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Background: A major challenge associated with the Nuss procedure for pectus excavatum repair is 
postoperative pain control. Early Recovery Program (ERP) protocols for the Nuss procedure are becoming 
common, but there is a paucity of experience using liposomal bupivacaine (LB), a long-acting local 
anesthetic, for rib blocks in this setting. We investigated whether a protocol utilizing LB rib blocks decreased 
opioid use after the Nuss procedure while achieving equivalent pain control. 
Methods: All adolescent patients undergoing the Nuss procedure at our institution between January 
2013 and January 2021 were included. Patients were divided into a pre-intervention cohort (n=15), a 
transition cohort (n=4), and a post-intervention cohort (n=13). Patients in all groups received scheduled 
acetaminophen and non-steroidals postoperatively. The pre-intervention cohort received an opioid patient-
controlled analgesia (PCA) pump postoperatively, with a transition to oral opiates. The transition and post-
intervention cohorts received scheduled gabapentin in addition to intraoperative bilateral rib blocks with 
longer-acting local anesthetic. Rib blocks were performed using 0.25% Bupivacaine in the pre-intervention 
group. In the transition group, epinephrine (1 mg/kg) was added to 0.25% bupivacaine for the rib block. 
Following approval in patients aged 13–18 years, 1.3% LB (2.25 mg/kg) was given for a rib block in the post-
intervention cohort. 
Results: Demographic and clinical variables were equivalent in all groups. Post-intervention patients 
received 90% fewer opioids [median morphine equivalent (MME) mg/kg] compared to the pre-intervention 
cohort (0.8 vs. 8.2 MME mg/kg, P<0.0001), with no significant difference in pain scores between groups. 
Hospital length of stay was decreased among the intervention cohort (3 vs. 4 days, P=0.002). 
Conclusions: Significant decreases in opioid use and length of stay after the Nuss procedure were achieved by 
the implementation of a multimodal ERP for pain management, without increase in patient-reported pain scores. 
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Introduction

The Nuss procedure is most often performed as a 
minimally invasive thoracoscopic approach to the repair 
of pectus excavatum (1). In this procedure, 1 or 2 pre-
formed metal bars are placed within the chest wall to 
elevate the sternum and correct the deformity. A major 
challenge associated with this procedure is postoperative 
pain control. In addition to incisional pain, patients 
experience muscular and neuropathic pain associated with 
the stretching of the intercostal musculature that persists 
well beyond the operation (2). Poor pain control has been 
associated with increased patient and family anxiety, delay 
in initiation of physical therapy, and prolonged hospital 
stay (3). Historically the placement of a thoracic epidural 
for pain control was considered the standard of care at 
many programs (4). However, this has fallen out of favor 
due to the incidence of rare neurologic complications (5,6) 
and the increased length of stay associated with epidural 
analgesia (3). More recently, many institutions favor the 
use of patient-controlled analgesia (PCA) with opioid 
medications (7). While opioids are effective, excessive 
use can have numerous adverse effects including nausea/
vomiting, constipation, urinary retention, and respiratory 
depression, as well as the potential for long term opioid 
dependence (8). As such, there is a trend at our institution 
and others toward alternative methods of multimodal pain 
control that minimize opioid administration. In thoracic 
surgery, there has been a major practice shift towards long-
acting rib blocks with liposomal bupivacaine (LB) (9,10). 
There is a growing interest in the role of loco-regional 
anesthesia as an adjunct to a multimodal perioperative 
pain control strategy for the Nuss procedure. Methods 
previously investigated include paravertebral blocks (11), 
intercostal rib blocks with short-acting local anesthetic 
(12,13), and intercostal nerve cryoablation (INC) (14-18). 
However, there is very little published in the literature 
with regards to the use of long-acting local anesthetic 
for rib blocks during this procedure in the adolescent 
population. The purpose of our study was to determine 
whether a new multimodal Early Recovery Program (ERP) 
utilizing rib blocks with LB for pain control decreased 
opioid use after the Nuss procedure. We hypothesized that 
compared to historical controls, patients managed in the 
setting of an ERP would have equivalent pain control with 
less opioid administration. 

We present the following study in accordance with the 
TREND reporting checklist (available at https://dx.doi.

org/10.21037/jtd-21-1314).

Methods

An opioid reduction quality improvement initiative 
(described below) was rolled out in all patients undergoing 
a Nuss procedure at our institution over the calendar year 
of 2018. Patients in the transition cohort (Jan–Dec 2018) 
and patients in the post-intervention cohort (Jan 2019–Jan 
2021) were prospectively followed. For a historical control, 
a retrospective review of operative logs was undertaken to 
identify all patients that underwent a Nuss procedure at our 
institution from Jan 2013–Dec 2017. Three patients were 
excluded from the final analysis due to age >21 (n=1), re-
operation for second bar placement (n=1), and incomplete 
data in the medical record (n=1). Thirty-two patients were 
included in the study: 15 in the pre-intervention cohort, 
4 in the transition cohort, and 13 in the post-intervention 
cohort. 

Pre-operatively all patients underwent cardiopulmonary 
evaluation with electrocardiogram (EKG), echocardiogram, 
and CT scan or MRI to calculate Haller Index and degree 
of compression on intrathoracic structures, as well as metal 
allergy testing. Additionally, select patients had pulmonary 
function testing. Intra-operatively, all patients underwent a 
general anesthetic for the procedure. The medications and 
doses used for the anesthetic were at the discretion of the 
anesthesiologist and were not standardized across patients, 
nor considered part of our post-operative opioid reduction 
quality improvement intervention.

Table 1 describes the differences in perioperative 
management in the pre-intervention, transition, and post-
intervention cohorts. In the pre-intervention group, patients 
were given a rib block by palpation and subcutaneous 
infiltration with 0.25% Marcaine at the conclusion of the 
procedure. Postoperatively, patients in the pre-intervention 
(his tor ica l )  cohort  were  adminis tered scheduled 
acetaminophen and non-steroidal anti-inflammatory 
drugs (NSAIDs) (IV ketorolac then oral ibuprofen). They 
were prescribed an opioid PCA (morphine, fentanyl, or 
hydromorphone), and this was transitioned to oral opioids 
during the hospital stay.

Patients in the transition and post-intervention cohorts 
received pre-operative acetaminophen, celecoxib, and 
gabapentin. Patients in these groups also received intra-
operative bilateral intercostal rib blocks at interspaces 
5–9 bilaterally, performed by the operating surgeon. The 
method of rib block is important, and follows the technique 

https://dx.doi.org/10.21037/jtd-21-1314
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Table 1 Perioperative protocols in pre-intervention, transition, and post-intervention cohorts

Phase of care Pre-intervention cohort (n=15) Transition cohort (n=4) Post-intervention cohort (n=13)

Pre-operative No pre-medication Acetaminophen 975 mg Acetaminophen 975 mg

Celecoxib 200 mg Celecoxib 200 mg

Gabapentin 300 mg Gabapentin 300 mg

Intra-operative General anesthesia General anesthesia General anesthesia

Foley catheter placement Bilateral rib blocks with 0.25% bupivacaine 
with epinephrine (1 mg/kg)

Bilateral rib blocks with 0.3% LB 
(2.25 mg/kg)

Rib block with 0.25% Marcaine at 
conclusion

No Foley catheter placed No Foley catheter placed

Post-operative Scheduled acetaminophen 975 mg 
every 6 hours

Scheduled acetaminophen 975 mg every  
6 hours

Scheduled acetaminophen 975 
mg every 6 hours

Scheduled Toradol 30 mg every  
6 hours with transition to ibuprofen 
600 mg every 4 hours

Scheduled Toradol 30 mg every 6 hours 
with transition to ibuprofen 600 mg every  
4 hours

Scheduled Toradol 30 mg every  
6 hours with transition to 
ibuprofen 600 mg every 4 hours

Opioid PCA (morphine, 
hydromorphone, or fentanyl)

Scheduled gabapentin 300 mg every  
8 hours

Scheduled gabapentin 300 mg 
every 8 hours

Transition to oral oxycodone PRN oxycodone 5 mg every 6 hours As needed (PRN) oxycodone  
5 mg every 6 hours

LB, liposomal bupivacaine; PCA, patient-controlled analgesia; PRN, as-needed.

previously described at our institution (9). The block is 
performed immediately following scope insertion at the 
beginning of the case, with percutaneous injection under 
direct thoracoscopic visualization on the right side and 
localized by anatomic landmarks on the left. Patients in the 
transition group were administered 0.25% bupivacaine with 
epinephrine (1 mg/kg), and patients in the post-intervention 
cohort were administered 1.3% LB (2.25 mg/kg) diluted 
in normal saline. Initially LB was not approved for patients 
under age 18 at our institution; approval was later granted 
for use in ages 13–18, and all subsequent Nuss patients were 
treated with LB. 

The surgical technique was otherwise unchanged 
between cohorts. We do not use a sternal elevator. If 
one bar was placed, one stabilizer was used on the non-
dominant hand side. If two bars were placed, two stabilizers 
were used, one on each bar, on opposite sides. 

Post-operatively, patients in the transition and post-
intervention cohorts were treated with scheduled 
acetaminophen, NSAIDs (IV ketorolac then oral ibuprofen), 
and scheduled gabapentin. Oral oxycodone was prescribed 
as needed only. 

Patients in all groups were instructed in the use of an 
incentive spirometer on postoperative day 0 and got out of 

bed with physical therapy on postoperative day 1. Patients in 
the transition and post-intervention groups did not have Foley 
catheters placed intraoperatively. This was routinely performed 
in the pre-intervention group. All patients were discharged 
home with a prescription for 10 tablets of oral oxycodone 5 mg 
and a 30-day supply of gabapentin. Patients were counseled at 
discharge on as-needed use of Tylenol and Ibuprofen for mild 
pain in the immediate postoperative period.

Data collected from the medical record included 
demographics, pre-operative characteristics including 
Haller Index and presence or absence of cardiac or 
pulmonary compression, medication administration, 
p r e s e n c e  o f  p o s t o p e r a t i v e  p n e u m o t h o r a x ,  a n d 
postoperat ive  compl ica t ions  inc luding  need  for 
readmission. Pain scores (rated 1–10) were documented 
every 4 hours by the bedside nurse. The minimum and 
maximum pain score for each 24-hour period (0–24 hours, 
25–48 hours, and 49–72 hours postoperatively) were 
collected. Medication administration and dosing were 
collected from the intraoperative anesthesia record and 
the medication administration record for the hospital stay. 
Data collected on opioid medication dosing was converted 
to median morphine equivalent milligrams/kilogram 
(MME mg/kg) for standardized comparison.
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Statistical analysis

Statistical data analysis was performed using SAS version 
9.4 (Cary, North Carolina). The primary outcomes assessed 
were opioid administration (MME mg/kg) and post-
operative pain control. Secondary outcomes included post-
operative clinical variables including hospital length of stay 
and clinical safety profile. Associations between continuous 
variables were examined with the Wilcoxon Rank-Sum 
test for non-normally distributed data, and the Student’s 
t-test for normally distributed data. Chi-Square test was 
used to analyze categorical variables. The results expressed 
are a comparison between the pre-intervention and post-
intervention cohorts; data from the transition cohort 
is presented for context but is excluded from the final 
comparative analysis. Normally distributed data is expressed 
as mean ± standard deviation (SD). Non-parametric data 
is expressed as median and interquartile ranges. A P value 
of <0.01 was considered statistically significant, to account 
for multi-comparison bias. We additionally utilized X-mR 
process control charts to demonstrate time trends in 
our primary outcome of post-operative opioid use. The 
centerline and upper confidence levels are fixed after the 
first 10 points of our pre-intervention cohort. This allowed 
the determination if a significant shift occurred following 
our intervention. The post-operative opioid use X-mR 
process control chart was created using the QIMacros 
package (Denver, Colorado) in Microsoft Excel 2016 
(Redmond, Washington). 

Ethics approval

The study was conducted in accordance with the 

Declaration of Helsinki (as revised in 2013). The study 
was reviewed by institutional/regional/national ethics/
committee/ethics board of the University of Virginia (No. 
00006183) and individual consent for this retrospective 
analysis was waived, as this protocol was deemed exempt as 
part of an institutional quality improvement initiative.

Results

A total of thirty-two patients undergoing the Nuss procedure 
between 2013 and 2021 at our institution were included 
in the study. There were no significant differences in 
baseline demographic and clinical characteristics between 
groups (Table 2). There were no significant differences 
in the Haller index or degree of cardiac or pulmonary 
compression between groups pre-operatively. The total 
postoperative median MMEs were markedly decreased 
in the post-intervention cohort (0.8 vs. 8.2 MME mg/kg, 
P<0.0001), with patients in this group receiving 90% fewer 
opioids compared to the pre-intervention cohort. Figure 1  
demonstrates the X-mR process control chart for post-
operative opioid administration. The chart demonstrates a 
marked inflection point corresponding with our intervention. 
Mean total NSAIDs used during admission were similar in 
the pre-intervention and post-intervention groups (2,600 
vs. 2,008.3 mg ibuprofen and 249.5 vs. 227 mg Toradol), 
with an additional single dose of celecoxib pre-operatively 
in the post-intervention cohort. There were no significant 
differences in post-operative patient-reported pain scores 
between groups at 24, 48 and 72 hours (Table 3, Figure 2).

Postoperative length of stay was decreased in the post-
intervention cohort, with a mean length of stay (LOS) of  

Table 2 Patient demographic and clinical characteristics in pre-intervention, transition, and post-intervention cohorts

Patient characteristic Pre-intervention cohort (n=15) Transition cohort (n=4) Post-intervention cohort (n=13) P value 

Age at operation (years), mean (SD) 15.4 (2.0) 15.2 (0.5) 15.7 (2.1) 0.35

Weight at operation (kg), mean (SD) 57.8 (8.8) 57.5 (5.4) 66.3 (11.1) 0.02

Sex, female, n (%) 5 (33.3) 1 (25.0) 0 (0)

ASA Score, median (IQR) 1 [1, 2] 1 [1, 1.5] 2 [1, 2] 0.276

Haller index, median (IQR) 5.3 (1.5) 5.3 (1.5) 5.4 (1.4) 0.961

Cardiac dysrhythmia, n (%) 0 (0) 0 (0) 1 (7.6)

Mitral value prolapse, n (%) 0 (0) 0 (0) 1 (7.6)

Second bar placed, n (%) 4 (26.7) 1 (25.0) 2 (15.4) 

ASA Score, American Society of Anesthesiologists Score; IQR, interquartile range; SD, standard deviation.
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Figure 1 Process-control chart of post-operative morphine equivalents (MME mg/kg). Each point on the X-axis represents an individual 
patient, and patients are displayed in chronologic order. The blue box represents the transition cohort group (date range, Jan–Dec 2018). 
UCL, upper control limit; MME, median morphine equivalent.

3 days (range, 2–5 days), compared to 4 days (range, 3–6 days)  
in the pre-intervention cohort (P=0.002). Additionally, 
the safety profiles between the cohorts were statistically 
similar (Table 4). No patients required readmission for pain, 
and there was no incidence of bupivacaine toxicity. While 
a small residual pneumothorax is common following the 
thoracoscopic procedure, no patient required intervention 
for pneumothorax or hemothorax. One patient in the post-
intervention cohort required re-operation one year after 
the initial procedure due to a granulomatous reaction 

to the fiber wires. One patient in the post-intervention 
cohort developed a surgical site infection 5 months after his 
operation, requiring antibiotic therapy and fluid aspiration 
in clinic. There were no major complications (sepsis, un-
planned reintubation, un-planned re-operation) during the 
initial hospital stay of the studied patients.

The patients in all cohorts tolerated the procedure without 
the development of chronic pain. No patient required a refill 
of oxycodone after discharge, and no patient in any cohort 
remained on opioid therapy 30 days after surgery. One 
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patient in the post-intervention group did require a refill of 
gabapentin in the post-operative period, but was able to wean 
off of this without need for long-term use.

Discussion

By implementing a new ERP with a multimodal pain 

protocol including intercostal blocks with LB and the 
elimination of opioid PCA use we decreased opioid 
utilization by 90% and decreased postoperative length of 
stay by one full day among adolescent patients undergoing 
the Nuss procedure for pectus excavatum. In our 
institutional protocol, we employed multiple evidence-
based strategies to manage postoperative pain. Our protocol 
was modeled after many elements of the University of 
Virginia adult Thoracic Surgery ERP, which incorporates 
pre-operative education, opioid-sparing analgesia, rib blocks 
with LB, and early ambulation (19). There is a growing 
interest in ERP and fast-track protocols in pediatric surgery, 
with the aims to minimize the physiologic and psychological 
stress of surgery, improve patient experience and decrease 
hospital length of stay (2,20-23).

A number of ERP and Early Recovery after Surgery 
(ERAS) protocols have been published for the Nuss 
procedure. Holmes et al. noted a decrease in hospital 
length of stay, patient-reported pain scores, and opioid 
consumption among pediatric Nuss patients with the 
implementation of a multimodal pain regimen that included 
placement of a paravertebral pain catheter for analgesia (24).  
Litz et al. similarly reported decreased hospital length of 
stay and postoperative morphine equivalents following 

Table 3 Pain control data in pre-intervention, roll-out and post-intervention cohorts

Pain control category
Pre-intervention cohort 

(n=15)
Transition cohort  

(n=4)
Post-intervention cohort 

(n=13)
P value 

Intra-operative median morphine 
equivalents (mg/kg) median (IQR)

1.4 (0.7, 2.5) 1.1 (0.1, 2.3) 0.4 (0.1, 1.4) 0.022

Post-operative median morphine 
equivalents (mg/kg) median (IQR)

8.2 (6.1, 9.4) 1.2 (0.6, 3.5) 0.8 (0.5, 1.3) <0.0001

Intra-operative liposomal bupivacaine (mg), 
mean (SD)

0 (0) 0 (0) 165.2 (52.0)

Post-operative gabapentin (g), mean (SD) 0 (0) 3.38 (1.79) 3.0 (1.3)

Post-operative PO acetaminophen (g), 
median (IQR)

7.3 (4.5, 9.7) 9.7 (9.7, 11.9) 10.7 (7.8, 12.2) 0.032

Post-operative ibuprofen (g), median (IQR) 2 (0.4, 4.8) 2.2 (1.8, 2.6) 1.8 (1.2, 3.0) 0.488

Post-operative IV Toradol (mg), median 
(IQR)

198.5 (135.0, 330.0) 157.5 (119.7, 246.0) 230.3 (195.0, 240.0) 0.818

Pain score

0–24 hours (maximum), median [IQR] 8 [7, 10] 5 [3, 8.5] 8.5 [7, 10] 0.535

24–48 hours (maximum), median [IQR] 7 [5, 8] 6 [4.5, 7] 6.5 [6, 8] 0.689

48–72 hours (maximum), median [IQR] 6 [5, 8] 7 [5.5, 8.5] 6 [4.5, 8] 0.675

IQR, interquartile range; SD, standard deviation; PO, by mouth.

Figure 2 Patient-reported maximum pain scores in the first  
72 hours after Nuss procedure
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implementation of a protocol involving pre-operative 
expectation setting and multimodal analgesia, with use of 
an opioid PCA (20). Wharton and colleagues described a 
multimodal ERAS protocol involving bilateral multi-level 
intercostal nerve blocks with 0.25% Marcaine during the 
Nuss procedure (22). As part of their protocol, patients 
were prescribed stretches and were treated postoperatively 
with gabapentin and opioid and ketamine PCAs. A decrease 
in hospital length of stay and urinary retention was noted 
with these interventions, with decreased patient-reported 
pain scores on post-operative day zero.

There is also a growing interest in INC for pain control 
following the Nuss procedure. Graves et al. found that 
in comparison to thoracic epidural analgesia, patients 
undergoing cryoanalgesia had a significantly decreased 
opioid requirement while inpatient, and length of stay was 
decreased from 5 to 3 days in the INC group (14). In a 
small study by Rettig et al. same-day discharge was possible 
for 66.7% of patients who underwent a combination 
of INC and intercostal nerve block (15). This modality 
certainly shows promise, though Sun et al. noted an 
increased rate of slipped bars requiring reoperation among 
patients undergoing INC [OR 36.65 (5.04–266.39)] (16). 
Disadvantages of this technique include the significant 
expense and need for training associated with the use of this 
specialized equipment.

The protocol we have implemented incorporates existing 
evidence-based strategies for postoperative pain control and 
early recovery, augmented by the addition of the use of LB 
for longer-lasting local analgesia in the perioperative period, 
which has a duration of 1–4 days (25). In addition to early 
mobilization and elimination of urinary catheter placement, 
a major tenet of our protocol is to address pain in the 
preoperative, intraoperative, and postoperative phases. 

Preoperative administration of gabapentin (26) and 
anti-inflammatories have been shown to decrease the 
inflammatory response to surgery and the need for 
postoperative opioid medication. Multimodal preemptive 

analgesia has been shown to decrease hyperalgesia and 
peripheral and central pain sensitization, particularly 
in combination with a continued multimodal pain 
strategy postoperatively (27). For this reason, we treat 
patients preoperatively with single doses of gabapentin, 
acetaminophen, and celecoxib.

Bilateral intercostal blocks are performed by the surgeon 
as soon as the thoracoscope is inserted. This provides local 
analgesia similar to that seen with paravertebral blocks 
or cryoablation, but is a technique readily learned and 
performed by surgeons and does not require specialized 
equipment. The addition of this step did not significantly 
increase operative time among our patients. Intercostal 
block with standard bupivacaine has previously been shown 
to decrease opioid consumption in pediatric patients 
undergoing the Nuss procedure (12). Compared to standard 
bupivacaine, rib block with LB has been shown in the adult 
population to decrease opioid administration and length of 
stay following thoracoscopic surgery when used as part of 
a multimodal early recovery program, with decreased pain 
scores on postoperative days 0–2 (28) and 0–3 (29). Findings 
on the use of LB for intercostal blocks outside the context 
of a multimodal protocol in adult thoracic surgery patients 
are mixed, with a recent small clinical trial reporting no 
difference in pain control and opioid use between cohorts 
undergoing rib block with LB compared to bupivacaine 
with epinephrine (30). Studies have shown decreased opioid 
consumption with the utilization of LB in pediatric spine 
surgery (31,32), but little has been previously published 
about the use of LB in adolescents undergoing thoracic 
surgery. Though interpretation is limited greatly by the 
small size of the transition cohort, pain control appeared to 
be similar between the transition (ERP using bupivacaine 
with epinephrine) and post-intervention (ERP using LB) 
cohorts. This, as well as the multimodal nature of the 
intervention, makes it difficult to conclude that the addition 
of LB alone is responsible for the significant decrease in 
opioid consumption in this study, but is more likely one of 

Table 4 Operative time and post-operative length of stay in pre-intervention, roll-out and post-intervention cohorts

Clinical parameter
Pre-intervention cohort 

(n=15)
Transition cohort  

(n=4)
Post-intervention cohort 

(n=13)
P value

Post-operative LOS (days) 
median [IQR]

4 [3, 5] 3 [3, 4.5] 3 [2.5, 3] 0.002

Length of case (hours intubated 
intra-operatively) mean (SD)

3.5 (0.6) 3.5 (0.9) 3.5 (0.4) 0.9

LOS, length of stay, n, number of patients; IQR, interquartile range; SD, standard deviation.
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several factors contributing to this outcome.
Postoperatively, patients in the post-intervention cohort 

received as-needed oral oxycodone, but opioid requirements 
were significantly lower than those in patients who were 
given a PCA, without a difference in pain scores. While 
decreased opioid use in the postoperative phase is likely 
multifactorial and much can be attributed to improved pain 
control from the pre- and intra-operative interventions, the 
change from routine PCA use to as-needed oral opiates may 
also be an important factor. Logan and Rose demonstrated 
that PCA use and pain scores were significantly higher in 
adolescent patients who reported preoperative anxiety and 
high expected levels of postoperative pain (33). Similarly, 
Schlatter et al. achieved a significant decrease in postoperative 
length of stay by implementing a protocol incorporating 
intercostal nerve blocks, scheduled oral analgesia, and pre-
operative consultation aimed at patient education about 
anxiety and expectations for pain control (34). The healthcare 
team and parents may additionally contribute to PCA overuse 
by encouraging the child to “stay ahead of the pain”, leading 
to self-dosing at a more frequent interval than is actually 
needed. By removing the option to frequently self-dose, 
restricting access to opioid medication to as-needed dosing 
every 6 hours may decrease the misuse of this medication to 
treat patient or family anxiety or anticipatory pain. 

Adjunct measures to support early recovery included 
early ambulation (out of bed with Physical Therapy on 
postoperative day 1) and elimination of routine Foley 
catheter placement. Based on experience with the adult 
Thoracic Surgery ERAS program at our institution, we 
found routine urinary catheter placement was not necessary. 
Though the mobilization protocol was consistent between 
all groups, improved pain control and lack of a urinary 
catheter may contribute to increased early mobility and 
decreased length of stay.

Limitations of this study included the small cohort 
sizes, retrospective nature of the comparison group and 
that it was conducted at a single institution. As the study 
included a retrospective pre-intervention group, there was 
some variability in the exact medications administered 
in this group (fentanyl vs. hydromorphone, occasional 
cyclobenzaprine). Uniformity of medication administration 
was greatly improved in the post-intervention cohort once 
the protocol was put in place. It is important to note that 
multiple interventions were put into place at once with 
the implementation of the protocol. This limits our ability 
to determine the impact of individual elements within 
the protocol (for example, introducing rib blocks versus 

replacement of PCA analgesia with oral opioids) on the 
outcomes observed. Despite the size of the single institution 
cohorts, we could see a statistically and clinically significant 
impact of our intervention on opioid administration. 

Conclusions

A significant decrease in opioid use and hospital length 
of stay after the Nuss procedure were achieved by the 
implementation of a multi-modal protocol including LB 
for rib blocks for pain management, without an increase 
in patient-reported pain scores. The procedural rib block 
and post-operative pain management protocol described in 
this investigation are straightforward and could be easily 
implemented at other institutions.
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