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Background: We developed and implemented a pre-emptive pain management program wherein 
providers agreed to have non-opioid pain medication as a standard pain management strategy at discharge 
accompanied by patient education about the program. 
Methods: A retrospective case-control study of prospectively collected data of patients who underwent 
minimally invasive pulmonary resection. We compared the outcomes among patients who were managed 
with pre-emptive pain management program with enhanced recovery after surgery (Pre-emptive), enhanced 
recovery program after surgery alone (ERAS) and standard care (control).
Results: Of the 443 patients, 132 patients (30%) were in the pre-emptive pain management group, 90 
(20%) patients were in the ERAS only group and 221 (50%) in the control group. There were significantly 
fewer complications (15.9% vs. 23.3% vs. 38%, P<0.001), shorter median length of hospital stay (2 vs. 3 
vs. 3 days, P<0.001), lower 30-day readmission rates (2.3% vs. 3.3% vs. 11.3%, P=0.002), and fewer opioid 
prescriptions at discharge (17.4% vs. 76.7% vs. 83.7%, P<0.001) in the pre-emptive pain management group 
compared to the ERAS and control groups. Multivariate logistic regression analyses showed that the pre-
emptive pain management program (OR 0.06; 95% CI, 0.03, 0.11, P<0.001) and robotic surgery (OR 0.52; 
95% CI, 0.3, 0.88, P=0.02) were associated with lower odds of patients being discharged to home with opioid 
prescriptions. The median pain score in the pre-emptive pain group at 30 days after surgery was 1.5 on a 
pain scale of 1–10.
Conclusions: The pre-emptive pain management program was associated with a decrease in opioid 
prescriptions after elective pulmonary resections. Successful implementation of this program can lead to 
significant decreases in the amount of prescription opioids in the community.
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Introduction

The availability of prescription opioids in the community 
has contributed to the opioid crisis (1). Opioids in the 
community commonly come from prescriptions to manage 
post-operative pain. Patients or patients’ families may 
misuse the excess opioid medications after surgery, using 
them for purposes other than the management of post-
operative pain. Moreover, studies have shown that 3–10% 
of patients who are opioid-naïve prior to surgery are still 
taking opioids 1 year after surgery (2-4). Thus, a strategy 
to reduce the number of opioid prescriptions after surgery 
may benefit individual patients as well as the community: 
the strategy will decrease not only the chance of individuals 
becoming addicted to opioids but also the overall supply of 
opioids.

In the past, there were very limited options for patients 
to manage post-operative pain without opioids, especially 
with the management of pain in pulmonary resection 
surgery. In order to perform a pulmonary resection, a 
surgeon has to gain access between the ribs where there 
is an intercostal nerve, which can cause significant pain. 
There has been an evolution of both surgical techniques 
and medications to manage post-operative pain over 
the years, but opioids have been the standard discharge 
pain medication after pulmonary resection. Good pain 
management is a key aspect of pulmonary resection surgery; 
if patients have uncontrolled pain, then they are more likely 
to have pulmonary complications, such as pneumonia. 
The development of minimally invasive techniques for 
pulmonary resection, as well as medication strategies, 
such as the use of epidurals, have significantly helped in 
improving pain. At discharge, however, the usual pain 
management medication(s) have included an opioid, and 
typically a highly dependent schedule II opioid such as 
hydrocodone/acetaminophen. 

The recent availability of long-acting local anesthetics 
and non-opioid IV medications, along with the adoption 
of enhanced recovery after surgery (ERAS) program, have 
made an impact in the management of post-operative 
pain from pulmonary resection. ERAS encompassed the 
development of peri-operative care to improve recovery. 
When we implemented the ERAS protocol in our division, 
we were able to discharge patients home with different 
narcotics that are less likely to cause dependency (5). 
However, as the ERAS protocol matured—especially in 
regard to pain management—and as we adopted robot-
assisted surgery in pulmonary resections, we saw a 

significant improvement in patients’ pain control after 
pulmonary resections. At times patients would state that 
they did not take the opioid prescribed after surgery because 
it was not necessary. This feedback led us to alter our default 
home pain medication from opioid to non-opioid around-
the-clock pain medications; we also counseled the patients 
about taking pain medications around the clock at home to 
keep pain at bay. We called this program the pre-emptive 
pain management program. In this study, we wanted to 
determine the impact of the pre-emptive pain management 
program in decreasing not only opioid prescriptions after 
surgery but also the pain level of these patients at their post-
operative visits. We present the following article/case in 
accordance with the STROBE reporting checklist  (available 
at http://dx.doi.org/10.21037/jtd-20-431).

Methods

The study was approved by Institutional Review Board 
at Houston Methodist Hospital (Pro00013680 and 
Pro00013298). We performed retrospective case-controlled 
study using prospectively collected society of thoracic 
surgeons (STS) data on all patients who underwent 
elective minimally invasive pulmonary resection from 
2012 to 2018; all procedures were performed by surgeons 
from Houston Methodist Hospital’s Division of Thoracic 
Surgery. Robot assisted pulmonary resection used a port 
based approach with the standard “five on a dice” lung 
resection method described previously (6). We included all 
patients who had documented discharge pain medications, 
but we excluded diagnostic wedge procedures, emergent or 
urgent pulmonary resections, and pulmonary resections as 
part of the “two-step” procedure for cardiac sarcoma with 
pulmonary resection.

Dur ing  the  6-year  t ime  per iod ,  we  gradua l ly 
implemented the ERAS program. In 2016, we were able to 
fully implement all components of the ERAS program, and 
in 2017 we implemented the pre-emptive pain management 
program. We have covered the ERAS program in detail in 
our previous study (5). All of the patients were managed in a 
similar fashion at each time period. In brief, we emphasized 
a total of 12 aspects in the program, which itself was divided 
into three phases of care: pre-operative, operative and 
post-operative. The pre-operative stage was developed 
to get the patient ready for surgery, with an emphasis on 
quitting smoking, learning to use the incentive spirometer, 
and walking 1 mile per day. The operative stage included 
the pre-emptive pain management program and total 
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intravenous anesthesia, minimizing fluids and minimally 
invasive surgery. In addition, all patients received a direct 
injection of undiluted liposomal bupivacaine block of the 
2nd to 10th intercostal nerves from inside of the chest 
cavity. The post-operative stage included an around-the-
clock scheduled analgesic and emphasis on early mobility, 
including an incentive spirometer. We also transitioned 
to prescribing tramadol as a default discharge pain 
medication for all patients at discharge from hydrocodone/
acetaminophen.

After the implementation of the ERAS program, we 
made two observations. First, a large number of patients 
had minimal pain after the removal of the chest tube prior 
to their discharge home. Second, some patients reported 
that they did not take the prescribed tramadol after surgery. 
These two observations made us evaluate our discharge pain 
medication strategy. Instead of giving patients the default 
opioid medication, we changed the default to an around-

the-clock non-opioid medication and discussed the pain 
management plan prior to surgery. We called this program 
the pre-emptive pain management program. We describe 
the standard pain regimen that was used during pre-emptive 
pain management program with enhanced recovery after 
surgery (Pre-emptive), enhanced recovery after surgery 
program alone (ERAS) and standard care group (control) in 
Table 1.

In this study, we compared the outcomes of patients 
who were in the pre-emptive pain management program 
to those who were in the ERAS only group and control 
group. We obtained data regarding demographics, co-
morbidity, procedure type, pathology, morbidity, mortality, 
and length of patient stay during this time period from 
the prospectively collected STS database and electronic 
health record. We also obtained information about the 
pain medications that patients were given at the time of 
discharge. We categorized these medications as opioid 

Table 1 Pain control regimen during different time period

Regimen Control ERAS Pre-emptive

Pre-operative 
regimen

None Tramadol Tramadol 50 mg PO ×1

Gabapentin Gabapentin 300 mg PO ×1

Intra-operative 
regimen

None Acetaminophen IV Acetaminophen 1 g IV ×1

Ketorolac* IV Ketorolac* 15 mg IV ×1

Bupivacaine liposome injection Bupivacaine liposome injection in intercostal nerves 2–10

Post-operative 
regimen

Hydromorphone PCA Acetaminophen ATC Acetaminophen 1 g IV/PO every 8 hours ATC

Ketorolac ATC Ketorolac 15 mg IV every 8 hours for 24 hours then naproxen 
sodium 220 mg PO every 12 hours ATC

Gabapentin ATC Gabapentin 300 mg PO every 8 hours ATC

Lidocaine patch as needed Lidocaine patch 10% as needed

Methocarbamol as needed Methocarbamol 500 mg PO every 6 hours as needed

Default discharge 
medication

Hydrocodone/
acetaminophen

Tramadol Acetaminophen 1 g PO every 8 hours for 5 days

Naproxen sodium 220 mg PO every 12 hours for 3 days

Gabapentin 300 mg PO every 8 hours for 7 days

Lidocaine patch 4% as needed

Methocarbamol 500 mg PO every 6 hours as needed

*, patient was given this medication if the creatinine level is less than 1 and patient’s age is less than 75 years old. ERAS, enhanced 
recovery after surgery; PO, per os; IV, intravenous; PCA, patient-controlled analgesic; ATC, around the clock.
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or non-opioid medications. We collected the number of 
patients in the pre-emptive pain management group who 
went home without opioid prescriptions, but who later 
called due to inadequate pain control, ultimately requiring 
an opioid prescription. Finally, we collected the pain level 
for patients at follow up visits, about 4 weeks after surgery. 
We ensured that we had complete data on all patients.

Demographic and clinical data were reported as 
frequencies and proportions for categorical variables and 
as median and interquartile range (IQR) for continuous 
variables. Differences between groups were compared 
using the Chi-square or Fisher’s exact tests for categorical 
variables and Wilcoxon rank-sum test for continuous 
variables as appropriate. Univariate exact logistic regression 
analysis and multiple logistic regression modeling were 
performed to determine the characteristics associated with 
the outcomes. Variables for the initial multiple logistic 
regression models were selected using the Bayesian model 
averaging (BMA) method and also based on the clinical 
importance (7,8). The likelihood test was used to reduce 
the model subsets. The best model was selected based on 
the smallest Bayesian information criterion (BIC). Model 
discrimination was determined by the area under the area 
under the receiver operating characteristic (ROC) curve 
(AUC). Model calibration was assessed using the Hosmer-
Lemeshow goodness-of-fit test with a non-significant P 
value indicating good calibration. All the analyses were 
performed on Stata version 16.1 (StataCorp LLC, College 
Station, TX, USA). A P value of <0.05 was considered 
statistically significant.

Results

There were 443 patients who underwent elective minimally 
invasive pulmonary resections between 2012 and 2018 
and who met the inclusion and exclusion criteria. There 
were 132 patients that received the pre-emptive pain 
management with enhanced recovery after surgery (Pre-
emptive), 90 patients that received enhanced recovery 
after surgery alone (ERAS) and 221 patients who received 
standard of care (control). The median age of the groups 
was 66 years old, and they were predominantly female 
(56.4%) and white (81.7%; Table 2). The common co-
morbidities were hypertension (60.7%), coronary artery 
disease (20.3%), diabetes (17.4), and cerebrovascular 
accident or TIA (10.4%). There was no significant 
difference in age, gender, and race or body mass index. 
There was a higher number of patients with diabetes in 

the control group than in the ERAS and pre-emptive pain 
control group (21.7% vs. 17.8% vs. 9.8%, P=0.02). Most 
patients (65.9%) underwent surgery for lung cancer. The 
two most common procedures were lobectomy (53%) and 
wedge resection (39.7%). Robot-assisted minimally invasive 
lung resection was performed in 50.3%. There were a 
significantly higher number of patients in the pre-emptive 
pain management group and ERAS only group compared 
to control who underwent robot assisted surgery (89.4% vs. 
75.6% vs. 16.7%, P<0.001).

There were significantly fewer overall complications 
in the pre-emptive pain management group compared to 
ERAS group and the control group (15.9% vs. 23.3% vs. 
38%, P<0.001, Table 3), with a significant decrease in urinary 
retention (3% vs. 12.2% vs. 12.2%, P=0.01),  and atrial 
arrhythmia (1.5% vs. 7.8 vs. 9%, P=0.02). Overall there 
was less transfusions in the pre-emptive pain management 
group compared to ERAS group and the control group: 
intraoperative transfusions (0% vs. 0% vs. 4.5%, P=0.01), 
and postoperative transfusions (0% vs. 2.2% vs. 4.5%, 
P=0.04). Moreover, there was a significantly shorter median 
hospital length of stay (2 vs. 3 vs. 3 days, P<0.001) and  
30-day readmission rate (2.3% vs. 3.3% vs. 11.3%, P=0.002) 
as well as fewer opioid prescriptions at discharge (17.4% 
vs. 76.7% vs. 83.7%, P<0.001, Figure 1) in the pre-emptive 
pain management group compared to the ERAS group and 
the control group (Table 3 and Table S1). 

We performed univariate analysis of the factors that 
contribute to opioid prescriptions at discharge. We 
identified the pre-emptive pain control program [odds 
ratio (OR) 0.05; 95% confidence interval (CI), 0.03, 0.08; 
P<0.001], and the use of robotic technology (OR 0.17; 95% 
CI, 0.11, 0.26; P<0.001) as significant factors that reduced 
opioid prescription at discharge. We also found that non-
white patients were associated with a higher rate of opioid 
prescriptions at discharge after a pulmonary resection 
(OR 1.77; 95% CI, 1.04, 3.02; P=0.04; Table 4). Using 
multiple logistic regression, we found that pre-emptive 
pain management (OR 0.06; 95% CI, 0.03, 0.11; P<0.001) 
and robot assisted surgery (OR 0.52; 95% CI, 0.3, 0.88; 
P=0.02) were the only significant factors associated with the 
reduction of opioid prescriptions at discharge (Table 5). 

Of the 109 patients who were discharged to home 
without opioid prescriptions in the pre-emptive pain 
management group, 7% (8 patients) called with questions 
about pain management, but none of them required an 
opioid prescription. Most patients had minimal pain at  
4 weeks following surgery. There were 52 patients who 



1986 Del Calvo et al. Pre-emptive pain management

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(5):1982-1990 | http://dx.doi.org/10.21037/jtd-20-431

Table 2 Patient characteristics

Characteristics Total (N=443) Control (n=221) ERAS (n=90) Pre-emptive (n=132) Overall P value

Age at time of surgery (years) 66.0 (58.0, 73.0) 67.0 (57.0, 73.0) 67.0 (58.0, 73.0) 66.0 (58.5, 73.0) 0.91

Female 250 (56.4) 116 (52.5) 54 (60.0) 80 (60.6) 0.25

White 362 (81.7) 176 (79.6) 74 (82.2) 112 (84.8) 0.47

Body mass index, median (IQR) 27.1 (23.4, 31.0) 27.1 (23.4, 30.9) 27.2 (23.8, 31.6) 26.9 (23.2, 30.9) 0.87

Co-morbidity

Hypertension 269 (60.7) 139 (62.9) 57 (63.3) 73 (55.3) 0.31

Congestive heart failure 8 (1.8) 7 (3.2) 0 (0.0) 1 (0.8) 0.09

Coronary artery disease 90 (20.3) 49 (22.2) 13 (14.4) 28 (21.2) 0.29

Prior cardiothoracic surgery 58 (13.1) 30 (13.6) 12 (13.3) 16 (12.1) 0.92

Cerebrovascular history 46 (10.4) 24 (10.9) 8 (8.9) 14 (10.6) 0.87

Pulmonary hypertension 4 (0.9) 3 (1.4) 0 (0.0) 1 (0.8) 0.51

Diabetes 77 (17.4) 48 (21.7) 16 (17.8) 13 (9.8) 0.02

Interstitial fibrosis 6 (1.4) 5 (2.3) 0 (0.0) 1 (0.8) 0.35

Currently on dialysis 3 (0.7) 1 (0.5) 0 (0.0) 2 (1.5) 0.44

FEV1 predicted, median (IQR) 88.0 (76.0, 104.0) 87.5 (77.0, 102.0) 91.0 (77.5, 104.0) 87.0 (74.0, 105.0) 0.49

DLCO predicted, median (IQR) 81.0 (65.0, 95.0) 80.0 (65.0, 92.0) 84.5 (65.0, 97.5) 79.0 (66.0, 96.0) 0.29

Reoperation 49 (11.1) 25 (11.3) 12 (13.3) 12 (9.1) 0.60

ASA classification 0.06

II 64 (14.4) 24 (10.9) 13 (14.4) 27 (20.5)

III 281 (63.4) 139 (62.9) 60 (66.7) 82 (62.1)

IV 98 (22.1) 58 (26.2) 17 (18.9) 23 (17.4)

Past or current smoker 297 (67.0) 150 (67.9) 56 (62.2) 91 (68.9) 0.54

Category of disease 0.50

Lung cancer 292 (65.9) 137 (62.0) 65 (72.2) 90 (68.2)

Metastatic 64 (14.4) 37 (16.7) 11 (12.2) 16 (12.1)

Benign nodule 67 (15.1) 34 (15.4) 11 (12.2) 22 (16.7)

Bronchiectasis/pulmonary 
sequestration/infection

20 (4.5) 13 (5.9) 3 (3.3) 4 (3.0)

Type of Procedure 0.18

Wedge 176 (39.7) 85 (38.5) 34 (37.8) 57 (43.2)

Segmentectomy 21 (4.7) 13 (5.9) 5 (5.6) 3 (2.3)

Lobectomy 235 (53.0) 116 (52.5) 48 (53.3) 71 (53.8)

Bi-lobectomy 6 (1.4) 2 (0.9) 3 (3.3) 1 (0.8)

Pneumonectomy 5 (1.1) 5 (2.3) 0 (0.0) 0 (0.0)

Robot 223 (50.3) 37 (16.7) 68 (75.6) 118 (89.4) <0.001

Vales are in frequency and % unless otherwise specified. IQR, interquartile range; ERAS, enhanced recovery after surgery.
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filled out a post-operative pain questionnaire at 4 weeks in 
the pre-emptive pain management group (Figure S1). In this 
subset of patients, the median pain score was 1.5 with IQR 
(0.0, 3.0) on a 1–10 pain scale. 

Discussion 

Our pre-emptive pain management program was associated 
with a significant reduction of opioid prescriptions 
after pulmonary resection. Patients who went home 
without opioids did not later require an outpatient opioid 
prescription, and the average self-reported pain score 
was very mild pain at a 4-week follow-up appointment. 
This result was likely due to success of the ERAS 
protocol—especially the pain management aspect of the 
protocol, wherein patients were given medication prior 
to experiencing pain rather than waiting to experience 

Table 3 Surgical outcome

Outcome Total (N=443) Control (n=221) ERAS (n=90) Pre-emptive (n=132) Overall P value

Procedure time (min), median (IQR) 203.0 (114.0, 281.0) 187.0 (109.0, 264.0) 237.0 (158.0, 305.0) 215.5 (112.0, 283.0) 0.02

Packed red blood cells

Intraoperative 10 (2.3) 10 (4.5) 0 (0.0) 0 (0.0) 0.01

Postoperative 12 (2.7) 10 (4.5) 2 (2.2) 0 (0.0) 0.04

ICU

Initial visit to ICU 59 (13.3) 51 (23.1) 5 (5.6) 3 (2.3) <0.001

Unexpected return to ICU 8 (1.8) 5 (2.3) 2 (2.2) 1 (0.8) 0.56

Unexpected return to the OR 8 (1.8) 7 (3.2) 1 (1.1) 0 (0.0) 0.08

Postoperative events occurred 126 (28.4) 84 (38.0) 21 (23.3) 21 (15.9) <0.001

Urinary retention 42 (9.5) 27 (12.2) 11 (12.2) 4 (3.0) 0.01

Atrial arrhythmia 29 (6.5) 20 (9.0) 7 (7.8) 2 (1.5) 0.02

Air leak (>5 days) 22 (5.0) 14 (6.3) 3 (3.3) 5 (3.8) 0.41

Other pulmonary event 22 (5.0) 16 (7.2) 2 (2.2) 4 (3.0) 0.09

Pneumonia 11 (2.5) 9 (4.1) 1 (1.1) 1 (0.8) 0.10

Pneumothorax 14 (3.2) 6 (2.7) 3 (3.3) 5 (3.8) 0.85

Urinary tract infection 12 (2.7) 9 (4.1) 3 (3.3) 0 (0.0) 0.07

Discharged with Foley 11 (2.5) 8 (3.6) 1 (1.1) 2 (1.5) 0.30

Length of stay (days), median (IQR) 3.0 (2.0, 4.0) 3.0 (2.0, 5.0) 3.0 (2.0, 4.0) 2.0 (1.0, 3.0) <0.001

Readmission within 30 days 31 (7.0) 25 (11.3) 3 (3.3) 3 (2.3) 0.002

Opioid at discharge 277 (62.5) 185 (83.7) 69 (76.7) 23 (17.4) <0.001

Values are in frequency and % unless otherwise specified. IQR, interquartile range; ERAS, enhanced recovery after surgery.
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Figure 1 Impact of pre-emptive pain management program 
in opioid prescription. Patients who had pre-emptive pain 
management along with ERAS had significantly fewer opioid 
prescription at discharge (17.4%) compared to patients who were 
in the ERAS only group (76.7%, P<0.001) or control group (83.7%, 
P<0.001). ERAS, enhanced recovery after surgery.
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pain. This pre-emptive pain control sought to prevent 
central sensitization caused by the incisional injury and 
the subsequent inflammatory cascade (9). Our paradigm 
shift from giving hydromorphone PCA after surgery to 
giving around-the-clock, multimodal pain medication 
prior to making an incision made a dramatic difference in 
the management of pain after surgery. Long-acting local 
anesthetics, such as liposomal bupivacaine, also impacted 
patients’ experiences of pain after surgery when used 
effectively. By reducing patient pain, the combination 
of multimodal pain medication and a long-acting local 
anesthetic subsequently reduced the number of opioid 
prescriptions.

There is controversy, however, about the efficacy of 
liposomal bupivacaine in the management of pain after 
pulmonary resection. Certain studies show no significant 
difference in pain levels for patients using liposomal 
bupivacaine versus bupivacaine pain medication (10), while 
other studies show a significant difference in the opioid 

requirement after surgery (11) and the length of stay 
after minimally invasive thoracic surgical procedures (12).  
The different outcomes may be due to the difference in 
the technique used to inject the liposomal bupivacaine. 
We found the direct injection of the undiluted liposomal 
bupivacaine from the 2nd to the 10th intercostal nerves 
from inside the chest cavity at the beginning of the case 
provided the best nerve block after pulmonary resection. 
This injection, along with around-the-clock acetaminophen 
and gabapentin with or without an NSAID, made an impact 
in patients’ experiences with pain. Finally, once the chest 
tube was removed, most of the pain dissipated, making it 
easier for patients to be discharged home with a regimen of 
non-opioid pain medication. 

To our surprise, chronic opioid pain medication use 
was not a factor in being discharged home with opioid 
pain medications. This is likely due to patients who are on 
chronic opioid pain medications were asked to have their 
opioid medications prescribed by their pain specialist to 

Table 4 Univariate logistic regression on characteristics associated with opioids at discharge

Characteristics
Opioids at discharge

Unadjusted OR (95% CI) P value
No (n=166) Yes (n=277)

Pre-emptive pain control 109 (65.7) 23 (8.3) 0.05 (0.03, 0.08) <0.001

Age (years), median (IQR) 66.0 (60.0, 73.0) 67.0 (57.0, 73.0) 0.99 (0.97, 1.00) 0.14

Non-White 22 (13.3) 59 (21.3) 1.77 (1.04, 3.02) 0.04

Body mass index, median (IQR) 26.9 (23.3, 30.7) 27.2 (23.4, 31.3) 1.02 (0.99, 1.05) 0.18

Diabetes 23 (13.9) 54 (19.5) 1.51 (0.89, 2.56) 0.13

Preop thoracic radiation therapy 1 (0.6) 7 (2.5) 4.28 (0.52, 35.08) 0.18

Robot technology 126 (75.9) 97 (35.0) 0.17 (0.11, 0.26) <0.001

Initial visit to ICU 8 (4.8) 51 (18.4) 4.46 (2.06, 9.65) <0.001

Postoperative events 40 (24.1) 86 (31.0) 1.42 (0.92, 2.20) 0.12

Values are in frequency and % unless otherwise specified. IQR, interquartile range.

Table 5 Multivariate logistics regression on characteristics associated with opioids at discharge

Characteristics Adjusted OR (95% CI) P value

Pre-emptive pain control 0.06 (0.03, 0.11) <0.001

Age at time of surgery (years) 0.99 (0.96, 1.01) 0.21

Non-White 1.67 (0.84, 3.31) 0.15

Body mass index 1.03 (0.99, 1.07) 0.14

Robotic technology 0.52 (0.30, 0.88) 0.02

AUC =0.84.
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reduce duplicate opioid prescriptions. In our experience 
the patients who take chronic opioid pain medications 
quickly failed the non-opioid pain medication and required 
hydromorphone PCA to manage their post-operative pain. 
In addition, we found that the ERAS protocol alone did 
not have an impact on decreasing opioid prescriptions after 
surgery. This result has also been seen in other studies 
where the ERAS protocol alone did not decrease the 
number of opioid prescriptions at the time of discharge (13).  
This finding likely stems from the fact that providers are 
not very good at predicting the future opioid needs of the 
patients: studies have suggested that about 70% of the 
opioids prescribed after surgery are never used by patients 
(14-16). Our pre-emptive pain management program, 
however, successfully decreased the amount of opioid 
prescriptions by changing the default approach, shifting 
from an opioid prescription at discharge to a non-opioid 
pain medication after surgery. Finally, our study also found 
that the use of robot technology was associated with a 
decrease in opioid prescriptions after pulmonary resection 
when compared to an open or VATS procedure: using robot 
technology in pulmonary resection decreases the rate of 
thoracotomy compared to use of VATS technology (17), 
and patients with thoracotomy require opioids at discharge 
to manage post-operative pain. 

As the opioid epidemic has made its way into the 
spotlight over the last several years, experts have worked 
together to develop different strategies to change opioid 
prescribing practices across the United States. For example, 
there have been efforts to minimize the number of unused 
opioid tablets prescribed by generating a consensus on the 
minimum number of tablets thought to be needed post-
operatively for certain common surgical procedures (18). 
While these efforts aim to reduce unnecessary opioid 
prescriptions, our study highlights how we can manage 
the majority of patients after surgery without opioids as a 
discharge medication. 

A major limitation of our study is the retrospective 
nature of the cohort study; however, the data was collected 
prospectively for the STS general thoracic surgery program, 
and the information about opioid prescriptions and the 
calls made to the clinic after surgery were obtained from 
medical records. Moreover, while the sample size in this 
study is small, it was designed to detect patterns in opioid 
prescriptions after the implementation of a non-opioid pain 
management program. 

In conclusion, we found that our pre-emptive pain 
control program was associated with a decrease in opioid 

prescriptions after pulmonary surgery. We believe that 
with our pre-emptive pain control program, along with 
the ERAS program, we can significantly decrease not only 
opioid-naïve patients’ dependence on opioids after surgery, 
but also the availability of opioids in the community.
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Table S1 Postoperative events

Events Total (N=443) Control (n=221) ERAS (n=90) Pre-emptive (n=132) Overall P value

Atelectasis req bronchoscopy 7 (1.6) 5 (2.3) 2 (2.2) 0 (0.0) 0.22

Postop pleural effusion 10 (2.3) 8 (3.6) 1 (1.1) 1 (0.8) 0.15

Adult respiratory distress syndrome 2 (0.5) 1 (0.5) 1 (1.1) 0 (0.0) 0.48

Respiratory failure 5 (1.1) 4 (1.8) 1 (1.1) 0 (0.0) 0.30

Bronchopleural fistula 2 (0.5) 0 (0.0) 1 (1.1) 1 (0.8) 0.34

Pulmonary embolus 1 (0.2) 0 (0.0) 0 (0.0) 1 (0.8) 0.31

Tracheostomy 2 (0.5) 1 (0.5) 1 (1.1) 0 (0.0) 0.48

Ventricular arrhythmia required treatment 1 (0.2) 1 (0.5) 0 (0.0) 0 (0.0) 0.60

Myocardial infarct 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) NA

DVT required treatment 2 (0.5) 0 (0.0) 1 (1.1) 1 (0.8) 0.34

Other cardiovascular event 3 (0.7) 3 (1.4) 0 (0.0) 0 (0.0) 0.22

Ileus 1 (0.2) 1 (0.5) 0 (0.0) 0 (0.0) 0.60

Any other GI event 3 (0.7) 2 (0.9) 1 (1.1) 0 (0.0) 0.52

Empyema required treatment 2 (0.5) 2 (0.9) 0 (0.0) 0 (0.0) 0.36

Surgical site infection 0.36

None 440 (99.3) 219 (99.1) 90 (100.0) 131 (99.2)

Organ space 2 (0.5) 2 (0.9) 0 (0.0) 0 (0.0)

Superficial 1 (0.2) 0 (0.0) 0 (0.0) 1 (0.8)

Sepsis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) NA

Other infection required IV antibiotics 4 (0.9) 3 (1.4) 1 (1.1) 0 (0.0) 0.42

New central neurological event 4 (0.9) 2 (0.9) 1 (1.1) 1 (0.8) 0.96

Recurrent laryngeal nerve paresis 1 (0.2) 1 (0.5) 0 (0.0) 0 (0.0) 0.60

Delirium 3 (0.7) 1 (0.5) 2 (2.2) 0 (0.0) 0.12

Other neurological event 1 (0.2) 1 (0.5) 0 (0.0) 0 (0.0) 0.60

Renal failure-RIFLE criteria 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) NA

Chylothorax required medical intervention 1 (0.2) 1 (0.5) 0 (0.0) 0 (0.0) 0.60

Other events required operation with 
general anesthesia

6 (1.4) 4 (1.8) 1 (1.1) 1 (0.8) 0.69

Values are in frequency and %.
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Figure S1 Postoperative pain questionnaire. 


