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Abstract

Introduction: Minimally invasive repair of pectus excavatum (Nuss procedure) is associated 

with significant pain, and efforts to control pain impact resource utilization. Bilateral thoracic 

intercostal nerve cryoablation has been proposed as a novel technique to improve post-operative 

pain control, though the impact on hospital cost is unknown.

Methods: We conducted a retrospective study of patients undergoing a Nuss procedure from 

2016 to 2019. Patients who received cryoablation were compared to those that received traditional 

pain control (patient-controlled analgesia or epidural). Outcome variables included postoperative 

opioid usage (milligram morphine equivalents, MME), length of stay (LOS), and hospital cost.

Results: 35 of 73 patients studied (48%) received intercostal nerve cryoablation. LOS (1.0 vs 

4.0 days, p<0.01) and total hospital cost ($21,924 versus $23,694, p=0.04) were decreased in 

the cryoablation cohort, despite longer operative time (152 vs 74 minutes, p<0.01). Cryoablation 

was associated with decreased opioid usage (15.0 versus 148.6 MME, p<0.01) during the 24 

hours following surgery and this persisted over the entire postoperative period, including discharge 

opioid prescription (112.5 vs 300.0 MME, p<0.01).
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Conclusion: Bilateral intercostal nerve cryoablation is associated with decreased postoperative 

opioid usage and decreased resource utilization in pediatric patients undergoing a minimally 

invasive Nuss procedure for pectus excavatum.
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pediatric

1. Introduction

Repair of pectus excavatum with a minimally invasive Nuss procedure is associated with 

significant postoperative pain despite improved perioperative morbidity compared to the 

traditional open procedure (Ravitch procedure) [1, 2]. Multiple approaches to perioperative 

pain control have been utilized, including thoracic epidurals, patient-controlled analgesia 

(PCA), and various peripheral nerve blocks using local anesthetics [3, 4]. All of these 

techniques are associated with significant opioid utilization and a typical length of stay 

(LOS) of 4 to 5 days [1, 5].

Thoracoscopic-assisted bilateral intercostal nerve cryoablation has been gaining popularity 

as a technique to control perioperative pain in pediatric patients undergoing repair of pectus 

excavatum and is associated with decreased opioid utilization and reduced length of stay 

[6–8]. Despite improved perioperative pain control, intercostal nerve cryoablation requires 

additional capital equipment, disposable supplies, and longer operative time to perform 

[8–10]. Given the complex impact of intraoperative bilateral intercostal nerve cryoablation 

on costs—reducing opioid use and hospital stay while increasing other components of cost 

(longer operative time, supplies)—the fiscal implications for hospital systems has yet to be 

determined.

Most studies of hospital cost utilize surrogate measures such as charges, cost-to-charge 

ratios, and reimbursements. To better capture the hospital cost of patients undergoing repair 

of pectus excavatum, we utilized an institutional accounting dataset that includes actual 

hospital financial data capturing the supplies, labor, equipment, and facilities associated with 

each admission and procedure. This better reflects the cost to the hospital system than most 

surrogate metrics such as reimbursements or charges, which may be influenced by patient or 

insurance factors [11].

This study sought to compare the index hospital cost of pediatric patients undergoing a 

minimally invasive Nuss procedure for pectus excavatum with bilateral thoracic intercostal 

nerve cryoablation to those receiving traditional pain control strategies (PCA or epidural) 

at an academic medical center. In addition, we analyzed other metrics that have been 

previously described in this patient population (LOS, pain scores, and opioid utilization) in 

order to provide a more complete assessment of resource utilization.
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2. Methods

Pediatric patients that underwent a minimally invasive Nuss procedure for pectus excavatum 

at a single institution from July 2016 to September 2019 were identified by Current 

Procedural Terminology (CPT) code corresponding to repair of pectus excavatum within the 

electronic medical record (Epic Clarity, Epic Systems Corporation, Verona, WI). Inclusion 

criteria included all pediatric patients (<18 years of age) undergoing a minimally invasive 

Nuss procedure. Exclusion criteria included patients undergoing re-operative procedures. 

This study was approved by the University of Wisconsin Health Sciences IRB.

Cost data representing actual hospital costs were extracted from the institutional Legacy 

Data Warehouse (Epic Systems Corporation, Verona, WI). These data are obtained from 

hospital accounting algorithms and are regularly updated as information regarding quarterly 

cost data are incorporated (construction, facility costs, etc.). Data from these sources were 

merged using two patient identifiers to create the final dataset for analysis. Individual 

components of hospital cost (direct variable cost, direct fixed cost, indirect variable cost, 

and indirect fixed cost) were also obtained to provide more granular cost data [12]. 

Direct variable cost includes items immediately associated with patient care (consumables, 

medications). Direct fixed costs include capital equipment and labor associated directly with 

patients that do not change with hospital volume. Indirect variable cost includes overhead 

costs that change with hospital volume (electricity, laundry). Finally, indirect fixed costs 

include facility costs that do not depend on volume (maintenance). Costs were adjusted 

for medical price inflation using the Producer Price Index (PPI) for hospital inpatient care 

provided by the Bureau of Labor Statistics and are reported in 2018 dollars [13, 14].

Analgesic variables including postoperative inpatient opioid usage, uncontrolled 

postoperative pain, discharge opioid prescription, and opioid refills were collected by 

automated data abstraction and subsequently validated by manual chart review. Opioid usage 

was normalized to oral morphine milligram equivalents (MME) [15]. Severe postoperative 

pain was defined as reporting a 9 or a 10 on the Numeric Rating Scale (NRS), which has 

been validated for children 8 years and older [16]. Patients requiring a refill were defined as 

patients receiving a new opioid prescription within 30 days of discharge.

Patients receiving intraoperative bilateral thoracic intercostal nerve cryoablation were 

compared to patients that received a standardized pain control regimen without cryoablation. 

Prior to June 2018, all patients undergoing minimally invasive pectus repair were managed 

with a postoperative pain control strategy based upon either thoracic epidural or patient­

controlled analgesia (PCA) in addition to a standardized medical regimen that was 

developed in collaboration with the Pediatric Acute Pain Service, consisting of scheduled 

acetaminophen and non-steroidal anti-inflammatory drugs (ketorolac or ibuprofen), rescue 

IV opioids as needed and diazepam as needed for muscle spasms. Intraoperative bilateral 

thoracic cryoablation was utilized starting in June 2018, and all subsequent pediatric patients 

underwent intraoperative bilateral intercostal nerve cryoablation as previously described [6, 

9]. All procedures were performed by three fellowship-trained pediatric surgeons already 

experienced with minimal invasive pectus repair prior to the introduction of intercostal nerve 

cryoablation.
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In our cohort, after placement of a double lumen endotracheal tube for sequential single 

lung isolation and thoracoscopic identification of intercostal nerves, patients underwent 

bilateral thoracic intercostal nerve cryoablation from T3-T7 consisting of a 2-minute 

freeze of each nerve to −60°C followed by a 10 second rewarming process. Since the 

cryoablation does not reach maximal analgesic effect until approximately 24 hours later, 

bilateral thoracoscopic assisted injection of 3–5 mL of 0.5% bupivacaine within the T3-T7 

intercostal spaces was also performed. Pediatric patients who underwent bilateral thoracic 

intercostal nerve cryoablation followed a perioperative pain control protocol (Figure 1) 

developed in conjunction with our Pediatric Acute Pain Service, consisting of a single 

pre-operative dose of pregabalin, IV methadone prior to incision, IV or oral opiates, 

non-steroidal anti-inflammatory drugs, acetaminophen, and diazepam as needed for muscle 

spasms postoperatively.

Demographics, pre-operative clinical characteristics, and postoperative outcomes were 

compared between patients that received intercostal nerve cryoablation and those that did 

not. Mann-Whitney U test and chi-square test were used where appropriate for bivariate 

outcomes. All statistical analyses were performed in SAS 9.4 (SAS Institute Inc, Cary, NC).

3. Results

73 pediatric patients met eligibility criteria for this study, of which 35 underwent 

intraoperative bilateral intercostal nerve cryoablation during a minimally invasive Nuss 

procedure. The groups were similar in terms of patient age, gender, race, American Society 

of Anesthesiologist’s (ASA) class, or body mass index (BMI). In the pre-cryoablation 

cohort, 6 patients received thoracic epidural and 32 patients received PCA (Table 1).

Bilateral intercostal nerve cryoablation was associated with lower total hospital cost 

($21,924 versus $23,694, p=0.04, Table 2) despite an overall longer operative time (152 

versus 74 minutes, p<0.01). Of note, operative time in the cryoablation group decreased 

over time as experience with the cryoablation technique was acquired (p=0.01, Figure 2). 

The length of stay was significantly lower in the cryoablation cohort (1.0 versus 4.0 days, 

p<0.01). Among the individual components of total cost, the largest differences in cost were 

observed in direct variable cost ($9,690 versus $10,711, p=0.06) and indirect fixed cost 

($8,341 versus $9,775, p<0.01). There was no significant difference in readmission rates 

between cohorts (p=0.17).

Patients undergoing bilateral intercostal nerve cryoablation had significantly lower opioid 

usage during the first 24-hour (15.0 versus 148.6 MME, p<0.01, Table 3) and 24 to 48-hour 

(7.5 versus 115.6 MME, P<0.01) interval following surgery. Cryoablation was associated 

with lower total opioid consumption during the entire hospital stay (22.5 versus 410.8 MME, 

p<0.01). Despite lower opioid utilization, the fraction of patients reporting severe pain was 

lower in the cryoablation cohort for the first 24 hours (0.0% versus 29.0%, p<0.01) and total 

hospital stay (5.7% versus 42.1%, p<0.01). At discharge, patients undergoing cryoablation 

were given lower opioid prescriptions compared to patients not undergoing cryoablation 

(112.5 versus 300.0 MME, p<0.01). There was no difference in the fraction of patients 

requiring an opioid refill between groups (22.9% vs 29.0%, p=0.55). Two patients (5.7%) in 
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the cryoablation cohort reported neuralgia at the time of discharge and required outpatient 

gabapentin use which was discontinued in both patients by 6 weeks.

4. Discussion

The findings in this study quantify the hospital cost savings associated with bilateral thoracic 

intercostal nerve cryoablation during a minimally invasive Nuss procedure to repair pectus 

excavatum. Bilateral intercostal nerve cryoablation was associated with reduced cost relative 

to non-cryoablation cases despite a longer operative time and additional surgical device 

cost. This can be attributed in part to a significant reduction in LOS (3 days) between 

groups, which has been demonstrated previously [7, 8, 10]. We also observed similar 

reductions in inpatient opioid requirement and discharge opioid prescriptions [6]. Overall, 

our findings demonstrate that the cost reductions associated with bilateral intercostal nerve 

cryoablation are greater than the additional costs incurred with this new technique. While 

the improvement in pain control and opioid use should be the primary factor driving 

the adoption of intercostal nerve cryoablation during a minimally invasive pectus repair, 

our data suggests that this improvement does not incur increased costs for the hospital 

system. This information has implications for both hospital-level decision making and for 

negotiations with insurance providers regarding coverage and reimbursement for intercostal 

nerve cryoablation.

The hospital cost reduction associated with intercostal thoracic nerve cryoablation is driven 

by multiple factors and the components of this difference provide useful information 

regarding the importance of each factor. Indirect fixed costs (commonly thought of as 

“hospital overhead”) were the largest contributor to the cost reduction. This accounting 

category reflects static facility costs (building maintenance, construction) which are largely 

driven by LOS, suggesting that this factor contributed the most to the observed cost 

reduction. Direct variable costs were the second largest contributor to the cost reduction, 

and these costs include intraoperative supplies (including the single use cryoablation probe), 

some labor costs, and postoperative analgesic medications. Our data suggest that the 

reduction in postoperative analgesic medications and labor related to patient care was more 

important than the cost associated with additional operative supplies. Direct fixed costs 

include the cost of capital equipment, and these costs were similar in both cohorts. This 

suggests that the increased cost of capital equipment needed to perform bilateral thoracic 

nerve intercostal cryoablation did not contribute significantly to the cost associated on a 

per-patient basis.

While a cost data analysis for the use of cryoablation during a minimally invasive Nuss 

procedure has not been previously reported in this pediatric patient population, prior 

published studies have reported information regarding opioid utilization. We observed a 

90% reduction in opioid utilization during the first 24 hours and a 95% reduction in opioid 

use over the entire hospital stay. A similar recent study demonstrated a 52% reduction 

in opioid use during the first 24 hours and a 61% reduction over the entire stay [7]. 

Reductions in opioid use over the first 24 hours compared to previous studies are likely 

due in part to intercostal nerve blocks with bupivacaine, which can serve as a bridge to 

the onset of cryoanalgesia. Our observed reduction in discharge opioid prescription (63%) 
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was higher compared to another recent study (32%) [6]. As part of a multimodal analgesic 

protocol (Figure 1), these interventions result in profound opioid sparing over the entire 

postoperative period in an adolescent population that is particularly vulnerable to negative 

consequences of medical opioid use [17, 18]. While our non-cryoablation cohort included 

patients receiving both thoracic epidural and PCA (unlike these previous studies, which only 

included epidural patients), these data add further evidence to the improved postoperative 

pain control provided by bilateral thoracic nerve intercostal cryoablation compared to 

traditional pain control methods.

There are important limitations to consider in the present study. It is a retrospective single 

institution study, which limits generalizability and introduces the potential for selection 

bias and cohort imbalance in both measured and unmeasured confounders. However, all 

consecutive patients received cryoablation once it was introduced, reducing the chance for 

selection bias. It is also possible that other aspects of the cryoablation protocol, such as 

pre-operative pregabalin and intercostal nerve blocks with bupivacaine, contributed to the 

overall decreased opioid use. However, the persistent opioid reduction beyond the first 24 

hours suggests that these factors were not solely responsible for the overall opioid reduction. 

Finally, it is also possible that the introduction of cryoablation led to differences in opioid 

prescribing unrelated to the efficacy of the intervention (novelty bias) [19].

5. Conclusions

This study provides a detailed cost analysis of bilateral intercostal nerve cryoablation in 

pediatric patients undergoing a minimally invasive Nuss procedure for repair of pectus 

excavatum in our hospital system. We found that intercostal thoracic nerve cryoablation is 

associated with decreased costs relative to traditional pain control methods, in addition 

to confirming the reduction in opioid use and hospital length of stay that has been 

reported previously. This information should be used to support the continued adoption 

of thoracoscopic assisted bilateral intercostal nerve cryoablation as an effective and fiscally 

responsible method of pain control during a minimally invasive Nuss procedure for pectus 

excavatum.
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7.

ASA American Society of Anesthesiologists

BMI body mass index

CPT current procedural terminology

LOS length of stay
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MME milligram morphine equivalents

NRS numeric rating scale

PCA patient controlled anesthesia

PPI producer price index
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Figure 1: 
Multi-disciplinary perioperative pain management protocol.
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Figure 2. 
Operative length over time after adoption of intercostal nerve cryoablation at a pediatric 

tertiary care center.
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Table 1:

Demographic factors in cryoablation and non-cryoablation cases

No Cryoablation (N=38) Cryoablation (N=35)

n Summary n Summary

Age 38 15.0 (14.0–16.0) 35 15.0 (14.0–17.0)

Sex 38 35

. Male 33 (86.8) 31 (88.6)

. Female 5 (13.2) 4 (11.4)

Race 38 35

. Caucasian 34 (89.5) 30 (85.7)

. Hispanic/Latino 4 (10.5) 5 (14.3)

ASA Class 38 35

. Class 1 10 (26.3) 13 (37.1)

. Class 2 27 (71.1) 22 (62.9)

. Class 3 1 (2.6) 0 (0.0)

. Class 4 0 (0.0) 0 (0.0)

Body Mass Index 38 19.6 (17.7–21.6) 35 20.0 (18.2–21.0)

Epidural 38 35

. Yes 6 (15.8) 0 (0.0)

. No 32 (84.2) 35 (100.0)

Values presented as Median (Interquartile Range) or N (column %).

ASA = American Society of Anesthesiologists

p-values: m= Mann-Whitney U test c=Pearson's chi-square test.
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Table 2:

Resource utilization and clinical outcomes in cryoablation and non-cryoablation cases

No Cryoablation (N=38) Cryoablation (N=35)

n Summary n Summary p-value

Cost Components ($) 38 35

. Direct Fixed Cost 828 (734–946) 572 (468–722)
<0.01

m

. Indirect Fixed Cost 9,775 (8,298–11,746) 8,341 (6,844–9,374)
<0.01

m

. Direct Variable Cost 10,711 (9,368–13,701) 9,690 (9,071–11,435)
0.06

m

. Indirect Variable Cost 2,137 (1,940–2,939) 2,414 (1,957–2,697)
0.67

m

. Total Cost 23,694 (20,808–29,810) 21,924 (18,374–24,554)
0.04

m

Operative Time (minutes) 38 74 (65–95) 35 152 (136–179)
<0.01

m

Length of Stay (days) 38 4 (3–5) 35 1 (1–2)
<0.01

m

Readmission 38 2 (5.3) 35 0 (0.0)
0.17

c

Values presented as median, (interquartile range) or N (column %)

p-values:

m
= Mann-Whitney U test

c
=Pearson’s chi-square test.
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Table 3:

Analgesic utilization for cryoablation and non-cryoablation cases

No Cryoablation (N=38) Cryoablation (N=35)

n Summary n Summary p-value

Opioid Use (MME) 38 35

. Perioperative 57.5 (41.7–75.5) 47.5 (29.2–68.3)
0.10

m

. 0–24 hr. 148.6 (98.5–203.2) 15.0 (8.4–37.5)
<0.01

m

. 24–48 hr. 115.6 (87.9–192.4) 7.5 (0.0–30.0)
<0.01

m

. Total Admission 410.8 (331.8–605.3) 22.5 (7.5–67.5)
<0.01

m

Uncontrolled Pain Reported

. 0–24 hr. 38 11 (29.0) 35 0 (0.0)
<0.01

c

. 24–48 hr. 38 3 (7.9) 25 2 (8.0)
0.99

c

. Total 38 16 (42.1) 35 2 (5.7)
<0.01

c

Opioid Prescription (MME) 38 300.0 (187.5–375.0) 31 112.5 (90.0–150.0)
<0.01

m

Opioid Refill Required (N) 38 11 (29.0) 38 8 (22.9)
0.55

c

Values presented as Median (Interquartile Range) or N (column %).

MME = morphine milligram equivalents

p-values:

m
= Mann-Whitney U test

c
=Pearson’s chi-square test.
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