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Abstract

Pain following thoracotomy is one of the most severe forms of post-
operative pain. Post-thoracotomy pain may increase the risk of post-
surgical pulmonary complications, postoperative mortality, prolong 
hospitalization, and increase utilization of healthcare resources. To 
mitigate these effects, anesthesia providers commonly employ con-
tinuous epidural infusions, paravertebral blocks, and systemic opioids 
for pain management and improvement of pulmonary mechanics. We 
report the use of a continuous erector spinae plane block (ESPB) via 
a peripheral nerve catheter for postoperative pain management of an 
18-year-old patient who underwent complex aortic coarctation repair 
via lateral thoracotomy, aided by cardiopulmonary bypass. Continu-
ous ESPB proved to be an acceptable alternative for postoperative 
pain control, producing a substantial multi-dermatomal sensory 
block, resulting in adequate pain control, reduced opioid consump-
tion, and a potentially shorter hospital stay.
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Introduction

Thoracotomy is associated with severe postoperative pain, 
which can give rise to a range of respiratory complications and 
have detrimental effects on patient outcomes [1]. These com-
plications can increase morbidity and mortality rates, extend 
hospital stays, and increase utilization of healthcare resources 

[2, 3]. Patients undergoing thoracotomy experience pain from 
various sources, including incisional pain, compression of 
intercostal nerves, irritation of the parietal pleura, manipula-
tion of costovertebral joints, and insertion of chest tubes [2-4]. 
Inadequate postoperative pain control in this population can 
adversely affect ventilatory mechanics, leading to insuffi-
cient tidal volumes, impaired mucociliary clearance, impaired 
cough, atelectasis, ventilation-perfusion imbalance, hypox-
emia, and an increased risk of pulmonary infections [2-4]. To 
address these challenges, anesthesia providers employ a range 
of techniques to provide analgesia including thoracic epidural 
anesthesia, paravertebral nerve blockade, intercostal nerve 
blockade, cryoanalgesia, and the administration of systemic 
opioids, each with its own risk-benefit considerations [1-4].

An emerging technique gaining traction for postopera-
tive pain management following thoracotomy is the erector 
spinae plane block (ESPB) [4-12]. This approach involves the 
administration of a local anesthetic agent deep to the erector 
spinae muscle, adjacent to the tip of the transverse process, 
typically near the fifth thoracic vertebra [6]. Local anesthetic 
then spreads throughout the fascial plane and costotransverse 
foramen to ultimately act on intercostal nerves, and the dor-
sal and ventral rami of the thoracic spinal nerves, similar to 
a paravertebral block [6, 7]. Clinical experience has demon-
strated that the ESPB produces a multi-dermatomal sensory 
blockade, providing effective analgesia with minimal require-
ment for additional adjuncts in patients undergoing sternotomy 
or thoracotomy [4-12]. When compared to the traditional gold 
standard of thoracic epidural anesthesia, ESPB is less invasive 
and executed as a simpler procedure, with a potentially lower 
risk of complications such as dural puncture, pneumothorax, 
and bleeding risks including hematoma formation [4-13].

We present the successful use of a continuous ESPB, in-
stead of thoracic epidural anesthesia or paravertebral blockade, 
in an 18-year-old patient who underwent aortic coarctation re-
pair via thoracotomy with heparization and cardiopulmonary 
bypass (CPB). This alternate technique of analgesia was cho-
sen due to the presence of a pre-existing lumbar drain used 
to drain cerebrospinal fluid (CSF) and decrease intracranial 
pressure (ICP), as well as the need for anticoagulation while 
on CPB.

Review of this case and presentation in this format is in 
accordance with the guidelines of the Institutional Review 
Board of Nationwide Children’s Hospital (Columbus, OH).
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Case Report

Investigations

An 18-year-old male with mild cerebral palsy, chronic back 
pain, hypertension, and coarctation of the aorta was scheduled 
to undergo coarctectomy repair via a left thoracotomy with 
CPB.

Diagnosis

Past surgical history included repair of critical coarctation of 
the aorta at 2 years of age, revision of the repair with a stent 
at 8 years of age, and a stent replacement a few years later. 
Recently, the patient began experiencing lower extremity clau-
dication and worsening hypertension. Further evaluation with 
echocardiography revealed narrowing of the pre-existing stent 
in the descending aorta, resulting in worsening coarctation. 
Given this history, surgical intervention was deemed neces-
sary.

Treatment

One day prior to the scheduled surgery, the patient was ad-
mitted to the hospital for administration of intravenous flu-
ids, and placement of a lumbar drain. The lumbar drain was 
necessary for controlled CSF drainage and ICP monitoring, 
due to the risk of paralysis associated with the planned pro-
cedure. Recognizing the importance of postoperative pain 
control following the thoracotomy, the presence of the lumbar 
drain, and planned use of anticoagulation for CPB, the acute 
pain service, anesthesia, and surgical teams collaborated to 
develop a coordinated plan for postoperative analgesia using 
an ESPB via a continuous catheter. Additionally, the multi-
modal analgesia approach to pain management would also 
include hydromorphone delivered by patient-controlled an-
algesia (PCA). Premedication included 2 mg of intravenous 
midazolam. The patient was transported to the operating room 
and routine American Society of Anesthesiologists monitors 
were placed. Anesthesia was induced with lidocaine (30 mg), 
fentanyl (250 µg), and propofol (150 mg). Rocuronium (100 
mg) was administered for neuromuscular blockade. The tra-
chea was intubated with a cuffed 37 double lumen endotra-
cheal tube. The patient was positioned in the right lateral 
decubitus position to facilitate the placement of a left-sided 
erector spinae plane catheter. The posterior midline and para-
median areas at the T5 level were prepared using standard 
sterile technique. Ultrasound guidance was used to identify 
the T5 transverse process. A 2-inch, 18-gauge Tuohy needle 
was inserted perpendicular to the skin, approximately 2 - 3 cm 
off the midline and advanced 3 cm until the transverse process 
of T5 was contacted. To ensure proper fascial plane spread, 
3 mL of sterile 0.9% normal saline was injected. A 20-gauge 
catheter was then threaded and secured, 11 cm at the skin. 
The aspiration of the catheter was negative for blood. A test 

dose of 3 mL of 0.5% ropivacaine with 1:200,000 epinephrine 
was administered and then observed for 90 s. The test dose 
yielded no significant changes in heart rate, blood pressure, 
or T wave morphology, indicating a negative response. The 
catheter was then covered with a standard dressing. A bolus 
dose of 20 mL of 0.5% ropivacaine with 1:200,000 epineph-
rine and 0.2 mg/mL of dexamethasone was administered. A 
left thoracotomy was then performed to carry out the repair of 
the aortic arch. CPB time was 92 min with a cross-clamp time 
of 68 min. The aortic coarctation was excised, and the previ-
ously placed stents were replaced with a 24 mm Dacron stent. 
A chest tube was inserted, and following the reversal of neu-
romuscular blockade with sugammadex, the patient’s trachea 
was successfully extubated in the operating room. Through-
out the case, the patient received intravenous acetaminophen 
(1,000 mg), fentanyl (400 µg), hydromorphone (0.5 mg), and 
a dexmedetomidine infusion at 0.5 µg/kg/h. Blood products 
administered intraoperatively included 480 mL of cell saver, 
two units of platelets, and two units of cryoprecipitate.

Follow-up and outcomes

In the post-anesthesia care unit (PACU), the erector spinae 
catheter was connected to an infusion pump to administer 0.2% 
ropivacaine at 8 mL/h. Postoperatively, acetaminophen (1,000 
mg) was administered every 6 h and PCA hydromorphone was 
administered with a 0.25 mg bolus every 10 min as needed. 
The hydromorphone PCA was increased to 0.3 mg every 10 
min as needed during the immediate postoperative period due 
to pain. This was transitioned to an oral regimen that included 
5 mg of oxycodone every 4 h and 3 mg of diazepam every 6 
h with intravenous ketorolac. Pain scores were assessed every 
4 h using a 0 - 10 numerical rating scale. From postoperative 
day 0, the patient reported pain scores ranging from 4 - 8, with 
the most frequently reported scores falling within the range 
of 4 - 5. Scores of 7, 1, and 8 were considered outliers and 
were attributed to documented activity, the presence of a chest 
tube, and chronic back pain reported as 4 out of 10 at baseline. 
On postoperative day 1, both the lumbar drain and chest tube 
were removed. Subsequently, the PCA was discontinued, and 
the regimen of oxycodone and diazepam was transitioned to 
as-needed (PRN) dosing. The patient received two oral doses 
of 3 mg of oxycodone on postoperative day 2 and a single 3 
mg dose of diazepam on postoperative day 3. The ESPB cath-
eter remained in place until postoperative day 3, coinciding 
with the patient reporting a pain score of 0. The patient was 
also successfully transitioned from a nasal cannula to room air 
on postoperative day 3. There were no postoperative respira-
tory complications noted. The patient was discharged home on 
postoperative day 6, after completion of a secondary workup 
for possible stroke-like symptoms.

Discussion

We report the use of a continuous ESPB as part of a multi-
modal analgesic technique following complicated aortic coarc-
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tation repair via thoracotomy with CPB. The continuous ESPB 
block provided a multi-dermatomal sensory blockade, result-
ing in adequate pain control and reducing opioid requirements. 
Anecdotal experience has demonstrated the potential applica-
tions of the ESPB for managing pain following cardiothoracic 
surgery procedures in both pediatric and adult patients under-
going sternotomy or thoracotomy (Tables 1, 2) [4, 5, 8-15]. 
The lower risk profile of ESPB makes it an appealing option 
in situations where contraindications to neuraxial techniques 
may exist.

In our patient, a continuous ESPB was chosen due to the 
presence of a lumbar drain and the associated risks of perform-
ing a neuraxial technique in the presence of anticoagulation 
involved with CPB [16, 17]. The ESPB catheter provided con-
tinuous analgesia and allowed for titration of the local anes-
thetic infusion. This approach provided effective pain control 
while reducing the need for systemic opioids. The ability to 
achieve optimal pain management with reduced reliance on 
opioids is particularly important, given their potential adverse 
effects, including respiratory depression, sedation, and gastro-

Table 1.  Reports of ESPB Following Thoracotomy or Sternotomy in the Pediatric Population

Authors and reference Study type and demographics Treatment and outcomes
Kaushal et al, 2020 [5] Prospective, randomized study. 

Study cohort of 80 children 
with acyanotic CHD for surgery 
with sternotomy and CPB.

Bilateral ESPB versus no block (control). Patients who received an ESPB 
had reduced MOPS, required significantly less, and had a prolonged time 
to postoperative fentanyl needs, and a lower postoperative sedation score. 
Ultrasound-guided bilateral ESPB was a reliable and effective postoperative 
analgesic modality for pediatric cardiac surgery through a midline sternotomy.

Macaire et al, 2020 [8] Randomized, double-blind, 
placebo-controlled trial. Study 
cohort included 50 children 
following cardiac surgery 
with midline sternotomy.

Bilateral ESPB with 0.2% ropivacaine infusion versus saline infusion. Morphine 
requirements and intraoperative sufentanil were reduced in the ESPB group. 
Time to chest tube removal, first mobilization, pain scores (VAS) 2 h after 
chest tube removal, pain scores (VAS) at rest 1 month after surgery, and 
postoperative adverse events were decreased in the ESPB group. ESPB resulted 
in a decrease in intraoperative and postoperative opioid consumption, optimized 
rapid patient mobilization, and chest tube removal after cardiac surgery.

Singh et al, 2022 [10] Prospective randomized 
controlled trial. Study cohort 
included 40 children, 2 - 7 
years of age, scheduled for 
right or left thoracotomy 
under general anesthesia.

TEA versus ESPB analgesia. Intraoperative fentanyl requirements were greater 
in the TEA group when compared to the ESPB group while postoperative 
fentanyl requirements were comparable. The median FLACC score was 
equivalent between both groups. Higher incidence of adverse effects with 
TEA. ESPB provided similar postoperative analgesia to TEA with a lower 
incidence of adverse effects in pediatric patients undergoing thoracotomy.

CHD: congenital heart disease; CPB: cardiopulmonary bypass; ESPB: erector spinae plane block; MOPS: modified objective pain score; VAS: visual 
analogue scale; TEA: thoracic epidural anesthesia; FLACC: Face, Legs, Activity, Cry, Consolability.

Table 2.  Reports of ESPB Following Thoracotomy or Sternotomy in the Adult Population

Authors and reference Study type and demographics Treatment and outcomes
Sun et al, 2021 [4] Propensity score matched, 

retrospective cohort study. Study 
cohort included 452 consecutive 
adults for cardiac surgery 
through a lateral  
mini-thoracotomy.

Intermittent bolus ESPB via a catheter for 3 days versus no regional anesthesia. 
ESPB group had a lower oral MME, received fewer doses of antiemetic 
agents, and had a lower modified CPIS. Intermittent bolus ESPB is safe 
and resulted in a reduction of opioid use and decreased need for antiemetic 
agents following cardiac surgery through a lateral mini-thoracotomy.

Fang et al, 2019 [14] Randomized, controlled, 
double-blind study. Study cohort 
included 94 adult patients who 
underwent thoracotomy for lung  
surgery.

Preoperative single-injection ESPB versus preoperative single-injection TPVB. 
Patients in both groups were also provided with a sufentanil PCA. There 
were no significant differences in VAS, sufentanil use, or PONV following 
surgery. There was significantly less hypotension, bradycardia, hematoma 
formation, and a higher single attempt success rate with ESPB. Preoperative 
single-injection ESPB plus postoperative sufentanil PCA provided similar 
pain relief for patients undergoing thoracotomy when compared to TPVB.

Cavaleri et al, 2021 [15] Retrospective case series, 
eight adults who underwent 
an elective RATS procedure.

ESPB was performed after surgery with an initial bolus of local 
anesthetic agent followed by catheter insertion for continuous infusion. 
Based on NRS score, ESPB reduced postoperative opioid needs.

ESPB: erector spinae plane block; CPIS: clinical pulmonary infection score; MME: morphine milligram equivalents; TPVB: thoracic paravertebral 
block; VAS: visual analogue scale; PCA: patient-controlled analgesia; PONS: postoperative nausea and vomiting; NRS: numeric rate scale; RATS: 
robotic-assisted thoracic surgery.
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intestinal dysfunction.
Although the use of continuous ESPB via catheter in this 

case was successful, it is important to acknowledge some limi-
tations and potential complications associated with this tech-
nique. Proper placement of the catheter requires ultrasound 
guidance to ensure accurate placement and appropriate spread 
of the local anesthetic in the desired fascial plane. There is a 
learning curve associated with performing ESPB, and expertise 
in ultrasound-guided techniques is necessary to minimize the 
risk of complications, such as infection, local anesthetic toxic-
ity, nerve damage, and pneumothorax, although the reported 
incidence is low [16]. Furthermore, while ESPB provides an-
algesia, it may be inadequate, unreliable, and difficult to re-
produce due to the high spatial variability of local anesthetic 
distribution secondary to asymmetric spread [7, 18]. Thus, 
many patients may still require additional analgesic therapies 
[18-20]. In this case, the patient received a multimodal anal-
gesic regimen that included a hydromorphone demand PCA, 
intravenous acetaminophen, ketorolac, and diazepam. Com-
bining these analgesic techniques and medications allowed for 
synergistic effects, improving pain control, and reducing the 
potential of adverse effects of systemic opioids.

Learning points

Thoracotomy is associated with severe postoperative pain that 
can lead to respiratory complications and poor patient out-
comes.

Common anesthetic techniques for post-thoracotomy 
pain include thoracic epidural anesthesia, paravertebral nerve 
blockade, intercostal nerve blockade, cryoanalgesia, and sys-
temic opioids. Each is associated with specific adverse effects 
and benefits.

ESPB is an emerging technique for post-thoracotomy pain 
management that involves the administration of local anesthet-
ic deep to the erector spinae muscle, adjacent to the tip of the 
transverse process, typically near the fifth thoracic vertebra.

The ESPB mechanism of action involves the intercostal 
nerves, as well as the dorsal and ventral rami of the thoracic 
spinal nerves, similar to a paravertebral block.

Compared to thoracic epidural anesthesia, ESPB is less in-
vasive, and has fewer potential complications, making it an ap-
pealing option when neuraxial techniques are contraindicated.

Although rare, potential complications associated with 
ESPB include localized infection at the insertion site, local an-
esthetic toxicity, damage to underlying nerves, pneumothorax, 
and unreliable analgesic effect due to the variability of local 
anesthetic distribution within the fascial plane.

The use of additional analgesic agents is often necessary 
as an adjunct to ESPB.

Conclusions

The presented case demonstrates the use of a continuous ESPB 
via a catheter for postoperative pain management following 
thoracotomy and repair of aortic coarctation using CPB and 

a lumbar CSF drain. Benefits included effective pain control, 
decreased reliance on opioid medications, and a potentially 
shorter hospital stay in a patient where neuraxial (epidural) 
anesthesia was not feasible. However, while it is important 
to recognize that ESPB is an important analgesic therapy, its 
efficacy can be variable, and the incorporation of adjunctive 
analgesic agents is generally necessary [7, 17-20]. Future pro-
spective studies are warranted to compare the overall efficacy 
of ESPB with other well-established regional anesthetic tech-
niques such as epidural anesthesia or paravertebral blockading.

Acknowledgments

Thanks to Nationwide Children’s Hospital, the Department 
of Anesthesia and Pain Management, and associated staff for 
their assistance and support of this presentation.

Financial Disclosure

None to declare.

Conflict of Interest

None to declare.

Informed Consent

Informed consent, consistent with written Health Insurance 
Portability and Accountability Act (HIPAA) authorization, 
was obtained from the patient for anesthetic care and use of 
deidentified patient data for publication and research purposes.

Author Contributions

JDH provided clinical care for the patient, wrote and reviewed 
the manuscript. CM provided clinical care for the patient and 
reviewed the manuscript. OON helped review the manuscript. 
JDT reviewed and edited the final draft of the manuscript. RJB 
provided clinical care for the patient, wrote and edited the 
manuscript.

Data Availability

The data supporting the findings of this study are available 
from the corresponding author upon reasonable request.

Abbreviations

ESPB: erector spinae plane block; CPB: cardiopulmonary 
bypass; CSF: cerebrospinal fluid; ICP: intracranial pressure; 



Articles © The authors   |   Journal compilation © J Med Cases and Elmer Press Inc™   |   www.journalmc.org30

Erector Spinae Catheter for Pain After Thoracotomy J Med Cases. 2024;15(1):26-30

PCA: patient-controlled analgesia; PACU: post-anesthesia 
care unit; PRN: as-needed

References

1. Kavanagh BP, Katz J, Sandler AN. Pain control after tho-
racic surgery. A review of current techniques. Anesthesi-
ology. 1994;81(3):737-759. doi pubmed

2. Gerner P. Postthoracotomy pain management problems. 
Anesthesiol Clin. 2008;26(2):355-367. doi pubmed pmc

3. Garcia-Delgado M, Navarrete I, Garcia-Palma MJ, Col-
menero M. Postoperative respiratory failure after cardiac 
surgery: use of noninvasive ventilation. J Cardiothorac 
Vasc Anesth. 2012;26(3):443-447. doi pubmed

4. Sun Y, Luo X, Yang X, Zhu X, Yang C, Pan T, Du Y, et 
al. Benefits and risks of intermittent bolus erector spinae 
plane block through a catheter for patients after cardiac 
surgery through a lateral mini-thoracotomy: A propensity 
score matched retrospective cohort study. J Clin Anesth. 
2021;75:110489. doi pubmed

5. Kaushal B, Chauhan S, Magoon R, Krishna NS, Saini 
K, Bhoi D, Bisoi AK. Efficacy of bilateral erector spinae 
plane block in management of acute postoperative surgi-
cal pain after pediatric cardiac surgeries through a midline 
sternotomy. J Cardiothorac Vasc Anesth. 2020;34(4):981-
986. doi pubmed

6. Forero M, Adhikary SD, Lopez H, Tsui C, Chin KJ. The 
erector spinae plane block: a novel analgesic technique 
in thoracic neuropathic pain. Reg Anesth Pain Med. 
2016;41(5):621-627. doi pubmed

7. Bonvicini D, Boscolo-Berto R, De Cassai A, Negrello M, 
Macchi V, Tiberio I, Boscolo A, et al. Anatomical basis 
of erector spinae plane block: a dissection and histotopo-
graphic pilot study. J Anesth. 2021;35(1):102-111. doi 
pubmed pmc

8. Macaire P, Ho N, Nguyen V, Phan Van H, Dinh Nguyen 
Thien K, Bringuier S, Capdevila X. Bilateral ultrasound-
guided thoracic erector spinae plane blocks using a pro-
grammed intermittent bolus improve opioid-sparing post-
operative analgesia in pediatric patients after open cardiac 
surgery: a randomized, double-blind, placebo-controlled 
trial. Reg Anesth Pain Med. 2020;45(10):805-812. doi 
pubmed

9. Mudarth M, Satyapriya V, Coffman J, DeSocio P, Law-
rence A, Schwartz S, Kushelev M. Continuous erector 
spinae plane block for analgesia after thoracotomy for 
lung transplantation in an anticoagulated patient. Case 
Rep Anesthesiol. 2021;2021:6664712. doi pubmed pmc

10. Singh S, Andaleeb R, Lalin D. Can ultrasound-guided 
erector spinae plane block replace thoracic epidural an-
algesia for postoperative analgesia in pediatric patients 

undergoing thoracotomy? A prospective randomized con-
trolled trial. Ann Card Anaesth. 2022;25(4):429-434. doi 
pubmed pmc

11. Wang Q, Li H, Wei S, Zhang G, Ni C, Sun L, Zheng H. 
Dexmedetomidine added to ropivacaine for ultrasound-
guided erector spinae plane block prolongs analgesia du-
ration and reduces perioperative opioid consumption af-
ter thoracotomy: a randomized, controlled clinical study. 
Clin J Pain. 2021;38(1):8-14. doi pubmed pmc

12. Raj N. Regional anesthesia for sternotomy and bypass-
Beyond the epidural. Paediatr Anaesth. 2019;29(5):519-
529. doi pubmed

13. Allen DJ, Chae-Kim SH, Trousdale DM. Risks and com-
plications of neuraxial anesthesia and the use of antico-
agulation in the surgical patient. Proc (Bayl Univ Med 
Cent). 2002;15(4):369-373. doi pubmed pmc

14. Fang B, Wang Z, Huang X. Ultrasound-guided preopera-
tive single-dose erector spinae plane block provides com-
parable analgesia to thoracic paravertebral block follow-
ing thoracotomy: a single center randomized controlled 
double-blind study. Ann Transl Med. 2019;7(8):174. doi 
pubmed pmc

15. Cavaleri M, Tigano S, Nicoletti R, La Rosa V, Terminella 
A, Cusumano G, Sanfilippo F, et al. Continuous erector 
spinae plane block as postoperative analgesic technique 
for robotic-assisted thoracic surgery: a case series. J Pain 
Res. 2021;14:3067-3072. doi pubmed pmc

16. Livingston AJ, Laing B, Zwagerman NT, Harris MS. Lum-
bar drains: Practical understanding and application for the 
otolaryngologist. Am J Otolaryngol. 2020;41(6):102740. 
doi pubmed

17. De Cassai A, Bonvicini D, Correale C, Sandei L, Tulgar 
S, Tonetti T. Erector spinae plane block: a systematic 
qualitative review. Minerva Anestesiol. 2019;85(3):308-
319. doi pubmed

18. Boscolo-Berto R, Bonvicini D, A DEC, Negrello M, 
Macchi V, Navalesi P, R DEC, et al. High variability 
of in-depth injective spread in the erector spinae plane 
block: a cadaveric anatomical insight. Minerva Anestesi-
ol. 2021;87(1):112-113. doi pubmed

19. Muhly WT, Beltran RJ, Bielsky A, Bryskin RB, Chinn C, 
Choudhry DK, Cucchiaro G, et al. Perioperative manage-
ment and in-hospital outcomes after minimally invasive 
repair of pectus excavatum: a multicenter registry report 
from the society for pediatric anesthesia improvement net-
work. Anesth Analg. 2019;128(2):315-327. doi pubmed

20. Kodia K, Stephens-McDonnough JA, Alnajar A, Vil-
lamizar NR, Nguyen DM. Implementation of an en-
hanced recovery after thoracic surgery care pathway 
for thoracotomy patients-achieving better pain control 
with less (schedule II) opioid utilization. J Thorac Dis. 
2021;13(7):3948-3959. doi pubmed pmc

https://www.doi.org/10.1097/00000542-199409000-00028
http://www.ncbi.nlm.nih.gov/pubmed/8092520
https://www.doi.org/10.1016/j.anclin.2008.01.007
http://www.ncbi.nlm.nih.gov/pubmed/18456219
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2453516
https://www.doi.org/10.1053/j.jvca.2011.11.007
http://www.ncbi.nlm.nih.gov/pubmed/22257829
https://www.doi.org/10.1016/j.jclinane.2021.110489
http://www.ncbi.nlm.nih.gov/pubmed/34481363
https://www.doi.org/10.1053/j.jvca.2019.08.009
http://www.ncbi.nlm.nih.gov/pubmed/31515190
https://www.doi.org/10.1097/AAP.0000000000000451
http://www.ncbi.nlm.nih.gov/pubmed/27501016
https://www.doi.org/10.1007/s00540-020-02881-w
http://www.ncbi.nlm.nih.gov/pubmed/33340344
http://www.ncbi.nlm.nih.gov/pubmed/33340344
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7840626
https://www.doi.org/10.1136/rapm-2020-101496
http://www.ncbi.nlm.nih.gov/pubmed/32817407
http://www.ncbi.nlm.nih.gov/pubmed/32817407
https://www.doi.org/10.1155/2021/6664712
http://www.ncbi.nlm.nih.gov/pubmed/33728071
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7936898
https://www.doi.org/10.4103/aca.aca_269_20
http://www.ncbi.nlm.nih.gov/pubmed/36254906
http://www.ncbi.nlm.nih.gov/pubmed/36254906
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9732960
https://www.doi.org/10.1097/AJP.0000000000000992
http://www.ncbi.nlm.nih.gov/pubmed/34636753
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8635250
https://www.doi.org/10.1111/pan.13626
http://www.ncbi.nlm.nih.gov/pubmed/30861264
https://www.doi.org/10.1080/08998280.2002.11927867
http://www.ncbi.nlm.nih.gov/pubmed/16333466
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1276639
https://www.doi.org/10.21037/atm.2019.03.53
http://www.ncbi.nlm.nih.gov/pubmed/31168455
http://www.ncbi.nlm.nih.gov/pubmed/31168455
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6526263
https://www.doi.org/10.2147/JPR.S308027
http://www.ncbi.nlm.nih.gov/pubmed/34629899
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8495611
https://www.doi.org/10.1016/j.amjoto.2020.102740
https://www.doi.org/10.1016/j.amjoto.2020.102740
http://www.ncbi.nlm.nih.gov/pubmed/32979671
https://www.doi.org/10.23736/S0375-9393.18.13341-4
http://www.ncbi.nlm.nih.gov/pubmed/30621377
https://www.doi.org/10.23736/S0375-9393.20.14850-8
http://www.ncbi.nlm.nih.gov/pubmed/32720789
https://www.doi.org/10.1213/ANE.0000000000003829
http://www.ncbi.nlm.nih.gov/pubmed/30346358
https://www.doi.org/10.21037/jtd-21-552
http://www.ncbi.nlm.nih.gov/pubmed/34422325
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8339763

