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Background: Postoperative pain management following minimally invasive repair of 
pectus excavatum (MIRPE) remains a critical concern due to severe post-procedural pain. 
Promising results have been reported for cryoanalgesia following MIRPE; however, its in-
vasiveness, single-lung ventilation, and additional instrumentation requirements remain 
obstacles. Serratus anterior plane block (SAPB) is a regional block technique capable of 
covering the anterior chest wall at the T2–9 levels, which are affected by MIRPE. We hy-
pothesized that SAPB would be a superior alternative pain control modality that reduces 
postoperative pain more effectively than conventional methods.
Methods: We conducted a retrospective study of patients who underwent MIRPE be-
tween March 2022 and August 2023. The efficacy of pain control was compared between 
group N (conventional pain management, n=24) and group S (SAPB, n=26). Group N re-
ceived intravenous patient-controlled analgesia (IV-PCA) and subcutaneous local anes-
thetic infusion. Group S received bilateral continuous SAPB with 0.3% ropivacaine after 
a bilateral bolus injection of 30 mL of 0.25% ropivacaine with baseline IV-PCA. Pain levels 
were evaluated using a Visual Analog Scale (VAS) at 1, 3, 6, 12, 24, 48, and 72 hours post-
operatively and total intravenous rescue analgesic consumption by morphine milligram 
equivalents (MME).
Results: Mean VAS scores were significantly lower in group S than in group N throughout 
the 72-hour postoperative period (p<0.01). Group S showed significantly lower MME at 
postoperative 72 hours (group N: 108.53, group S: 16.61; p<0.01).
Conclusion: SAPB improved immediate postoperative pain control in both the resting 
and dynamic states and reduced opioid consumption compared to conventional man-
agement.

Keywords: Pectus excavatum, Serratus anterior plane block, Postoperative pain, Cryoan-
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Introduction

Pectus excavatum (PE), which is characterized by anteri-
or chest wall depression and costal deformation, is the 
most common congenital chest wall deformity. Advances 
in surgical techniques and the introduction of innovative 
surgical instruments have significantly improved the cor-
rection of these deformities [1,2]. However, managing se-
vere postoperative pain following PE repair remains a sig-
nificant challenge, as current solutions are inadequate. The 

remodeling of the chest wall with pectus bars exerts con-
siderable pressure on the rib cage, leading to intense post-
operative pain [3,4]. Traditional pain management strate-
gies for PE repair, such as intravenous (IV) patient-controlled 
analgesia (PCA), thoracic epidural analgesia, and local 
wound infiltration using the ON-Q PainBuster (B Braun, 
Hessen, Germany), are not fully effective in controlling pain 
[5-8].

Recent studies have shown that cryoanalgesia enhances 
postoperative pain management after PE repair compared 
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to traditional methods [9-11]. However, the application of 
cryoanalgesia necessitates a thoracoscopic approach, sin-
gle-lung ventilation, and additional instrumentation, fac-
tors that restrict its widespread adoption following PE re-
pair [11].

As a superior alternative, we adopted the continuous ser-
ratus anterior plane block (SAPB), which is a technique 
that administers local anesthetic via an extrathoracic cath-
eter. This method targets the thoracic dermatomes from 
T2 to T9 by blocking the lateral cutaneous branches of the 
intercostal nerves that traverse these planes [12]. In this 
study, we aimed to assess the effectiveness of SAPB in man-
aging postoperative pain following PE repair, in compari-
son to conventional pain management techniques.

Methods

Study design

This retrospective study was reviewed and approved by 
the institutional review board of Seoul St. Mary’s Hospital 
(IRB no., KC23RISI0889). We analyzed data from patients 
who underwent minimally invasive repair of pectus exca-
vatum (MIRPE) between March 1, 2022 and August 30, 
2023. Out of the 126 patients who underwent MIRPE, 50 
met the criteria for inclusion in the study. We only consid-
ered cases of primary repair and excluded patients if they 
lacked complete medical records pertaining to pain and 
analgesic data, had a history of pectus surgery, or had un-
dergone sternotomy. The patients were categorized into 2 
cohorts based on the pain control methods used: 24 pa-
tients received conventional pain management (group N), 

and 26 patients were treated with SAPB (group S) (Fig. 1). 
The integration of SAPB into our pain control protocol 
marked a change in our clinical practice beginning in 
2023. The selection of patients for this study included the 
most recent cases using conventional methods as well as 
those involving SAPB, with the aim of minimizing poten-
tial enrollment biases by ensuring that the time frames for 
both groups were closely aligned.

Demographic data, medications administered, surgical 
and medical histories, and perioperative data—including 
operative time, pain level, opioid use, complications, and 
length of stay (LOS)—were collected through patient inter-
views and electronic medical records. The total IV rescue 
analgesic consumption was quantified using the approxi-
mate morphine milligram equivalent (MME).

The degree of postoperative pain was assessed using a 
Visual Analog Scale (VAS) at multiple time points (1, 3, 6, 
12, 24, 48, and 72 hours) following surgery. Patients report-
ed their pain intensity on a scale ranging from 0 (no pain) 
to 10 (worst imaginable pain) in both the supine position 
(at rest, VAS-R) and while in an upright position during 
coughing (dynamic, VAS-D). A VAS score <4 was deemed 
to represent a tolerable level of pain.

The total consumption of IV rescue analgesics at postop-
erative intervals (6, 12, 24, 48, and 72 hours), LOS, and 
complications—including those related to SAPB, such as 
pneumothorax, wound complications, pneumonia, neuro-
logical issues, bar dislocation, or re-operation—were re-
corded and compared between the 2 groups. Additionally, 
the total operative time and the duration of the SAPB were 
noted and analyzed.

The depression index was calculated by locating the 

Assessed for eligibility
Patients undergoing MIRPE

March 1, 2022 to August 30, 2023
(n=126)

Evaluated for postoperative pain score
(n=74)

Included for analysis
(n=50)

Group N
Conventional pain management

(n=24)

Group S
Serratus anterior plane block

(n=26)

52 Patients excluded
- Patients with incomplete medical records,

particularly with regard to pain scores

24 Patients excluded
- Patients who underwent different pain

control modality

Fig. 1. CONSORT flow diagram for 
patient enrollment, allocation, and 
analysis. MIRPE, minimally inva-
sive repair of pectus excavatum.
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point of maximal sternal depression on computed tomog-
raphy images and drawing a line across the anterior ribs at 
this point [13].

Surgical procedures

All PE repairs were performed by 1 surgeon at a single 
center. The surgical techniques were identical except for 
the SAPB procedure. Patients were positioned supine, with 
both arms freely suspended in overhead slings to avoid 
arm stretching. Bilateral chest wall incisions were made at 
the mid-axillary line, each approximately 1 cm in length, 
to accommodate the insertion of a pectus bar [11].

Our center’s surgical strategy emphasizes remodeling the 
entire chest wall rather than merely elevating the focal de-
pression [2]. Before repair, the total crane technique was 
applied to every patient, regardless of age, sex, or severity. 
This technique involves lifting the sternum above the de-
sired height using a sternal wire or screw attached to the 
depressed area, and it was utilized in every case [14]. For 
visualization and dissection, we used a pectoscope (Pri-
meMed, Seoul, Korea), which allowed us to insert a pectus 
bar through the intercostal spaces at the anterior axillary 
lines on both sides. This approach was taken to ensure the 
highest quality of repair and to maintain the anatomical 
integrity of the reshaped chest wall. To stabilize the bars, 
multiple pectus bars were introduced and secured to bilat-
eral bridge plates (PrimeMed). In 2022, we discontinued 
the use of single-bar repairs for chest wall remodeling in 

all patients. To address costal flares and remaining protru-
sions, we applied the flare-buster/magic string technique, 
which involves the use of No. 5 Ethibond strings (Ethicon 
Inc., Somerville, NJ, USA) [15,16].

Serratus anterior plane block

SAPB was performed twice: initially before the PE repair 
procedure as an initial bolus, and subsequently after the 
completion of the PE repair for continuous infusion during 
the postoperative period. For the procedure, the patient 
was positioned supine, and a high-frequency linear ultra-
sound transducer was positioned anterior to the midaxil-
lary line at the level of the fourth or fifth ribs on the side to 
be blocked (Fig. 2A) [17,18]. The serratus anterior (SA) and 
latissimus dorsi (LD) muscles were identified, and a 20G 
BD Perisafe Modified Tuohy Point Epidural Needle (BD 
Inc., Eschborn, Germany) was advanced into the interfas-
cia l plane between the SA and LD using an ultra-
sound-guided in-plane technique. Initially, 5–10 mL of sa-
line was injected to expand the interfascial space between 
the SA and LD. Then, 30 mL of 0.25% ropivacaine (not ex-
ceeding a maximum dose of 3 mg/kg of ropivacaine) was 
administered bilaterally, along with adjuvants of 5 mg of 
dexamethasone and 50 μg of fentanyl to enhance the qual-
ity and duration of the local anesthetic effect (Fig. 2B, C). 
This approach blocks the lateral cutaneous branches of the 
second to ninth intercostal nerves and the long thoracic 
nerve, providing anesthesia to the anterior and lateral as-

A B

C D

Caudal

Dorsal

Cranial

Local anesthetic infusion (ropivacaine)Local anesthetic infusion (ropivacaine)

4th rib4th rib
5th rib5th rib

SA planeSA plane

NeedleNeedle
LDLD

SASA

LDLD

Latissimus dorsi

Serratus anterior

Target plane

4th rib 5th ribIntercostal muscles

Pleura

Fig. 2. Intraoperative serratus an-
terior plane block (SAPB). (A) Il-
lustration of SAPB, showing the 
injection of local anesthetic agents 
into the target plane between the 
serratus anterior (SA) and latis-
simus dorsi (LD). (B) Ultrasound 
views of SAPB. A needle (yellow 
dotted arrow) is targeting the plane 
between the SA and LD, the hy-
perechogenic facial plane (yellow 
dotted line). (C) Hydro-dissection 
of the SA plane develops the space 
for catheter placement, and the 
local anesthetic agent (0.3% rop-
ivacaine) is infused. (D) Bilateral 
ultrasound-guided Painfusor cathe-
ter placement for continuous SAPB 
after the repair.
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pects of the chest wall. Postoperatively, bilateral ultra-
sound-guided pain fusor catheters (Baxter Inc., Deerfield, 
IL, USA) were placed for continuous SAPB, with 0.3% rop-
ivacaine infused at a rate of 5 mL/hr (Fig. 2D).

The continuous infusion procedure for SAPB is demon-
strated in Supplementary Video 1.

Pain management protocol

Patients in group N received a standardized pain man-
agement regimen in accordance with our institutional pro-
tocol, which included: (1) IV-PCA, (2) subcutaneous local 
anesthetic infusion, (3) on-demand nonsteroidal analgesic 
injections, and (4) oral basal analgesics. Upon initiating 
IV-PCA with fentanyl at a concentration of 15 μg/kg in 100 
mL of normal saline, oral analgesics were administered, 
specifically ibuprofen at a dosage of 10–15 mg/kg every 6 
hours and acetaminophen at the same dosage and frequen-
cy. If additional analgesia was required, patients could re-
quest ketorolac (0.5 mg/kg) or pethidine (0.5 mg/kg), which 
were provided as IV rescue analgesics. For the subcutane-
ous infusion of local anesthetics, catheters measuring ei-
ther 7.5 cm or 15 cm were placed bilaterally along the pos-
terior axillary lines following surgical repairs. These 
catheters were connected to a 240-mL reservoir that dis-
pensed 0.3% ropivacaine at a constant rate of 5 mL/hr. The 
catheters were typically removed 2 to 3 days after surgery. 
Further details regarding our pain management protocol, 
which includes general anesthesia, IV-PCA, subcutaneous 
local anesthetic infusion, and postoperative analgesics, are 
documented in a previous publication [11].

In group S, continuous SAPB catheters were placed at 
the interfacial plane of the LD and SA under ultrasound 
guidance, rather than in the subcutaneous plane. Other 
than the location of catheter placement, all other treatment 
modalities were identical in both groups, including the in-
fusion rate (5 mL/hr) and the duration of infusion (2–3 
days).

Statistical analysis

Quantitative variables were analyzed using range, mean, 
and percentage, while categorical variables were assessed 
using mean, range, and standard deviation. For the com-
parative analysis of quantitative variables, an independent 
sample t-test was conducted. The chi-square test was uti-
lized for the comparative analysis of categorical variables, 
with Fisher’s exact test being applied when values were less 
than 5. All statistical analyses were carried out using IBM 

SPSS ver. 21.0 software for Windows (IBM Corp., Armonk, 
NY, USA). The results were interpreted using 95% confi-
dence intervals (CIs), and a p-value <0.05 was deemed sta-
tistically significant.

Results

Fifty patients were enrolled in this study, and their base-
line characteristics are listed in Table 1. There were no sig-
nificant differences between the 2 groups in terms of age, 
height, weight, body mass index, sex, American Society of 
Anesthesiologists class, or PE type. Perioperative clinical 
and radiological characteristics are also summarized in 
Table 1. Although the SAPB procedure added an average of 
17 minutes, the mean operative time for group S (110.96 
minutes) was comparable to that of group N (125.96 min-
utes) (p=0.053). All PE repairs were conducted using totally 
crane-powered surgery, with multiple bar application 
(cross, parallel, or XI shape) under pectoscopic guidance, 
bridge plate bar stabilization, and the f lare buster/magic 
string technique.

Pain scores, both resting (VAS-R) or dynamic (VAS-D), 
were assessed at the anterior (VAS-R-A and VAS-D-A) and 
lateral (VAS-R-L and VAS-D-L) chest walls (Fig. 3A, B). 
The mean VAS-R score was significantly lower in group S 
than in group N for the entire 72-hour postoperative peri-
od (p<0.01 in all analyses) (Supplementary Table 1). The 
VAS-R-A and VAS-R-L scores were lower than 4 at 3 hours 
postoperatively (3.77 and 3.58, respectively). However, in 
group N, the VAS-R-A and VAS-R-L scores were greater 
than 4 during the full 72-hour postoperative period. The 
VAS-D showed similar results. The mean VAS-D was also 
significantly lower in group S than in group N for the en-
tire 72-hour postoperative period (p<0.01 in all analyses) 
(Supplementary Table 2). The dynamic scores in group S 
became lower than 4 after 24 hours; however, the VAS-D 
in group N was greater than 4 throughout the full 72-hour 
postoperative period.

The total postoperative IV analgesic consumption was 
compared using oral MME values. There were significant 
differences in total analgesic consumption between the 2 
groups (p<0.01 for all tests). Group S demonstrated a statis-
tically significant lower MME during 72 hours postopera-
tively (group N: 108.53; group S: 16.61; p<0.01) (Table 2).

The postoperative outcomes did not significantly differ 
between the 2 groups (Table 3). Patients in group S had an 
average hospital stay of 4.62 days, while those in group N 
stayed for an average of 4.88 days (p=0.39). There were no 
complications related to the SAPB, such as toxicity, hema-
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Table 1. Baseline characteristics of the study groups

Characteristic Conventional (group N) (n=24) SAPB (group S) (n=26) p-value*

Age (yr) 14.46 (10–20) 14.31 (10–19) 0.83
Height (cm) 166.85 (140–185) 166.35 (131–180) 0.87
Weight (kg) 49.53 (27.0–70.0) 50.17 (28.9–74.0) 0.82
Body mass index (kg/m2) 17.61 (13.15–22.60) 17.87 (15.78–23.36) 0.67
Male sex 21 (87.5) 21 (80.8) 0.53
ASA class 0.18
   ASA I 20 (83.3) 25 (96.2)
   ASA II 4 (16.7) 1 (3.8)
PE symmetric type 13 (54.2) 17 (65.4) 0.16
Depression index
   Preoperative 1.66 (1.22–2.50, 0.31) 1.62 (1.32–2.56, 0.28) 0.34
   Postoperative 1.04 (1.00–1.10, 0.05) 1.02 (1.00–1.07, 0.02) 0.234
   Δ Depression index 0.62 (0.17–1.42, 0.31) 0.60 (0.26–1.56, 0.28) 0.932
Operative time (min) 124.86 (70–155) 110.96 (75–180) 0.053
Block time (min) - 17.77 (14–30, 3.39)
No. of pectus bars 0.34
   1 0 0
   2 3 (12.5) 1 (3.8)
   3 21 (87.5) 25 (96.2)
Pectus bar pattern 0.32
   Parallel 3 (12.5) 3 (11.54)
   Cross 2 (8.3) 0
   XI 19 (79.2) 23 (88.46)
Crane application 24 (100.0) 26 (100.0) 1.00
Pectoscope 24 (100.0) 26 (100.0) 1.00
Flare buster 24 (100.0) 26 (100.0) 1.00
Magic string 24 (100.0) 26 (100.0) 1.00
Bridge 24 (100.0) 26 (100.0) 1.00

Values are presented as mean (range), number (%), or mean (range, standard deviation).
SAPB, serratus anterior plane block; ASA, American Society of Anesthesiologists.
*p<0.05 (statistically significant).

Fig. 3. Visual Analog Scale (VAS) scores for postoperative pain evaluation. (A) Postoperative pain scale at the anterior chest wall in the 
resting state (VAS-R-A scores) in groups N and S. (B) Postoperative pain scale at the anterior chest wall in the dynamic state (VAS-D-A 
scores) in groups N and S.
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toma, or infection, in any of the patients. Four patients in 
group N and 3 in group S developed postoperative pneu-
mothorax (p=0.70), all of which resolved spontaneously 
without intervention. One patient in group N experienced 
a postoperative wound seroma (p=0.48), and 1 patient in 
group S developed postoperative pneumonia (p=0.45); both 
were successfully treated with antibiotics. Additionally, 1 
patient in group S reported right-arm weakness after sur-
gery, which improved spontaneously (p=0.45).

Discussion

Although various analgesic methods have been pro-
posed, most patients still experience severe pain following 
PE repair. Surgeons performing MIRPE are particularly 
concerned about managing postoperative pain. IV-PCA is 
traditionally established as the primary method for post-
operative pain control [19]; however, it is associated with 
opioid-related side effects, including opioid-induced hyper-
algesia, sedation, nausea, and respiratory depression, which 
can be problematic [7]. Thoracic epidural analgesia is re-
garded as one of the most effective pain management strat-
egies for adults undergoing thoracic procedures, but it car-

ries risks of catheter-related issues, such as kinking or 
dislodgement, as well as serious neurological complications 
[8,20]. Nevertheless, this study supports the superiority of 
SAPB over conventional pain management techniques. 
While patients in the conventional group reported pain 
scores above 4 throughout the entire 72-hour period, those 
who received SAPB maintained a tolerable state (VAS<4) 
after surgery, starting from 6 hours postoperatively in a su-
pine position and 24 hours in an upright position.

Cryoanalgesia has been the subject of recent investiga-
tion at numerous facilities due to its superior efficacy and 
reduced hospital stay when compared to traditional pain 
management techniques [9-11]. However, it necessitates 
single-lung ventilation via double-lumen intubation, vid-
eo-assisted intrathoracic procedures, and the use of addi-
tional cryoequipment, all of which are invasive and in-
crease both time and cost [11]. In contrast, our SAPB 
procedures are moderately timed, averaging about 17 min-
utes, and do not require one-lung ventilation or thoracos-
copy.

In previous studies of thoracoscopic surgery, SAPB has 
been shown to provide better pain control, leading to im-
proved postoperative recovery and reduced opioid con-

Table 2. Total postoperative intravenous rescue analgesic consumption (conversion to oral MME) in the study groups

Oral MME (hr) Conventional (group N) (n=24) SAPB (group S) (n=26) p-value*

6 23.18±10.09 14.63±3.59 <0.01
12 42.99±15.70 15.62±4.15 <0.01
24 67.59±24.97 16.01±4.34 <0.01
48 89.67±39.82 16.24±4.35 <0.01
72 108.53±49.11 16.61±4.96 <0.01

Values are presented as mean±standard deviation.
MME, morphine milligram equivalent; SAPB, serratus anterior plane block.
*p<0.05 (statistically significant).

Table 3. Postoperative outcomes in the study groups

Variable Conventional (group N) (n=24) SAPB (group S) (n=26) p-value*

Length of stay (day) 4.88 (4–8. 1.15) 4.62 (4–7, 0.94) 0.39
Complications
   SAPB-related 0 0 1.00
   Pneumothorax 4 (16.7) 3 (11.5) 0.69
   Wound infection 1 (4.2) 0 0.48
   Pneumonia 0 1 (3.8) 0.45
   Thoracic outlet syndrome 0 1 (3.8) 0.45
   Bar dislocation 0 0 1.00
   Re-operation 0 0 1.00

Values are presented as mean (range, standard deviation) or number (%).
SAPB, serratus anterior plane block.
*p<0.05 (statistically significant).
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sumption. This suggests that SAPB is an effective adjunc-
tive treatment for postoperative analgesia following 
thoracic surgery [21-24]. Compared to studies on thoracic 
surgery, there have been fewer reports evaluating SAPB in 
patients undergoing PE repair [25-27]. Tore Altun et al. [26] 
demonstrated that bilateral single-injection SAPB in pa-
tients undergoing MIRPE reduced pain and opioid use 
compared to IV-PCA alone during the early postoperative 
period. However, they did not evaluate the postoperative 
pain score scale. Instead, they compared the number of 
times patients pressed the PCA button (demand dose) with 
the number of times they actually received pain medication 
(delivered dose) at 24 hours and 48 hours postoperatively. 
The control group exhibited a higher demand and received 
a higher delivered dose in the first 24 hours after surgery.

In this study, we evaluated the effectiveness of continu-
ous SAPB for postoperative pain control following PE re-
pair with pectus bars. Our findings indicate that SAPB sig-
nificantly decreased postoperative pain and reduced the 
overall consumption of analgesics when compared to tra-
ditional pain management methods.

The present study focused on the onset time of the SAPB 
effect. We observed that the difference was not limited to 
the 24-hour mark; there was also a notable distinction in 
the very early phase (3, 6, and 12 hours) that persisted into 
the delayed phase (48 and 72 hours). Administering a bolus 
followed by a continuous infusion of local anesthetic agents 
produces a significant effect from the onset and maintains 
efficacy throughout the duration of the infusion.

To the best of our knowledge, this is the first retrospec-
tive study to examine the effectiveness of continuous SAPB 
following PE repair, utilizing both resting and dynamic 
postoperative VAS scores for pain, as well as assessing pain 
distribution across the anterior and lateral chest. Building 
on the findings of this study, we intend to carry out a com-
parative analysis that includes conventional pain manage-
ment, cryoanalgesia, and SAPB to identify the most effec-
tive pain control protocol after MIRPE in the near future.

This study has several limitations. First, this was a retro-
spective, small-cohort study. Second, we did not analyze 
long-term data after discharge because prolonged pain can 
impede a patient’s full recovery.

In conclusion, SAPB offers superior pain management in 
pectus surgery compared to conventional IV-PCA. SAPB 
improved immediate postoperative pain control during 
both rest and movement and decreased opioid consump-
tion without causing complications. Large-scale prospec-
tive studies are warranted to confirm these preliminary 
findings.
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