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Purpose: Pectus excavatum repair using the Nuss procedure is associated with significant postoperative opioid consumption even in 
the presence of a continuous thoracic paravertebral block.
Patients and Methods: A CQI project was initiated by adding combined glucocorticoids as perineural adjuvants to continuous 
thoracic paravertebral block. An electronic health record review of patients undergoing Nuss procedures by a single surgeon at a major 
academic children's hospital from June 2013 to December 2021 was performed with no patients excluded. The patients received pre- 
incision continuous bilateral T4 paravertebral blocks preoperatively either with plain ropivacaine (standard group, N = 34) or with 
a combination of dexamethasone sodium phosphate (DXP) and methylprednisolone acetate (MPA) in addition to ropivacaine 
(experimental group, N = 10). The primary outcome studied was postoperative opioid consumption measured by oral morphine 
milligram equivalents (MME).
Results: A total of 44 patients were included in the final analysis. The experimental group had 72% lower postoperative opioid usage 
than the standard group during the hospitalization (p < 0.001) with comparable pain scores and hospital length of stay and no increase 
in wound dehiscence or other complications.
Conclusion: The addition of dexamethasone sodium phosphate and methylprednisolone acetate to continuous paravertebral blocks 
significantly decreased postoperative opioid consumption while maintaining comfort pain scores.
Keywords: Nuss procedure, paravertebral, dexamethasone, methylprednisolone acetate

Introduction
Pectus excavatum, an abnormal concavity of the chest wall, may be surgically corrected in adolescents with the Nuss 
procedure. A recent survey of academic children’s hospitals in the United States showed that there is no consensus on 
how to effectively manage the significant postoperative pain associated with the Nuss procedure.1 Several regional 
anesthetic techniques have been explored, including continuous thoracic epidural analgesia (EA), continuous thoracic 
paravertebral nerve block (TPVB), and continuous erector spinae plane block (ESPB).2 Epidural analgesia appears to 
provide the best pain relief, but it carries the risk of failed block, upper extremity neurologic deficits, hemodynamic 
instability, and increased hospital length of stay.1,3 Continuous TPVB and ESPB with local anesthetics represent 
alternatives to EA but are thought to be suboptimal in terms of analgesic effects.1,4
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Nonparticulate dexamethasone sodium phosphate (DXP) and particulate methylprednisolone acetate (MPA) are 
commonly used to prolong single injection neuraxial and peripheral nerve blocks.5,6 Previous studies by this group showed 
that a single dose of perineural DXP and MPA before the threading of nerve block catheters decreased the requirement of 
local anesthetics without changes in pain scores or opioid consumption in lower extremity fascia plane blocks.7 In addition, 
as compared to perineural DXP alone, the addition of MPA to DXP further decreases postoperative opioid consumption in 
knee surgery.5 Utilizing a single surgeon’s historical data over 8 years, this current study examined retrospectively whether 
the addition of a single dose of DXP and MPA via TPVB improved the quality of analgesia from the TPVB in pediatric Nuss 
procedure. The specific aim is to investigate the effects of perineural DXP and MPA combination on the analgesic quality of 
paravertebral blocks measured by opioid-reducing effect. The working hypothesis was that patients who received the 
glucocorticoid adjuncts DXP and MPA would have reduced in-hospital opioid usage as compared to those without. The 
primary outcome studied was postoperative total opioid consumption over the course of the entire hospitalization.8 

Secondary outcomes included patient-reported visual analogue scale (VAS) pain scores on a numeric rating scale from 0 
to 10, antiemetics usage, length of hospital stay, time between patient discharge and first physical therapy session, and 90- 
day complications including rates of re-operation, emergency room visit or hospital readmission.

Materials and Methods
Data Source / Patient Population
Yale University institutional review board exempt data extraction was performed from the electronic medical record at an 
academic children’s hospital for patients who underwent Nuss Bar surgery by the same surgeon (MGC) from June 2013 to 
December 2021. Data extracted included the Haller index (a measure of the degree of concavity of the chest wall), age, sex, 
body mass index (BMI), operative duration, total postoperative opioid usage over the course of the hospitalization reported 
in morphine milligram equivalents (MME), administration of antiemetics, patient-reported VAS pain score, time between 
patient discharge and first physical therapy session (a marker of patient’s ability to exercise during recovery), 90 days re- 
operation and emergency room visits. Also recorded were serum glucose values for the patients who had them taken.

Standard group patients (N = 34) received continuous bilateral T4 TPVB without any glucocorticoid adjuncts placed 
preoperatively, while the experimental group (N = 10) patients received one-time perineural DXP and MPA glucocorti-
coid combination in TPVB right before the continuous TPVB catheters were placed preoperatively. In addition to the 
TPVB, a small percentage of patients in both the standard group (N = 2) and the intervention group (N = 6) received 
additional bilateral T4 single-shot ESP blocks. The patients in the glucocorticoid group were primarily patients having 
surgery between late 2019 and 2021, during which a perineural glucocorticoids protocol was in place in the study 
institute. There were no other additional changes in pain management protocol for patients in the study duration.

Ultrasound-Guided Bilateral TPVB and ESPB Techniques
TPVBs were placed in a preoperative procedure room with patients placed in either a sitting or prone position after 
standard American Society of Anesthesiologists (ASA) monitors were placed and were sedated with 2mg midazolam and 
100 μg Fentanyl intravenously. The T4-T5 paravertebral space on one side was identified using a curvilinear, low- 
frequency ultrasound probe (Sonosite X-Porte, Bothell, WA, USA) in the paramedian sagittal orientation. Using sterile 
technique and skin infiltration with 0.5 mL 1% lidocaine local anesthetic, a short bevel insulated nerve block needle 
(Contiplex® Tuohy, 18G, 4-inch, B. Braun Medical USA, Bethlehem, PA, USA) was advanced in-plane under direct 
visualization until it reached the target paravertebral space. Then, a weight-based bolus dose of local anesthetic (usually 
0.2% ropivacaine) was injected into the space. If glucocorticoids (5 mg DXP and 40 mg MPA) were administered, they 
were mixed with the bolus local anesthetic before injection. A catheter (Perifix® catheter, 20G, B. Braun Medical USA, 
Bethlehem, PA, USA) was then threaded into the paravertebral space. The same was repeated on the contralateral side.

Eight of the 44 patients received a single-shot, bilateral ESPB in addition to the PVB bolus and catheter placement. For 
these patients, the same curvilinear, low-frequency ultrasound probe was placed in a paramedian sagittal orientation at T4-T5 
interspace, the transverse process with the overlying erector spinae muscle was identified. A weight-based bolus dose with 
local anesthetics, as well as 2.5 mg DXP and 20 mg MPA, was given once needle contact was made with the transverse 
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process. The provider then proceeded to paravertebral catheter placement as described above. The same was repeated on the 
contralateral side.

Upon arrival in the operating room, general anesthesia was induced in both groups with intravenous fentanyl 3 μg/kg, 
propofol 2.5 mg/kg, and rocuronium 0.6 mg/kg. After tracheal intubation, general anesthesia was maintained with 
sevoflurane at 1–1.5 MAC in both groups, with intermittent fentanyl and morphine in response to surgical stimulation. 
All patients received glycopyrrolate and neostigmine reversing neuromuscular blockade before extubation.

Once in the post-anesthesia care unit (PACU), a continuous infusion was started for each TPVB catheter at 0.2% 
ropivacaine at 5 mL/hr. Patients were placed on multimodal analgesia with acetaminophen, diazepam, gabapentin, and 
ketorolac (ketorolac only if approved by the surgical team). Patients with more tolerable pain received oxycodone by 
mouth at a dose of 5–10 mg every 3 hours (q3h) as needed with morphine IV 30 mcg/kg q3h for breakthrough pain. 
Patients with greater pain received morphine patient-control analgesia (PCA) pumps with 20 mcg/kg dose with a 10- 
minute lockout. The acute pain service evaluated the paravertebral catheters every day and gave 5 mL bolus doses of 
0.2% ropivacaine if needed, in addition to the continuous infusion dose of 0.2% ropivacaine captured in the electronic 
record. The paravertebral catheters were typically removed on postoperative day four.

Statistical Analysis
Statistical analysis analyses were performed using bivariate and adjusted group-level comparisons. Quantitative variables 
(eg, Haller Index, BMI, age, and surgery duration) were compared between the study groups (ie, patients receiving 
glucocorticoids and patients not receiving glucocorticoids) using Welch’s unequal variance t-test. Comparisons of 
categorical variables (eg, sex) were performed using chi-square tests or two-sided Fisher’s Exact tests. Formal compar-
isons between the two study groups were made by adjusting for potential confounding factors.

All outcomes, except for total hospital MME consumption, were analyzed using linear regression and incorporated 
robust (sandwich) standard error estimates. For total hospital MME consumption, we performed linear regression on the 
logarithm transformation of the outcome and back transformed the estimates to interpret geometric mean estimates. All 
statistical tests and confidence intervals are two-sided. Serum glucose values were recorded sparingly so no formal 
statistical analysis was performed with regard to them.

Results
The study population was a relatively homogenous group of adolescents, with the standard and experimental groups 
displaying no significant difference in the recorded baseline characteristics of Haller index, age, sex, BMI, ASA physical 
status and surgery duration (Table 1).

Regression analysis showed that the primary outcome of postoperative opioid consumption in the experimental group 
with glucocorticoids was statistically lower than that in standard group (Figure 1).

Table 1 Baseline Characteristics of Study Subjects

Characteristic Standard Group Without  
DXP/MPA (N=34)

Experimental Group with  
DXP/MPA (N=10)

P-value

Haller Index*, mean (SD) 4.3 (1.6) 4.7 (1.7) 0.54

Age* (years), mean (SD) 16.0 (3.7) 16.4 (2.1) 0.69

Sex* (Female %) 1 (3%) 1 (10%) 0.41

Body Mass Index* (kg/m2), mean (SD) 18.9 (2.8) 19.4 (3.0) 0.62

ASA physical status 1.80 2.03 0.17

Duration of surgery* (hrs), mean (SD) 2.3 (1.2) 2.8 (1.1) 0.22

Notes: *: covariates used in adjustment in statistical analysis between standard and experimental group.Abbreviations: DXP, dexamethasone 
sodium phosphate; MPA, methylprednisolone acetate; ASA, American Society of Anesthesiologists.
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Adjustments were made for age, sex, BMI, Haller index, and duration of surgery as covariates. Those that received 
the experimental block had a geometric mean total hospitalization MME that was 72% lower than the patients that 
received the standard block, a highly statistically significant result (P-value < 0.001). The 95% confidence interval 
suggests that patients that received the experimental block might have a lower geometric mean (43% to 86% lower than 
the standard block therapy) (Table 2).

The significant reduction in postoperative opioid consumption did not appear to affect patient’s self-reported 
minimum, average or maximum pain levels (Table 2). Additionally, the days from discharge to first physical therapy 

Figure 1 Scatter plot of the total hospitalization morphine milligram equivalent (MME) adjusted for baseline characteristics after adjustment for average age, Haller Index, 
body mass index (BMI), duration of surgery and proportion of females for each of the two treatment groups.

Table 2 Perioperative and Postoperative Outcomes

Factor Standard Group 
Without DXP/MPA (N=34)

Experimental Group 
with DXP/MPA (N=10)

P value

GM ratio (GM [Total MME in Experimental group] /  

GM [Total MME in Standard group])

0.28, 95% CI: 0.14 to 0.57 p < 0.001

Minimum pain score 1.81 /10 2.08 /10 0.341

Average pain score 4.47 /10 3.90 /10 0.508

Maximum pain score 6.74 /10 6.17 /10 0.457

Anti-nausea medication administered over 

hospitalization (number of times)

2.56 3.10 0.621

Wound infection or delayed wound healing 0 0

(Continued)
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session were not found to be statistically significant nor was there a significant difference in patient’s post-operative 
return to the operating room (OR) and emergency room (ER). Antiemetic administration was comparable between the 
experimental and standard groups.

Serum glucose levels were inconsistently obtained in the patients likely due to low concern for the laboratory value 
preoperatively or postoperatively (Table 3). Only 7 patients had both pre-operative and post-operative glucose values. Of 
these, only 3 patients had higher postoperative values and they all belonged to the non-steroid group.

Discussion
This single-center single-surgeon historical retrospective cohort study showed a significant reduction in opioid usage 
with comparable pain scores in patients who received the bilateral continuous TPVB with MPA and DXP versus those 
who did not. The study also showed that the inclusion of DXP and MPA into peripheral nerve blocks was not associated 
with any detectable adverse events such as hyperglycemia, delayed wound healing, increase in hospital length of stay, 
a return to the ER or OR, or a delay on the initiation of outpatient physical therapy. As far as we know, this is the first 
contribution to the literature assessing the impacts of glucocorticoids on continuous TPVB for pediatric Nuss procedure.

Glucocorticoids such as DXP and MPA are commonly used as local anesthetic adjuvants in single injection epidural 
injections and peripheral nerve blocks for chronic pain management. The mechanism is multi-factorial including direct 
effects on nerves that result in the downregulation of inflammatory mediators and indirect effects through systemic 
absorption. The study provides insight into the use of particulate glucocorticoids in peripheral nerve blocks (PNB) 
outside of chronic pain management into perioperative acute pain management. DXP has been shown to increase the 
duration of analgesia from a bolus dose by approximately 4–6 hours.9 Particulate glucocorticoids like MPA are thought to 
provide a slow-onset but long-acting depot of glucocorticoid at the target nerve.10,11 Unfortunately, this study cannot 
comment on the additive effect of particulate glucocorticoids as there was no comparison between patients who received 
particulate glucocorticoids versus those that just received the more commonly used non-particulate glucocorticoids like 
DXP. We started this CQI project based on previous success by this group using combined non-particulate and particulate 
glucocorticoids (which decrease local anesthetic requirement through continuous nerve block catheters, pain scores and 

Table 2 (Continued). 

Factor Standard Group 
Without DXP/MPA (N=34)

Experimental Group 
with DXP/MPA (N=10)

P value

Length of hospital stay (hours) 101.0 109.6 0.8287

Duration between discharge and date of first attended 

physical therapy session (days)

38.96 36 0.36

Number of related readmissions to OR within 90 days 

of surgery

4 (0.125) 1 (0.1) 0.412

Abbreviations: GM, geometric mean; MME, milligram morphine equivalent; OR, operating room; DXP, dexamethasone sodium phosphate; MPA, methylprednisolone 
acetate. Reported results adjusted with age, sex, Haller index, body mass index and duration of surgery.

Table 3 Serum Glucose Values

Standard Group 
Without DXP/MPA 

(N=34)

Experimental Group 
with DXP/MPA 

(N=10)

Median baseline fasting serum glucose 104.5 (N=18) 93.5 (N=6)

Median post-operative day 1 fasting serum glucose 86 (N=5) 115 (N=3)

Percentage of patients with fasting serum glucose higher on postoperative day 1 than 

baseline

3/4 0/3
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opioid consumption for 48–72 hours)5,7,12 rather than non-particulate glucocorticoids alone (which prolong nerve blocks 
for only a fraction of a single day).13 However, the apparent safety of particulate glucocorticoids in this population gives 
promise for a future study making such a comparison.

Glucocorticoid adjuncts are mostly recognized for increasing the duration of analgesia from single injection 
peripheral nerve block. Our study indicated that in the presence of a continuous TPVB catheter that provides 
a continuous infusion of local anesthetic to the nerve, glucocorticoids may have an added effect of additional reduction 
of postoperative opioid consumption.10,14 This is consistent with previous findings from this group of investigators that 
decreased patient-control demand doses of local anesthetic infusion through the continuous nerve block catheter when 
glucocorticoid adjuncts were used.5,7 Taken together, these studies support the idea that glucocorticoid use augments the 
quality of the analgesia in not only single injection but also continuous peripheral nerve blocks.

The strategy of employing regional blocks with steroid adjuncts may provide an alternative to the current long- 
acting therapy for pain management after Nuss procedure – cryoablation. Cryoablation is the use of thermally 
conducted cold needles to destroy surrounding tissue and small nerves in an effort to provide long-term analgesia. 
Cryoablation has been shown to be beneficial for pain relief in patients who undergo the Nuss procedures; 
however, it is also associated with significant complications such as Nuss hardware malalignment, permanent 
loss of thoracic sensation, chronic neuropathic pain, and pneumothorax. Patients who received cryoablation also 
had an associated increased odds ratio of slipped bars requiring reoperation.15–19

The limitations of this study include the small sample size, which may make the results difficult to generalize as shown in 
the scatter plot that in the “standard” group there are 3 obvious outliers (>3K on the MME log scale) suggesting either block 
failure or partial failure or the low concentration of local anesthetics (0.2% ropivacaine) not strong enough for certain patients 
and additional effects from steroids made the block much stronger. Nonetheless, due to the large range of total hospital MME 
consumption, we performed linear regression on the logarithm transformation of the outcome and back transformed the 
estimates to interpret geometric mean estimates. In addition, the study did include all patients within the specified time frame 
with accessible medical records making the sample at least more representative. The retrospective study design also creates 
possibilities for confounding even in a relatively young and healthy patient population. It is important to note that patients in 
the non-glucocorticoid group had their procedures mostly from 2013 to 2019, while patients in the glucocorticoid group had 
their procedures from 2019 to 2021 (the practice of routinely adding glucocorticoid adjuncts began in 2019), but there have 
been no significant changes in multimodal analgesia. It may also be speculated that greater awareness of opioid side effects 
over the course of the study period may have contributed to patients later in the study period receiving fewer opioid 
medications, but the similar pain scores and length of hospital stays during the study period argue against these. The 
supervising providers giving the nerve blocks experienced mild changes over the course of the study, and they all came from 
a subspecialty group within the academic practice that specializes in regional anesthesia procedures. This single surgeon has 
not modified his surgical techniques in the study duration either. Additionally, the retrospective design did not allow for 
standardized collection of certain outcome measures. Pain scores may have only been recorded when patients were in most 
pain and asking for pain medication. This lack of standardized reporting may explain the lack of difference between the 
groups in terms of pain scores. Boluses of local anesthetic through the indwelling TPVB catheters were also not recorded so 
its effect on the opioid administration could not be quantified. Additionally, variations in practitioner preference allowed for 
the administration of ESPB in some patients, with a greater proportion in the glucocorticoid group. It may be argued that the 
ESPB exerts its analgesic effect through spread into the paravertebral space and may be of no benefit when added to a TPVB, 
which is supported by current literature.20,21 However, it cannot be ignored that a large proportion of patients in the 
intervention group received this extra block and could be a confounding factor. For example, one might say that due to 
the relative ease and reduced risk of ESPB the people performing the blocks may have had greater success with ESPB than 
with the TPVB.

Despite the limitations detailed above, it is noteworthy that interests in less invasive alternatives to EA such as TPVB and 
ESPB in Nuss procedure have generated promising yet suboptimal results.4,22–25 Our study is the first designed to augment 
TPVB’s analgesic effects by using glucocorticoids as local anesthetic adjuvants. Future directions would be to compare the 
efficacy and safety of continuous TPVB or ESPB with epidural analgesia, as well as single injection TPVB or ESPB vs 
continuous epidural analgesia in the presence of glucocorticoids, preferably in a prospectively randomized control study.
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Conclusion
This study showed that a combination of DXP and MPA in TPVB yielded a significant decrease in opioid intake in Nuss 
Bar pediatric patients without significant adverse effect on post-operative recovery.

Ethics Approval and Informed Consent
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confidentiality and compliance with the Declaration of Helsinki.
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