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Background: Regional analgesia, such as intercostal nerve blockade (INB), is a viable modality 
for postoperative pain control in thoracic surgery patients. Asian patients have historically been 
underrepresented in studies of pain responses and pain medication requirements based on race. In this study, 
we examined the postoperative opioid medications used by Asian and Caucasian patients undergoing video-
assisted thoracoscopic surgery (VATS) lobectomy who received different bupivacaine-based INB. 
Methods: We retrospectively reviewed patients undergoing VATS lobectomy who received standard 
bupivacaine (SB), liposomal bupivacaine (LB), or liposomal bupivacaine mixed with standard bupivacaine 
(MIX). Length of stay (LOS), postoperative pain scores, postoperative opioid use (in intravenous morphine 
equivalents) were evaluated. The Chi-square test was used to compare categorical variables; Student’s t-test 
for normally distributed variables; and the Wilcoxon rank-sum test for non-normally distributed variables. 
Multivariable linear regression was used to assess opioid use in Asians compared to Caucasians.
Results: Of the 239 patients in the cohort, 212 received LB or MIX and 27 received SB. In the LB/MIX 
group, 48 (22.6%) were Asian and 164 (77.4%) were Caucasian. In the SB group, 7 (25.9%) were Asian 
and 20 (74.1%) were Caucasian. There were no differences in height, weight, and body mass index (BMI) 
between the SB and LB/MIX groups, but there was a significant difference in weight and BMI between 
Asian and Caucasian patients. The median LOS was comparable between the SB and LB/MIX groups. The 
average 24-hour postoperative pain score in the LB/MIX group was 2.5, and 2.0 and 2.7 in the Asian and 
Caucasian subgroups, respectively (P<0.01). The median opioid use in the LB/MIX group was 27.2 mg, 
and 16.9 and 31.1 mg in the Asian and Caucasian subgroups, respectively (P<0.01). On multivariable linear 
regression analysis adjusting for sex, age, BMI, and bupivacaine type, we found Asians used 25.5 mg less 
opioids compared to Caucasians (P<0.01). 
Conclusions: INB with LB or liposomal-standard bupivacaine mix resulted in statistically significant 
decreased postoperative pain scores and opioid use in Asians compared to Caucasians. There was no 
difference in LOS between the LB/MIX and SB groups. 
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Introduction

Thoracic surgery has traditionally utilized thoracic epidural 
analgesia (TEA) as the gold standard for postoperative 
pain control. However, in recent years, intercostal nerve 
blockade (INB) with standard bupivacaine (SB) or liposomal 
bupivacaine (LB) has been shown to be at least equivalent 
to TEA (1). There is some evidence that length of stay 
(LOS), pain scores, and postoperative opioid use are positively 
influenced by INB with either SB or LB (2-4). Our previous 
study demonstrated the benefits of INB whereby LB reduced 
LOS when compared to SB in a representative population. 

Individual, organizational, and social factors contribute 
to individual differences in pain (5-13). Literature 
comparing Asians to other races identified that Asians have 
a lower pain threshold with enhanced sensitivity, different 
endogenous pain regulatory mechanisms, and higher pain 
ratings (11,14,15). 

In this cross-sectional study, we sought to demonstrate 
that for patients undergoing video-assisted thoracoscopic 
surgery (VATS) lobectomy, LB INB is associated with 
greater reduction in postoperative opioid utilization and pain 
scores among Asian patients than among Caucasian patients. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-21-2269/rc).

Methods

Study design and population

Patients who underwent VATS lobectomy from January 1,  
2014 through July 31, 2018 were identified. Eligible patients 
were at least 18 years of age. Patient race was determined by 
patient’s self-identification in the electronic health record. 
Patients were excluded from our analysis if they underwent 
a different type of surgery, their surgery was performed 
by a visiting surgeon, or they required an admission to the 
intensive care unit (ICU) following surgery. The rationale 
for the latter exclusion was that in our practice, fewer 
than 2% of patients go to the ICU, thus representing an 
exceptional circumstance, and the ICU care would likely 

preclude study of the outcome variables.
The study was approved by Kaiser Permanente Northern 

California IRB (No. CN-15-2502-H_06) and individual 
consent for this retrospective analysis was waived. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). 

Analgesia formulations

In our institutional practice, almost all thoracic surgery 
patients receive INB. A small proportion of cases receive 
TEA, after open cases; none receive TEA after VATS 
procedures. We studied all patients undergoing VATS 
lobectomy, grouped by three types of local anesthetic agent 
utilized in the INB: SB, LB, or liposomal bupivacaine mixed 
with standard bupivacaine (MIX). Our practice shifted 
uniformly over time from using SB to LB and finally to 
MIX INBs, so we retrospectively reviewed these temporal 
cohorts. We grouped LB and MIX into one cohort due to 
the small number of patients who received LB only. 

In the SB group, 30 mL of 0.25% SB with epinephrine 
(1:100,000) was injected. In the LB group, 266 mg (20 mL 
diluted with normal saline to total volume of 30 mL) was 
injected. In the MIX group, the same amount of the LB was 
mixed with 10 mL of the same SB with epinephrine solution 
as in the SB group, for a total of 30 mL of mixed solution. 

Postoperatively, every patient is ordered acetaminophen 
1,000 mg every 6 hours, ibuprofen 600 mg every 8 hours, 
a lidocaine patch, and gabapentin 300 mg at bedtime. 
Patients with chronic kidney disease are not ordered 
ibuprofen and are ordered a lower dose of gabapentin. Oral 
and intravenous opioids are ordered in addition to non-
opioid pain medications and administered to patients on 
an as needed basis by the nurses based on their subjective 
pain levels. Patients are not prescribed a patient-controlled 
analgesia (PCA) pump. 

Technique

INB was performed percutaneously at the end of each 
operation under thoracoscopic visualization, prior to chest 
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tube placement. Local anesthetic was injected in equal 
amounts in each sequential rib space from one above 
through one below the most superior and inferior port sites. 
For our hospital system and surgeon group, this was decided 
to be the preferred nerve blockade method instead of the 
paravertebral approach. VATS lobectomies were performed 
via a three-port approach with minimal variability by one 
of the three board-certified thoracic surgeons who worked 
full-time at our facility during the specified time period.

Data collection

All data collected for analysis were extracted from the 
electronic medical record, either electronically by study 
programmers or by surgeon chart review. LOS was calculated 
by subtracting the date and time of hospital admission from 
the date and time of hospital discharge. Pain scores and 
ambulation data are routinely and reliably documented at 
our institution. Opioid administration was also gathered 
from the medical administration record and was quantified as 
morphine equivalents [oral, intravenous (IV), and total]. 

Statistical analysis 

The primary outcome was LOS. Secondary outcomes 
were postoperative opioid medication usage (in morphine 
equivalents) and 24-hour postoperative pain scores. 
Frequencies, percentages, means and standard deviations, 
and medians and interquartile ranges were used to describe 
the variables. Chi-square tests were used to compare 

categorical variables, Student’s t-test to compare normally 
distributed continuous variables, and Wilcox rank-sum tests 
to compare non-normally distributed continuous variables. 
Multivariable linear regression was performed to assess 
opioid use and LOS in Asians compared to Caucasians 
(reference), adjusting for age, gender, body mass index 
(BMI), and analgesia type. All data management and 
analyses were performed using Statistical Analysis Systems 
(SAS) 9.4 (Cary, NC, USA) with threshold for statistical 
significance defined as P<0.05.

Results

Cohort demographics and clinical characteristics

The total cohort of 239 included 184 (77%) Caucasian 
patients and 55 (23%) Asian patients. Two thirds of the total 
cohort were female. Asian patients had a mean weight that 
was 15 kg lighter than the Caucasian patients (P<0.01) and 
a BMI that was almost 3 kg/m2 higher than the Caucasian 
patients (P<0.01) (Table 1). 

The number of patients who received LB or MIX in the 
study was 212; 48 (22.6%) were Asian and 164 (77.4%) were 
Caucasian. The number of patients who received SB was 27, of 
which 7 (25.9%) were Asian and 20 (74.1%) were Caucasian. 
There were no significant differences in patient characteristics 
between the SB and LB/MIX groups (Tables 2,3).

Primary outcome

The median LOS was 1.5 days for patients who received 

Table 1 Patient demographics and clinical characteristics by race

Characteristic Patient total, n=239 
Race

P value
Caucasian, n=184 (77%) Asian, n=55 (23%)

Age (years), mean (SD) 66.8 (11.0) 65.1 (12.0) 67.4 (10.6) 0.18*

Height (m), mean (SD) 1.7 (0.1) 1.7 (0.1) 1.6 (0.1) <0.01*

Weight (kg), mean (SD) 75.2 (17.8) 78.7 (17.1) 63.7 (15.0) <0.01*

BMI, mean (SD), kg/m2 26.8 (5.3) 24.7 (4.9) 27.5 (5.3) <0.01*

Sex, n (%)

Male 79 (33.1) 61 (33.2) 18 (32.7) 0.95†

Female 160 (67.0) 123 (66.9) 37 (67.3)

Charlson index, median [Q1–Q3] 4 [3–6] 3 [2–5] 4 [3–6] 0.28‡

*, P value for comparison calculated by Student t-test; †, P value for comparison calculated by Chi-square test; ‡, P value for comparison 
calculated by Wilcoxon rank-sum test. SD, standard deviation; BMI, body mass index. 
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LB/MIX and 2.4 days for SB, but this was not statistically 
significant (Table 3). Subgroup analysis of LOS in patients 
who received SB and LB/MIX demonstrated no statistically 
significant difference between Asians and Caucasians. 

Secondary outcomes

In the LB/MIX group, the average 24-hour postoperative 
pain score was 2.5 and differed significantly between the 
Asian and Caucasian subgroups (2.0 vs. 2.7, respectively; 
P<0.01). Median opioid use, in intravenous morphine 
equivalents, was 27.2 mg and also differed significantly 
between Asian patients and Caucasian patients, with the 
former having a median use of 10 mg less than the overall 
median, 16.9 mg, whereas the latter had a median use of  
14 mg higher than the median, 31.1 mg (P<0.01). 

In the SB group, the average 24-hour postoperative pain 
score was 2.4 and did not differ significantly between the 
Asian and Caucasian subgroups (1.9 vs. 2.6; P=0.31). Median 
opioid use was 27.8 mg for the group and did not differ 
significantly between the Asian and Caucasian subgroups 
(24.3 vs. 29.0 mg; P=0.76) (Table 3). 

Multivariable linear regression analysis showed that 
Asians used 25.5 mg less opioids than Caucasians after 
adjusting for sex, age, weight, BMI, and bupivacaine type 
(P<0.01) (Table 4). Age was another statistically significant 
factor in opioid use. For every 10-year increase in age, there 
was a 10-mg decrease in opioids used (P<0.01). 

A second multivariable linear regression analysis 
comparing LOS between Asian and Caucasian patients 

showed that age was again a significant factor and for every 
10 year-increase in age, there was almost a one day increase 
in LOS (P<0.01) (Table 5). Weight, BMI, and LB were not 
significant factors. 

An adjusted means analysis of postoperative outcomes 
was done because of the smaller number of Asian patients 
and patients who received SB in this study (Table 6). 
Differences in LOS were not significant when analyzed by 
race and type of bupivacaine received. Although difference 
in postoperative opioid use was not statistically significant 
between SB and LB/MIX patients overall (P=0.48), the 
difference between Asian and Caucasian patients was. The 
adjusted mean opioid use in Asian patients was 25 mg less 
than that in Caucasian patients (P<0.01). 

Discussion

Asian patients have historically been underrepresented in 
studies of pain response and pain medication requirements 
based on race. In this study, we sought to demonstrate 
that for patients undergoing VATS lobectomy, LB INB 
is associated with greater reduction in postoperative 
opioid use and pain scores in Asian patients as compared 
to Caucasian patients. Our results show that the primary 
outcome of median LOS did not differ significantly 
between these two groups, either for those who received SB 
or those who received LB/MIX. The secondary outcomes 
of 24-hour postoperative pain score and median opioid use 
did differ between the Asian and Caucasian subgroups who 
received LB/MIX, but not for those who received SB. 

Table 2 Demographic and clinical characteristics by bupivacaine type

Characteristic 
Bupivacaine type

P value
SB, n=27 (11.3%) LB/MIX, n=212 (88.7%)

Age (years), mean (SD) 67.5 (9.4) 66.8 (11.2) 0.74*

Height (m), mean (SD) 1.6 (0.1) 1.7 (0.1) 0.21*

Weight (kg), mean (SD) 74.6 (24.5) 75.3 (16.8) 0.90*

BMI, mean (SD), kg/m2 27.2 (7.1) 26.8 (5.1) 0.79*

Sex, n (%)

Male 4 (14.8) 75 (35.4) 0.03†

Female 23 (85.2) 137 (64.6)

Charlson index, median [Q1–Q3] 4 [2–8] 4 [3–6] 0.43

*, P value for comparison calculated by Student t-test; †, P value for comparison calculated by Chi-square test. SB, standard bupivacaine; 
LB/MIX, liposomal bupivacaine and liposomal-standard mix bupivacaine; SD, standard deviation; BMI, body mass index. 
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Although the median LOS in the LB/MIX group was 
one day shorter than in the SB group, this difference was 
not statistically significant (Figure 1). This may have been 
due to the small sample size (n=27) in the SB group. Our 
previous study of patients undergoing VATS identified a 
significant difference in LOS for patients who received LB 
vs. SB, but we did not analyze differences based on race (16).  
However, despite the difference of LOS not reaching 
statistical significance, the trend in LOS in this study is 
similar to the 1-day shorter LOS we identified in the LB 
group previously (16). This can be further researched with a 
larger cohort. 

The discussion around pain response, experience, and 
management based on race is multifaceted. A recent study 
by Rivas et al. (17) reported that Asians who received LB for 
a variety of surgeries had a statistically significant, though 
small, decrease in pain score, and did not have a higher 
opioid consumption compared to Caucasians. Our study 
identified a similar decrease in pain score between Asian 
and Caucasian patients but in contrast found a significant 
decrease in postoperative opioid pain medication use. Kodia 
et al. (18) found that using LB instead of bupivacaine/
epinephrine resulted in lower total in-hospital opioid use 
and lower pain scores on postoperative day 2 and 3, and no 
difference in LOS. Both the opioid use and LOS findings 
are similar to our findings, but since Kodia et al. (18) did 
not analyze opioid usage by race, no comparison is possible. 
Our study showed that when they received LB/MIX, Asians 
reported a median pain score of 0.7 less than Caucasians 

and used a significantly smaller amount (16.9 vs. 31.1 mg) 
of opioid medication than Caucasian patients. However, for 
those who received SB, this difference in opioid medication 
use between Asian and Caucasian patients was not 
statistically significant. This could be due to a small sample 
size and underpowering in this group or could demonstrate 
that there is no racial difference in postoperative opioid 
medication use when patients receive SB. If there is no 
difference in postoperative opioid medication use in the SB 
group, this could imply that Asian patients have better pain 
control than Caucasian patients specifically when LB is used. 

According to our linear regression analyses, regardless of 
the type of INB the patients received, Asian patients used 
less opioid medication than Caucasian patients. There are 
several possible explanations for this, such as using positive 
thinking and exercise as an effective pain coping mechanism, 
reticence regarding requesting pain medications, presence 
of language barriers, and differences in nursing assessment 
(12,19,20). Another theory as to why Asian patients received 
less opioid medication is that Asian patients in our study 
were on average 15 kg lighter than Caucasian patients and 
that this may affect both the amount of opioid and INB 
required. Although Asian patients weighed less on average 
than Caucasian patients, Asian patients had a mean BMI 
that was 3 kg/m2 higher than Caucasian patients (27.5 vs. 
24.7 kg/m2, respectively). In a study of opioid use after 
pediatric spinal surgery, the high-use group had a higher 
BMI (23.7 vs. 19.6 kg/m2; P=0.04) and mean weight (69.5 vs. 
50.7 kg; P=0.004) (20). The authors concluded that opioid 

Table 3 Patient post-operative outcomes 

Post-operative outcome
Patient 

total, n=239

SB LB/MIX

SB total,  
n=27  

(11.3%)

Asian,  
(n=7)

Caucasian, 
(n=20)

P value
LB/MIX 

total, n=212 
(88.7%)

Asian,  
(n=48)

Caucasian, 
(n=164)

P value

Average 24-hour post-operative 
pain score, mean (SD)

2.5 (1.2) 2.4 (1.4) 1.9 (0.9) 2.6 (1.6) 0.31* 2.5 (1.2) 2.0 (1.0) 2.7 (1.2) <0.01*

Opioid use (IV morphine 
equivalents, mg), mean (SD)

36.2  
(41.2)

37.8  
(31.3)

30.5  
(21.6)

40.3  
(34.1)

0.49* 36.0  
(42.3)

20.4  
(15.5)

40.6  
(46.4)

<0.01*

Opioid use (IV morphine 
equivalents, mg), median (Q1–Q3)

27.3  
(15.9–41.1)

27.8  
(12.7–51.8)

24.3  
(16.1–34.8)

29.0  
(12.3–58.4)

0.76† 27.2  
(16.0–40.9)

16.9  
(10.0–27.5)

31.1  
(19.7–47.7)

<0.01†

Length of stay (days), mean (SD) 2.5 (5.6) 2.6 (1.2) 2.6 (1.3) 2.6 (1.2) 0.94* 2.5 (5.9) 1.5 (1.3–2.3) 2.1 (1.2) 0.30*

Length of stay (days), median  
(Q1–Q3)

1.5  
(1.3–2.4)

2.4 (1.5–3.5) 3.3  
(1.3–3.5)

2.4 (1.5–3.6) 0.70† 1.5 (1.3–2.4) 1.5 (1.3–2.3) 1.4 (1.3–2.4) 0.66†

*, P value for comparison calculated by Student t-test; †, P value for comparison calculated by Wilcoxon rank-sum test. SB, standard 
bupivacaine; LB/MIX, liposomal bupivacaine and liposomal-standard mix bupivacaine; SD, standard deviation; IV, intravenous. 
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dosing may be improved by considering patient weight 
and other factors. In an emergency department study, 
weight was not a factor in response to morphine in opioid 
naïve adults (21). Another study of pain management with 
a fixed amount of hydromorphone found no correlation 
between total body weight and a patient’s clinical response 
to hydromorphone and was unable to conclude that weight-

based dosing is better than fixed dosing (22). Furthermore, 
dosing of medications including analgesics for obese 
patients is suggested to be based on ideal body weight or 
adjusted body weight (23). These studies have different 
conclusions about weight and BMI-dosing for opioid 
medications, likely because the effect of opioids is a complex 
aggregate of pharmacodynamics, genetics of metabolism, 

Table 4 Multivariable linear regression comparison of Asians to Caucasians (reference) for opioid use

Parameter β (95% CI) P value

Intercept 116.0 (76.0, 156.1) <0.01

Asian (ref = Caucasian) −25.5 (−38.9, −12.1) <0.01

Male (ref = female) 12.3 (−2.3, 26.8) 0.10

Age (10-year units) −10.7 (−15.3, −6.1) <0.01

LB (ref = standard-release) −5.7 (−21.2, 9.9) 0.47

BMI, kg/m2 1.6 (−0.8, 3.9) 0.19

CCI score −1.2 (−3.4, 0.9) 0.25

Weight (10 kg units) −5.1 (−13.1, 3.0) 0.22

CI, confidence interval; LB, liposomal bupivacaine; BMI, body mass index; CCI, Charlson comorbidity index. 

Table 5 Multivariable linear regression comparison of Asians to Caucasians (reference) for LOS

Parameter β (95% CI) P value

Intercept −2.2 (−7.8, 3.4) 0.44

Asian (ref = Caucasian) 0.9 (−0.9, 2.8) 0.33

Male (ref = female) 2.7 (0.7, 4.8) 0.01

Age (10-year units) 0.9 (0.3, 1.6) <0.01

LB (ref = standard-release) −0.4 (−2.6, 1.7) 0.69

BMI, kg/m2 0.2 (−0.1, 0.5) 0.27

CCI score 0.0 (−0.3, 0.3) 0.78

Weight (10 kg units) −1.0 (−2.1, 0.1) 0.09

LOS, length of stay; CI, confidence interval; LB, liposomal bupivacaine; BMI, body mass index; CCI, Charlson comorbidity index. 

Table 6 Adjusted means of post-operative outcomes 

Post-operative outcome
Race/ethnicity Bupivacaine type 

Asian White P value SB LB/MIX P value

Opioid use (IV morphine equivalents, mg) 16.5 42.0 <0.01 41.3 35.6 0.48

LOS (days) 3.2 2.3 0.34 2.9 2.4 0.70

Means adjusted for age, sex, BMI, weight, CCI score, and bupivacaine type. SB, standard bupivacaine; LB/MIX, liposomal bupivacaine 
and liposomal-standard mix bupivacaine; IV, intravenous; LOS, length of stay; BMI, body mass index; CCI, Charlson comorbidity index.
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and history of opioid use. Similarly, our multivariable 
analysis did not identify weight and BMI as significant 
factors in determining amount of opioids used.

In LB studies, different anesthetic regimens are more 
frequently compared than the outcomes based on race and 
other patient factors such as weight (24,25). Asian patients 
are underrepresented not only in studies of pain response 
and management, but also specifically involving thoracic 
surgery and regional analgesia, such as INB. Regional 
analgesia should be further investigated, and standardization 
of dosing improved (26). Even in pediatric medicine, where 
many medications are age- and weight-based, there is still 
uncertainty regarding dosing of regional analgesia (27,28). 
Narcotic pain medication and regional analgesia dosing, 
whether adjusted by weight or metabolism, is an important 
avenue to explore to better tailor pain regimens.

The findings of decreased opioid use with increasing 
age was not the primary focus of this study. However, this 
finding is similar to those of other studies that identified 
lower postoperative pain scores and opioid use in older 
patients (29,30). 

Our study highlights the intriguing interplay of 
pharmacokinetic and pharmacodynamics regarding LB and 
opioid usage in Asian patients. Our findings of decreased 
pain scores and opioid usage in Asian vs. Caucasian 
patients should initiate better tailoring of postoperative 
pain regimens for thoracic surgery. Along those lines, a 
2014 study of the combined effects of pharmacokinetics 
and pharmacogenetics included a design for personalized 

oxycodone dosing for chronic pain patients to limit 
iatrogenic overdose or death (31). In addition, studies 
in predominantly Asian countries, such as South Korea, 
identified similar benefits in LB over SB for postoperative 
thoracic pain management (32). Areas of future research 
include combining results from these studies to help 
standardize the approach to precision medicine for 
Asian patients undergoing thoracic surgery. Randomized 
controlled trials comparing metabolism of narcotics and 
local analgesia based on race and genetics are needed, 
specifically for thoracic surgery patients, with an emphasis 
on Asians, who have historically been underrepresented in 
studies of pain management.

Our study is limited by its retrospective nature, making 
the results susceptible to confounding by unidentified 
variables.  Second, our cohort was predominantly 
female, which is not representative of gender statistics 
of lung cancer diagnoses in the United States (33). The 
predominantly female cohort could affect our results due 
to factors such as biochemical processes and differences 
in reactions and response to postoperative pain (34-36). 
Third, the self-identification of “Asian” and “Caucasian” 
are broad terms that do not take into account region of 
ancestry, place of birth, and other genetic and sociocultural 
factors that could potentially affect responses to pain or 
local and systemic analgesia. Lastly, although our previous 
study concluded an improvement in postoperative pain with 
the use of LB, this has not been uniformly identified in the 
literature. Hussain et al. identified no clinically significant 
difference in postoperative pain when between liposomal 
and nonliposomal bupivacaine is used for nerve blocks (37). 

Conclusions

We identified decreased pain scores and significantly 
decreased opioid use in Asian patients who received LB 
INB compared to Caucasian patients. The same pattern was 
not found in patients who received SB, perhaps because of 
the small sample size. Future studies are needed to better 
characterize the differences in postoperative pain and 
analgesic needs among Asian patients undergoing thoracic 
surgery. 
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Figure 1 Median and interquartile ranges of LOS (days) by 
bupivacaine type. SB, standard bupivacaine; LB/MIX, liposomal 
bupivacaine and liposomal-standard mix bupivacaine; LOS, length 
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