the operating room to monitor the mean arterial pressure during 
operation. Then, left peripheral vein was opened for drug injection, and right peripheral vein was opened for blood 

Table 1 ODWG Hepatic Function Criteria

Level Criteria

Normal function BIL ≤ ULN, AST ≤ ULN

Mild dysfunction ULN<BIL ≤1.5× ULN and/or AST > ULN

Moderate dysfunction 1.5× ULN <BIL ≤3× ULN

Severe dysfunction 3× ULN <BIL ≤10× ULN

Notes: Adapted from: Takebe N, Beumer JH, Kummar S, et al. A phase I pharmaco
kinetic study of belinostat in patients with advanced cancers and varying degrees of liver 
dysfunction. Br J Clin Pharmacol. 2019;85:2499–2511. DOI:10.1111/bcp.14054.16 

Creative Commons Attribution-NonCommercial License (https://creativecommons. 
org/licenses/by-nc/4.0/legalcode). © 2019 The Authors. British Journal of Clinical 
Pharmacology published by John Wiley & Sons Ltd on behalf of British 
Pharmacological Society. 
Abbreviations: BIL, bilirubin; AST, aspartate transaminase; ULN, upper limit of nor
mal; ODWG, Organ Dysfunction Working Group.
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collection. They were monitored using electrocardiogram, pulse, pulse oxygen saturation (SpO2), blood pressure (BP), 
and bispectral index (BIS). Each patient was preoxygenated with 100% oxygen through a facemask. Anesthesia was 
induced with intravenous (IV) injection of 15 mg nalbuphine (Yichang Humanwell Pharmaceutical, Hubei, China), 0.05 
mg/kg midazolam (Jiangsu Nhwa Pharmaceutical Co., Ltd., Jiangsu, China), 0.03 mg/kg etomidate (Jiangsu Nhwa 
Pharmaceutical Co., Ltd., Jiangsu, China), and 0.2 µg/kg sufentanil (Yichang Humanwell Pharmaceutical, Hubei, China), 
followed by cisatracurium (Jiangsu Hengrui Medicine Co., Ltd, Jiangsu, China) 0.2 mg/kg IV injection. After the patients 
had lost consciousness completely, direct laryngoscopic endotracheal intubation was performed. Anesthesia was main
tained with remifentanil (Yichang Humanwell Pharmaceutical, Hubei, China), and intermittent bolus doses of cisatracur
ium and sevoflurane (Maruishi Pharmaceutical Co., Ltd., Japan) adjusted to maintain the depth of anesthesia and muscle 
relaxation throughout the operation.

Blood Sample Collection
Venous blood samples (2 mL) were drawn from a vein in the contralateral arm and placed in a tube containing K2- 
ethylene-diamine-tetra-acetic acid as an anticoagulant before nalbuphine IV injection and at 0.05, 0.08, 0.17, 0.33, 0.5, 
0.75, 1, 1.5, 2, 3, 4, 5, 6, and 12 h later. The obtained samples were subsequently centrifuged (2,000×g at 4°C for 10 
min), and the separated plasma samples were stored at −80°C in sample and backup tubes (no less than 500 μL 
respectively) pending analysis.

Determination of Drug Concentration
Plasma nalbuphine concentrations were determined using validated ultra-performance liquid chromatography-tandem 
mass spectrometry (UPLC-MS/MS). The UPLC-MS/MS system consists of an ExionLC liquid chromatograph (AB 
SCIEX, USA) and a Triple Quad 5500 mass spectrometer (AB SCIEX, USA). For pretreatment, 50 μL of plasma sample 
mixed with 50 μL water was precipitated using 200 μL acetonitrile precipitant containing an internal standard 
(nalmefene), vortex-mixed for 3 min, and centrifuged for 10 min at 12,500×g. Subsequently, 150 μL of the supernatant 
was transferred into 150 μL of water, followed by vortex-mixing for 1 min and centrifugation at 12,500×g for 3 min. 
Finally, the clear supernatant was transferred to auto-sampler glass vials. The separation was performed on a Kinetex 
phenyl-hexyl column (50 mm×2.1 mm, 1.7 μm) (Phenomenex, USA). The elution mobile phase was a mixture of water 
containing 0.1% formic acid with 3mM ammonium acetate (mobile phase A) and acetonitrile (mobile phase B). The 
gradient elution was as follows: 95–20% A (0–2.8 min), 20–95% A (2.8–3.5 min), 95–95% A (3.5–4.5 min). The 
autosampler was set to 4 °C, and a 3 μL sample was injected at a flow rate of 0.5 mL/min into UPLC-MS/MS system. AB 
Sciex Q-TRAP 5500 mass spectrometer was characterized by electrospray ionization for positive ions in multiple 
reaction monitoring (MRM) mode. The quantitative ion pairs were m/z 358.4→340.1 for nalbuphine and m/z 
340.0→268.3 for nalmefene. The typical MRM spectra of blank plasma (A), blank plasma spiked with nalbuphine 
and IS (B), and plasma sample after IV (C) are displayed in Figure 1. The method was validated in terms of specificity, 
matrix effect, linearity, recovery, accuracy, precision and stability. The calibration curves showed good linearity (r2>0.99) 
over concentration range of 0.1–500 ng/mL. The intra-and inter-batch precisions were within 10.67%, and accuracy 
ranged from 94.07% to 105.34%. The recovery and matrix effect were 94.52%–106.30% and 95.70%–103.80%, 
respectively.

Pharmacokinetic Analysis
The PK parameters were analyzed based on a noncompartmental analysis (NCA) using WinNonlin software 8.3. The 
analyte concentrations below the limit of quantification were set to zero. Nalbuphine concentrations were obtained from 
the participants, plasma drug concentration-time data were fitted to determine the area under the curve (AUC(0→t) and 
AUC(0→∞)), the elimination half-life (T1/2), the clearance (CL), the mean residence time (MRT(0→t) and MRT(0→∞)) and 
the apparent volume of distribution (Vd). The values for the highest plasma drug concentration (Cmax) of nalbuphine and 
the time to reach Cmax (Tmax) were obtained from the observed data using the concentration–time curve.
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Statistics
GraphPad Prism 8.0.1 was used for drawing plasma concentration–time curves. Statistical analysis was all conducted 
using SPSS 25.0, and findings were considered statistically significant if P-value was less than 0.05. All quantitative data 
were tested for normality by Shapiro–Wilk test of SPSS software. According to their distribution, the quantitative data 
were expressed as mean ± standard deviation (SD) or median (interquartile range, IQR). The normally distributed data 
were assessed by one-way ANOVA analysis of variance followed by Dunnett t-test or least significant difference t-test 
while other quantitative data were analyzed by the Kruskal–Wallis test.

Univariate associations between basic information of patients and main PK parameters of nalbuphine were performed 
to obtain Pearson’s correlation coefficients (r). Subsequently, clinical factors with P values <0.05 in the univariate 
analysis were examined in a multivariate analysis using multiple linear regression analysis.

Results
Patients
We screened 27 patients between August 2021 and December 2021: two patients with excessive loss of blood collection 
points and one with severe massive hemorrhage were excluded, and 24 patients were finally enrolled. There were 11 
males and 13 females aged 24 to 76 years, with a bodyweight of 48–82 kg. Patients were assigned to three groups based 

Figure 1 Typical MRM chromatograms of nalbuphine (left panels) and IS (right panels). (A) blank plasma sample. (B) blank plasma sample spiked with nalbuphine at 0.1 ng/mL 
and IS at 10 ng/mL. (C) plasma sample from a patient after nalbuphine (15 mg) intravenous injection at 1.0 h.
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on their hepatic function. Thirteen patients had normal liver function, while the remaining patients had some degree of 
liver dysfunction (five and six patients had mild and moderate/severe dysfunction, respectively).

Patient characteristics were described and compared among all groups. Patients’ demographics and preoperative 
laboratory values for different liver functions revealed that the levels of alanine transaminase (ALT) and AST in the mild 
and moderate/severe liver dysfunction groups were significantly higher than in the normal liver function group. TBIL, 
direct bilirubin (DBIL) and alkaline phosphatase (ALP) levels were significantly higher in moderate/severe liver 
dysfunction group than in the normal liver function group (P<0.05). The baseline demographic and clinical character
istics of participants were summarized in Tables 2, 3, and 4.

Pharmacokinetics
The mean plasma concentration–time profiles are shown in Figure 2. Compared with mild and moderate/severe liver 
dysfunction groups, the concentrations declined quickly in normal liver function group. Variability in CL and 
MRT(0→12h) values were similar across the cohorts, and the extent of exposure as indicated by the AUC(0–∞) and 
Cmax, was similar among the different groups. However, T1/2, Vd and MRT(0→∞) demonstrated a significant difference 

Table 2 Demographic Information in Patients with Various Degrees of Hepatic Impairment

Index Normal Liver 
Function (n=13)

Mild Liver 
Dysfunction (n=5)

Moderate/Severe Liver 
Dysfunction (n=6)

Male/female 4/9 4/1 3/3

Age (years) 51.08±18.62 61.4±7.3 60.5±13.47

Body height (cm) 162.15±6.4 169.8±6.87 162.17±5.88

Weight (kg) 68 (58.8–72.5) 67 (53–68) 56.2 (53.5–63.25)

BMI (kg·m−2) 24.98 (23.71–27.53) 22.13 (19.24–23.28) 21.81 (20.76–23.65)

Note: Values are expressed as mean ± SD, median (IQR), or number.

Table 3 Operation-Related Information in Patients with Various Degrees of Hepatic Impairment

Index Normal Liver 
Function (n=13)

Mild Liver 
Dysfunction (n=5)

Moderate/Severe Liver 
Dysfunction (n=6)

Surgery type Laparotomy/ Laparoscope

8/5 4/1 5/1

Excision site Gallbladder/ Liver/ Pancreas

2/2/9 1/3/1 1/1/4

Hourly fluid volume 

infused (mL/h)

747.02±217.24 778.22±297.54 633.15±75.5

Hourly urine output 

(mL/h)

99.94±52.22 191.94±77.94 192.57±118*

Blood loss (mL) 100 (50–500) 300 (65–500) 600 (100–825)

Notes: * P<0.05, compared to control group with normal liver function. Values are expressed as mean ± SD, median (IQR), or 
number.
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between the normal liver function group and the moderate/severe liver dysfunction group. The median T1/2 and Vd of 
nalbuphine in patients with moderate/severe liver dysfunction were approximately 1.5–2 times that of patients with 
normal liver function. Table 5 summarizes the PK data of nalbuphine from 24 patients.

Figure 2 Plasma concentration-time profile ((A) linear scale and (B) semi-log scale) in volunteers (n =24) after a single intravenous injection of 15 mg nalbuphine.

Table 4 Perioperative Laboratory Biochemical Index Inpatients with Various Degrees of Hepatic 
Impairment

Index Normal Liver 
Function (n=13)

Mild Liver 
Dysfunction (n=5)

Moderate/Severe Liver 
Dysfunction (n=6)

ALT (U/L) 19.5 (13.25–28.5) 75 (31.1–169.2)* 149.85 (48.4–179.13)*

AST (U/L) 20.53±6.48 72.26±25.64* 75.02±39.31*

TP (g/L) 67.28±7.99 68.12±9.38 60.28±8.02

ALB (g/L) 41.47±5.06 39.34±3.58 34.55±3.26*

TBIL (μmol/L) 10.73±4.08 16.87±8.45 74.52±21.69*

DBIL (μmol/L) 3.05±1.56 9.87±11.17 50.8±19.87*

ALP (U/L) 101.7 (67.9–136.65) 137.3 (101.8–448.4) 252.9 (179.65–806.18)*

BUN (mmol/L) 4.1 (3.5–6.05) 4.4 (3.3–10.05) 3.3 (2.68–3.73)

SCr (μmol/L) 57.07±12.13 58.9±20.9 49.2±9.99

UA (μmol/L) 299.88±87.47 305.18±112.99 209.02±54.05

PLT (109/L) 226.69±82.88 251±68.56 256.33±87.17

INR 1.07±0.07 1.09±0.06 1.04±0.06

FIB (g/L) 2.94±0.72 3.59±1.11 3.62±0.89

Notes: * P<0.05, compared to control group with normal liver function. Values are expressed as mean ± SD or median (IQR). 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate transaminase; TP, total protein; ALB, albumin; TBIL, total bilirubin; DBIL, 
direct bilirubin; ALP, alkaline phosphatase; BUN, blood urea nitrogen; SCr, serum creatinine; UA, uric acid; PLT, platelet; INR, 
international normalized ratio; FIB, fibrinogen.
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Univariate Analyses Between PK Parameters and Clinical Factors
Univariate correlation analysis revealed a significant negative correlation between AUC of nalbuphine and weight, ALT, 
ALP and platelet (PLT) (P<0.05), respectively. Weight and PLT positively correlated with nalbuphine CL (P<0.05). The 
T1/2 positively correlated with age of patients and TBIL and negatively correlated with albumin (ALB) (P<0.05). The Vd 

increased as ALT, TBIL, ALP and fibrinogen (FIB) levels increased (P< 0.05) (Table 6).

Table 5 PK Parameters in Patients with Various Degrees of Hepatic Impairment

Index Unit Total (n=24) Normal Liver Function 
(n=13)

Mild Liver 
Dysfunction (n=5)

Moderate/Severe Liver 
Dysfunction (n=6)

AUC(0→12h) h·ng/mL 452.53±121.11 488.54±137.03 436.59±79.64 387.77±93.13

AUC(0→∞) h·ng/mL 479.10±117.88 509.12±133.9 459.58±75.66 430.32±103.57

T1/2 h 2.85±0.99 2.66 (1.93–2.77) 2.71 (2.57–2.89) 3.54 (2.64–4.66)*

Cmax ng/mL 332.8±129.63 337.1 (250.25–391.9) 280 (262.4–376.85) 288.05 (264.23–311.58)

Tmax h 0.05 0.05 0.05 0.05

CL L/h 33.42±9.4 27.4 (26.15–38.89) 29.93 (28.96–39.7) 35.62 (29.66–42.16)

Vd L 137.69±57.91 100.08 (74.51–153.86) 112.63 (109.23–165.19) 184.95 (147.58–231.52)*

MRT(0→12h) h 3.01±0.47 2.91±0.51 2.99±0.43 3.24±0.38

MRT(0→∞) h 3.78±1.07 3.41±0.65 3.63±0.34 4.68±1.67*

Notes: * P<0.05, compared to control group with normal liver function. Values are expressed as mean ± SD or median (IQR). 
Abbreviations: AUC, area under the concentration–time curve; MRT, mean residence time; T1/2, elimination half-life; Cmax, maximum concentration; Tmax, time of peak 
concentration; CL, total clearance; Vd, the apparent volume of distribution.

Table 6 Univariate Analyses Between Influencing Factors and PK Parameters

Coefficients AUC(0→∞) CL Cmax T1/2 Vd

Weight −0.440* 0.548** −0.117 −0.200 0.158

Age −0.048 −0.071 0.074 0.409* 0.271

Blood loss −0.221 0.164 −0.056 0.228 0.271

ALT −0.423* 0.373 −0.246 0.361 0.509*

TBIL −0.234 0.144 −0.190 0.634** 0.590**

ALP −0.418* 0.343 −0.144 0.289 0.470*

ALB 0.085 −0.069 0.058 −0.423* −0.374

SCr 0.068 −0.013 0.271 −0.052 −0.059

BUN −0.015 −0.038 0.163 −0.129 −0.134

PLT −0.415* 0.503* −0.344 0.026 0.357

FIB −0.305 0.311 −0.043 0.299 0.438*

INR −0.071 0.055 −0.076 −0.313 −0.213

Notes: *P<0.05, **P<0.01, by Pearson’s correlation coefficient. 
Abbreviations: TBIL, total bilirubin; ALT, alanine aminotransferase; ALP, alkaline phosphatase; ALB, albumin; SCr, serum 
creatinine; BUN, blood urea nitrogen; UA, uric acid; PLT, platelet; INR, international normalized ratio; FIB, fibrinogen.
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Multivariate Analysis Using Multiple Linear Regression Analysis
Multiple linear regression analysis was performed to adjust for significantly related factors in the univariate analyses 
(Table 7). The results revealed that weight was an independent clinical factor associated with AUC after a single dose of 
nalbuphine was administration intravenous. TBIL was an independent clinical factor associated with T1/2. Weight and 
PLT significantly affected CL.

Discussion
Much information and experience support that nalbuphine as an efficacious and well-tolerated analgesic treatment in the 
population. Liver dysfunction is expected to impact the metabolism by reducing hepatic blood flow, metabolic enzyme 
activity, and drug binding to plasma protein.15 It is significant to understand the PK differences of nalbuphine in 
populations with various degrees of hepatic impairment. Therefore, we evaluated PK characteristics of an IV injection 
of 15 mg nalbuphine in patients with normal hepatic function and different levels of hepatic impairment.

The PK parameters of nalbuphine may be influenced by body weight, as plasma exposure to nalbuphine is higher in 
lighter participants. However, PK parameters were not adjusted for body weight because the median body weight was 

Table 7 Results of Multiple Linear Regression Analysis for Clinical Factors Related to PK Parameters

Estimate Std. Error t value P value Std. β VIF

AUC(0→∞)

Intercept 948.488 138.658 6.840 0.000

Weight −5.644 2.118 −2.665 0.015* −0.462 1.078

ALT −0.515 0.429 −1.202 0.244 −0.314 2.441

ALP −0.061 0.108 −0.566 0.578 −0.566 2.437

PLT −0.259 0.277 −0.936 0.361 −0.174 1.234

CL

Intercept −8.021 10.328 −0.777 0.446

Weight 0.463 0.157 2.955 0.008* 0.475 1.031

PLT 0.050 0.019 2.617 0.016* 0.421 1.031

T1/2

Intercept 1.080 2.187 0.494 0.627

Age 0.016 0.012 1.356 0.190 0.263 1.391

TBIL 0.019 0.007 2.927 0.008* 0.582 1.458

ALB 0.008 0.043 0.187 0.854 0.042 1.859

Vd

Intercept 53.372 39.768 1.342 0.195

ALT 0.150 0.220 0.681 0.504 0.185 2.542

TBIL 0.842 0.406 2.075 0.052 0.432 1.485

ALP −0.005 0.057 −0.083 0.935 −0.023 2.697

FIB 16.096 13.080 1.231 0.234 0.245 1.354

Note: *P<0.05, by multiple linear regression analysis. 
Abbreviations: Std. error, standard error; Std. β, standard β; VIF, variance inflation factor; TBIL, total bilirubin; ALT, alanine 
aminotransferase; ALP, alkaline phosphatase; ALB, albumin; PLT, platelet.
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similar among the three groups (P<0.05). No statistical difference in Cmax and AUC were observed between the different 
groups, suggesting that nalbuphine plasma exposure may not be affected by hepatic impairment.

Compared with normal liver function group, there was an apparent increase of T1/2 and Vd in the moderate/severe 
liver dysfunction group, which increased by approximately 40% and 80%, respectively. Multivariate analysis showed that 
patients with high TBIL levels tended to have longer T1/2 of nalbuphine. It has been reported that the PK parameters of 
the same drug may differ in patients with different liver diseases.17 For example, there were significant alterations in PK 
parameters of etomidate in patients with cirrhosis,18 but were not changed in patients with obstructive jaundice.19 

According to clinical diagnosis, these six patients with moderate/severe liver dysfunction were diagnosed with obstruc
tive jaundice.

Obstructive jaundice is defined as the retention of bile and its components after intrahepatic or extrahepatic bile duct 
obstruction, mainly seen in malignant diseases such as carcinoma of pancreas and hilar cholangiocarcinoma.20 It can lead 
to the increase of serum bilirubin (hyperbilirubinemia), aggravate hepatocyte injury and liver dysfunction, and decrease 
the activity and expression of liver metabolic enzymes to varying degrees, thus affecting drug metabolism.21 It can also 
cause changes in hepatic blood flow. Kanda et al22,23 discovered that total hepatic blood flow decreased significantly in 
dogs with obstructive jaundice, and the blood flow of the superior mesenteric artery and portal vein decreased 
significantly in patients with obstructive jaundice. In the later stage of obstruction, as biliary obstruction aggravates 
inflammatory response, the liver microcirculation is also inhibited.24 Therefore, we speculated that the changes in hepatic 
blood flow and microenvironment caused by obstructive jaundice were the keys to the PK changes of nalbuphine in 
patients with moderate/severe liver dysfunction in this study, which would slow down its metabolism and prolong T1/2.

Liver is the main organ for the synthesis of ALB. Liver dysfunction leads to a decrease in the content of synthesized 
ALB and causes the accumulation of endogenous substances such as bilirubin and free fatty acids to compete with drugs 
for protein-binding sites.25 It could further reduce the plasma protein binding rate of drugs and increase the concentration 
of unbound drugs. In this study, patients with moderate/severe hepatic impairment had lower ALB, and TBIL was 4–8 
times higher than in other groups. Free drug is the fraction available for distribution and clearance; hence, the higher 
proportion of unbound nalbuphine could distribute to peripheral tissues to a greater extent, explaining the larger Vd.26 

Therefore, we hypothesized that this increase of Vd in moderate/severe liver dysfunction group may be related, in part, to 
an increased free fraction of nalbuphine resulting from low plasma ALB and high TBIL.

The estimated hepatic extraction ratio of nalbuphine is 0.5–0.7, which undergoes a vital hepatic metabolism.27 It was 
reported that changes in organ weight and blood flow were primarily responsible for the age-related changes in hepatic 
clearance, and hepatic clearance decreased by 0.80% per year with aging.28 We used univariate analyses to assess the 
associations between age and nalbuphine PK parameters and discovered that T1/2 prolonged with age in this study. Jaillon 
et al27 studied patients of different ages and demonstrated that the T1/2 of nalbuphine was significantly longer in the 
elderly than that in the young, and CL was reduced. Our results are consistent with those reported, indicating age is also 
an important factor affecting the pharmacokinetics of nalbuphine.

All patients underwent general anesthesia for surgery in this study. The median CL and Vd of nalbuphine in patients 
with normal liver function were 27.4 L/h and 100.08 L, respectively. However, Cai et al29 and He et al8 observed CL and 
Vd to be 60–90 L/h and 202–326 L, respectively, in healthy patients; this is higher than those observed in our study. It 
was not surprising considering the hemodynamic and body fluid changes associated with anesthesia and surgery. We 
conjectured the difference in the parameters might be due to surgical versus nonsurgical populations, as surgeries were 
potentially associated with blood loss, hypotension, and changes in liver perfusion.30 Using dopamine, norepinephrine 
and other vasoactive drugs might increase the cardiac output of patients and affect the CL and hepatic blood flow, 
resulting in a variance in the plasma concentration of nalbuphine.31 However, due to the different use times of patients, it 
was hard to predict the degree of effect on PK parameters. Whether other combined anesthetic drugs such as sufentanil, 
propofol and dexmedetomidine would affect the distribution and metabolism of nalbuphine was still unclear, which needs 
to be further explored.

For its anesthetic effects and safety results, we only recorded adverse reactions to endotracheal intubation after 
anesthesia induction. The results showed that only one case of mild choking cough and one case mild muscle tremor. 
However, due to the limited in sample size, the above adverse reactions may not be representative. In the future, we will 
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be able to enlarge the sample size and optimize the study design to record in detail the vital signs, hemodynamic 
indicators and stress response before and after endotracheal intubation to explore the relationship between anesthetic 
effects and PK characteristic of nalbuphine in patients with hepatic disease.

Conclusion
Our study demonstrated for the first time that the pharmacokinetics of nalbuphine was affected by moderate/severe liver 
dysfunction. We discovered that the T1/2, MRT(0→∞) and Vd of nalbuphine in patients with moderate/severe liver 
dysfunction were prolonged or increased significantly compared with those in the normal liver function group. Based 
on these findings, it may need to be used carefully when nalbuphine is administered to patients with moderate or severe 
liver dysfunction.
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