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Abstract

Purpose: Nuss bar placement results in severe and prolonged postoperative pain |1, 2|. Cryoanalgesia (ctyo) is a promising
new approach for managing thoracic pain which involves freezing intercostal nerves, resulting in analgesia of the chest wall
for months |3, 4|. Howevert, the analgesic effect of cryo is delayed for 24 hours or mote |5, 0]. Erector Spinae Plane Blockade
(ESPB) provides immediate analgesia to the chest wall and can act as an analgesic bridge until ctyo reaches peak effect |7, 8].
Methods: We reviewed the charts of all patients who underwent Nuss bar placement between June and July of 2018. Patients
received multimodal and preemptive analgesia as well as bilateral thoracic ESPB and cryo. Patient demographics, analgesic
techniques, opioid consumption, pain scores, length of stay (LOS), and antiemetic administration were recorded.

Results: Analysis included 1 female and 6 male patients. Mean age was 14.9 +/- 1.9 years and mean Haller index was 3.60
+/- 0.73. Mean LOS was 1.34 +/- 0.56 days. Mean intraoperative fentanyl administration was 5.3 +/- 1.25 mcg/kg. Mean
long-acting opioid consumption was 0.43 +/- 0.38 mg/kg PO morphine equivalents on POD 0 and 0.51 +/- 0.73 mg/kg PO
morphine equivalents on POD 1. Mean visual analog scale (VAS) pain scores wete 2.5 +/- 2.3 and 3.0 +/- 0.97 for POD 0 and
1, respectively. Two patients (28.6%) required antiemetic treatment.

Conclusions: This small historical cohort study shows that it is possible to have short LOS and good pain control after the
Nuss procedure by using a combination of ESPB, cryo and multimodal analgesia.
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Introduction and should be a standard part of managing patients undergoing
the Nuss procedure [9]. In addition to oral and intravenous (IV)
Pectus excavatum is the most common chest wall deformity in medications, regional anesthesia is often required. Techniques
commonly utilized include thoracic epidurals (TE) and paraverte-
bral nerve blocks (PVB). TE has been shown to control postoper-

ative pain well but there ate considerable disadvantages including

children [1, 5]. Its repair requires a sub-sternal metal bar to be
placed across the thoracic cavity, exerting outward pressure on
the chest wall, thereby correcting the concave deformity. The

minimally invasive placement of this bar via a thoracoscopic ap-
proach, known as the Nuss procedure, has become the technique
of choice for repairing pectus excavatum. Although this does re-
sult in good cosmetic repair, it also causes severe and prolonged
postoperative pain. Optimal pain management remains elusive,
making early discharge after the procedure challenging [4].

Multimodal analgesia has become a mainstay of pain management
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risk of neurologic injury, need for prolonged bladder catheteriza-
tion, pruritus and nausea, delayed ambulation, and difficulty in
transitioning from epidural to IV or oral analgesics |9, 10]. PVBs
have been shown to provide good postoperative analgesia after
Nuss bar placement and they may have a lower risk of neurologic
injury when compared to TEs, but performing a PVB is techni-
cally challenging and requires needle placement very close to the
pleura, increasing the risk of block failure and pneumothorax [1].
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Erector Spinae Plane Blockade (ESPB) was first described by
Forero in 2016 as a way of managing intractable thoracic neu-
ropathic pain [11]. Local anesthetic is injected just deep to the
erector spinae muscle resulting in analgesia to the chest wall,
presumably from action on the ventral and dorsal rami of spinal
nerves, and possibly due to some epidural spread, although the
exact mechanism of action is unknown [12, 13]. ESPB is simple
to perform and may be safer than TE or PVB |7, 8]. Multiple
studies have shown the efficacy of ESPB for thoracic analgesia
and, when considering that it may have a better safety profile than
other regional or neuraxial techniques, it may be the ideal block
for Nuss bar placement [14].

All of the techniques listed above have the potential to success-
fully manage immediate postoperative pain after Nuss bar place-
ment, but the pain from this procedure can last for weeks |2, 4].
A promising approach for providing long-term thoracic analgesia
is emerging in the form of cryoanalgesia (cryo), also known as
cryoablation, which involves freezing intercostal nerves, resulting
in thoracic analgesia that usually lasts months [3]. In 2016 Keller
published one of the first papers examining the use of cryo for
Nuss bar placement and found that utilizing cryo led to reduced
time to hospital discharge and decreased opioid consumption
when compared to TE [15]. While cryo does seem to work well
for treating thoracic pain, peak analgesic effect does not take ef-
fect for 24 hours or more; hence, another intervention is needed
for managing immediate postoperative pain |5, 6].

We began performing ESPB in patients undergoing the Nuss pro-
cedure in an effort to provide an analgesic bridge from the time
of surgery to the time of peak cryo effect. We then retrospec-
tively reviewed these cases, hypothesizing that the combination
of ESPB and cryo would result in short LOS, good pain control,
and low opioid consumption.

Methods

After IRB approval (IRB NCA1711R), we retrospectively re-
viewed the charts of all patients who underwent Nuss bar place-
ment for correction of pectus excavatum in June and July of
2018. Data from 7 charts were collected and included patient
demographics, Haller indexes, medication administration, opera-
tive details, anesthetic management, visual analog scale (VAS) pain
scores, presence of postoperative nausea or vomiting (defined as
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the need for postoperative antiemetic medication) and LOS.

All patients were managed with a standardized perioperative
multimodal analgesic regimen including preoperative celecoxib
200mg, gabapentin (12.5-15mg/kg up to 900mg) and either pre-
opetative ot intraopetative acetaminophen (12.5-15mg/kg up to
1,000mg). After induction of general anesthesia and endotracheal
intubation, bilateral ESPB was performed. With the ultrasound
probe oriented cranial to caudad, transverse processes were iden-
tified at approximately the TG level. A needle was then advanced
towards the transverse process just deep to the erector spinae
muscle. After confirming adequate needle placement with a 2ml
bolus of normal saline, 20ml of 0.2% ropivacaine with epineph-
rine 1:200,000 was injected. Detailed ultrasound anatomy of the
ESPB is displayed in Figure 1.

Cryo was then performed by the surgeon under thoracoscopic
guidance using an extra pleural technique. A cryo probe (Atri-
cure, Inc.) was inserted into the chest wall, utilizing the same inci-
sion later used for Nuss bar insertion. Surgeons then tunneled
the probe subcutaneously, avoiding violation of the pleura. The
probe was advanced through the subcutaneous tissue and brought
into contact with the intercostal nerve of the third, fourth, fifth,
sixth and seventh intercostal spaces bilaterally and cooled to -60
degrees Celsius (°C) for two minutes. Thoracoscopic visualization
of ice crystal formation, as seen in Figure 2, as well as intercos-
tal muscle fasciculations confirmed appropriate placement. After
cryo completion, the Nuss bar was placed under thoracoscopic
guidance. No additional local anesthetic was injected by surgeons.
Patients were given intraoperative IV hydromorphone and fenta-
nyl per the anesthesiologist’s discretion. All patients were extu-
bated at the end of the procedure without complication.

Postoperatively, all patients received scheduled acetaminophen
(15mg/kg up to 1,000mg Q6 hours), NSAIDs (IV ketorolac
0.5mg/kg max 30mg Q6 hours, switched to PO Ibuprofen 10mg/
kg up to 600mg once tolerating orals) and gabapentin 300mg PO
QHS. The gabapentin was continued until chest wall sensation
returned to normal, usually about 2-3 months after cryo was per-
formed. Opioid pain medications were ordered per the surgeon’s
discretion. Four patients were written for PRN pain medications
only, while 3 patients received demand-only patient controlled an-
algesia (PCA). Patients were discharged to home after their pain
was controlled on PO analgesics and they were ambulating and

Figure 1. Ultrasound anatomy of the Erector Spinae Plane block. TM, trapezius muscle, ESM, erector spinae muscle, NT,
needle tip, TP, transverse process, LA, local anesthetic.
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tolerating a regular diet.

Statistical Analysis

Means and standard deviations were calculated for all quantita-
tive variables and proportions were calculated for categorical vari-
ables. Each patient received IV fentanyl throughout the case per
the anesthesiologists’ discretion. Intraoperative fentanyl was not
included in total opioid consumption calculations because it is
unlikely to have a significant effect on postoperative opioid con-
sumption or length of stay due to its short half-life. IV hydro-
morphone was the only long-acting opioid used intraoperatively
and was included in the opioid consumption data. PO morphine
equivalents were calculated based on the formula in Table 1.

Results

Seven patients underwent Nuss bar placement in June and July of
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2018 and all were included in the analysis. All but one of the study
patients were male. Mean patient age was 14.9 +/- 1.9 years and
mean Haller index was 3.60 +/- 0.73. All patients were ASA 1 ot
2. Mean intraopetative fentanyl administration was 5.3 +/- 1.25
mcg/kg. Mean long-acting opioid consumption was 0.43 +/- 0.38
mg/kg PO morphine equivalents on post-operative day (POD) 0,
including intraoperative hydromorphone, and 0.51 +/- 0.73 mg/
kg PO morphine equivalents on POD 1. Mean LOS was 1.34 +/-
0.56 days. Mean VAS pain scotres were 2.5 +/- 2.3 and 3.0 +/- 1
for POD 0 and 1, respectively. 2 patients (28.6%) experienced
postoperative nausea requiring pharmacologic treatment.

Discussion

In our small historical cohort study we found that by combining
ESPB with cryo for the Nuss procedure, patients had low pain
scores, low opioid consumption, and short LOS. Although we
do not have a comparison group in our study, a recent observa-

Figure 2. Extra-pleural approach to cryoanalgesia. This technique involves tunneling the cryo probe subcutaneously to
avoid entering the thoracic cavity. CP, cryo probe, IC, ice crystal.

Table 1. Patient Characteristics and Outcomes.

Variable Mean * SD or n (%)

Age (yrs) 149+ 1.9
Weight (kg) 535+ 14.2

Gender (% male) 6 (85.7%)
Haller Index 3.60 £ 0.73

Intraoperative IV fentanyl mcg/kg 53+ 1.25
Intraoperative PO morphine equivalents mg/kg 0.14 £ 0.05
Total POD 0 PO motphine equivalents mg/kg 0.43 £0.38
Total POD 1 PO motphine equivalents mg/kg 0.51 £0.73
LOS (days) 1.34 = 0.56

Nausea treatment required (%oYes) 2 (28.6%)

Avg, VAS Pain Score POD 0 25+23

Avg. VAS Pain Score POD 1 3.0%1.0

PCA (% Yes) 3 (42.9%)

Abbreviations: SD: Standard Deviation; PO: Per Os; POD: Post Op Day; LOS, Length Of Stay; VAS: Visual Analog Scale; PCA:
Patient Controlled Analgesia.
PO morphine equivalents were calculated using the following conversion factors: 1 mg of IV hydromorphone is equivalent to 5mg of

IV morphine and 1 mg of IV morphine is equivalent to 3 mg of PO morphine.
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tional study by Muhly et al,, as part of the Society for Pediatric
Anesthesia Improvement Network (SPAIN), analyzed patients
undergoing the Nuss procedure at 14 different institutions man-
aged with TEs, PVBs, wound catheters, or no regional [16]. A
total of 331 patients were analyzed, none of whom received cryo.
Average POD 0 and POD 1 pain scores and opioid consumption
were similar to our study. Muhly et al., found that under 10%
of patients from any group were discharged by POD 2 and un-
der 50% of patients from any group were discharged by POD
3. In our study the average LOS was 1.34 days and all patients
were discharged by POD 2. We provide the above comparison
simply to show that, in our study, LOS seems to be shorter than
that typically seen with Nuss bat placement while achieving pain
scores and opioid consumption similar to that seen with other
pain interventions.

Cryo has been used for decades to treat chronic and acute pain
but its use in pediatrics, and specifically its use for the Nuss proce-
dure, is quite new [4-6, 17]. The extent and duration of analgesia
following cryo, as well as the risk of nerve injury, are dependent
on the temperature of the cryoprobe and the duration of cryo ap-
plication. Zhou et al., examined the clinical and histologic effects
of various temperatures of cryo application to the sciatic nerve in
rabbits [18, 19]. Nerve morphology, somatosensory evoked po-
tentials (SSEPs), and motor function, as indicated by weakness or
foot drop, degraded as colder temperatures were applied, imply-
ing a direct link between temperature and degree of nerve injury
and recovery. They concluded that temperatures between -60°C
and -100°C may be optimal for providing analgesia while mini-
mizing the risk of persistent neurologic issues.

Moorjani et al., investigated how the duration of cryo application
affects the structure and function of peripheral nerves. Canine in-
tercostal nerves were cooled to -50°C for various periods of time,
with no evident long-term histologic damage after application up
to 120 seconds [20]. In a separate arm of the study, 200 human
subjects undergoing thoracotomy were randomized to receive ei-
ther cryo at -50°C for 60 seconds or conventional therapy. Pa-
tients in the cryo group had lower pain scores, lower opioid con-
sumption and improved pulmonary function testing compared to
the control group and had complete neurologic recovery within
6 months. The study concluded that cryo seems to be safe and
effective, yet the theoretical risk of post-cryo neuralgia remains.

The incidence of post cryo neuropathic pain is unclear, but based
on current literature it appears to be low [20-23]. To minimize this
risk, at our institution we administer a large preoperative loading
dose of gabapentin as well as scheduled postoperative gabapen-
tin, which is continued until patients have return of normal chest
wall sensation, typically 2 to 3 months. We have performed over
65 cryo treatments and have had no reported cases of neuralgia.

Another potential pitfall of using cryo for analgesia after the Nuss
procedure is the time it takes to reach peak effect. Multiple stud-
ies have shown that peak analgesia after cryo is delayed for 24
hours or more and that another form of analgesia is needed as a
bridge during that time [5, 6]. Some have used TE, PVB, or even
extended-release oxycodone to form this bridge, but ESPB may
be a better alternative. ESPB has been shown to be a safe and
effective means of providing analgesia for up to 24 hours after
a single injection, and it may be safer and easier to perform than
TE or PVB [7, 8, 11, 14]. Continuous ESPB catheters have been
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used to provide analgesia after the Nuss procedure in the past but
in our experience, with the addition of cryo, catheters become
unnecessary [24, 25]. To our knowledge our study if the first to
combine single shot ESPB with cryo for the Nuss procedure.

Our study does have several limitations, including being retro-
spective in nature, not having a compatison group, and having
a small sample size. However, we show that it is possible to have
good pain control and short length of stay after Nuss bar place-
ment by using the novel technique of combining ESPB with cryo
and multimodal analgesia.

We suggest that ESPB may be the optimal way to manage im-
mediate postoperative thoracic pain in this population because it
is easy to perform, safe and effective, and provides a non-opioid
based foundation for pain management |7, 8|. Likewise, cryo may
be the optimal way to minimize long-term postoperative opioid
usage by providing long-lasting pain relief from a single treat-
ment. In order to better assess whether the results in our study are
more broadly applicable, prospective studies with larger sample
sizes are needed.
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