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Objective: This study aimed to evaluate the postoperative pain in patients with hypertrophic cardiomyopathy who underwent
transapical beating-heart septal myectomy (TA-BSM) and to explore whether a thoracic paravertebral nerve block (TPVB) can
effectively alleviate the postoperative pain resulting from this surgical procedure.

Methods: Patients aged 18-75 years, classified as American Society of Anesthesiologists II-1II, who underwent TA-BSM between
April and September 2023, were included. A total of 197 patients were initially enrolled and evaluated in this study. Following the
application of the inclusion and exclusion criteria, 136 participants were allocated to two cohorts: a control group (CON group) and
a TPVB group, based on whether a TPVB was administered before the surgical intervention. Demographic data, perioperative
characteristics, visual analog scale scores, analgesic strategy, and Quality of recovery-15 scores were evaluated.

Results: After inverse probability of treatment weighting (IPTW) adjustment, the standardized mean difference in baseline char-
acteristics between the two groups was <0.1. The incidence of moderate-to-severe pain on postoperative day 7 was 51.7% in the TPVB
group compared to 71.1% in the CON group. The adjusted relative risk for moderate-to-severe pain was 0.748 [95% CI, 0.565 to
0.990] via IPTW analysis. The oral morphine equivalent administered via PCA during the initial 48 hours post-surgery was
significantly lower in the TPVB group than in the CON group (225 vs 195; median difference, 34.5 [95% CI, 21 to 48]; P <0.001).
Conclusion: Preoperative administration of a single TPVB before TA-BSM was associated with a reduced postoperative pain
intensity, ranging from moderate to severe, and a subsequent decrease in opioid usage. TPVB may be a beneficial analgesic strategy
for patients undergoing TA-BSM.

Keywords: thoracic paravetebral nerve block, transapical beating-heart septal myectomy, postoperative pain, regional anesthesia,
opioid-sparing strategy

Introduction

Pain can activate the sympathetic nervous system, which places a huge burden on the heart that has just undergone
surgical injury. Inadequately managed acute pain can increase respiratory complications, heighten the risk of persistent
postoperative pain, as well as contribute to prolonged hospital stay and higher medical costs.! Although patients with
cardiac conditions frequently exhibit complex clinical profiles accompanied by multiple comorbidities and experience
significant postoperative pain, the strategies for effective postoperative pain management have become more complicated
because use of high-dose opioids, which are associated with adverse effects such as respiratory depression, addiction,
delirium, and gastrointestinal dysfunction, is no longer recommended.” Optimizing pain management through
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multimodal non-opioid analgesia, such as regional anesthesia techniques, can reduce reliance on opioids and provide
more comprehensive analgesic effects by acting on multiple pain pathways.”

Transapical beating-heart septal myectomy (TA-BSM) is a novel minimally invasive procedure for the management
of hypertrophic obstructive cardiomyopathy (HOCM).> TA-BSM is designed to minimize surgical trauma and expedite
postoperative recovery. Although the procedure has been associated with shorter hospital stays, it remains unclear
whether it effectively reduces postoperative pain, as no relevant reports have been published yet. Patients undergoing TA-
BSM are typically discharged on postoperative day 8, rendering pain assessment on postoperative day 7 a clinically
meaningful endpoint. This necessitates optimized pain management and presents new challenges in clinical anesthesia.

Thoracic paravertebral nerve block (TPVB) is a technique for administering local anesthetics to the paravertebral
space, relieving both somatic and visceral pain within the targeted dermatomal region.* The surgical incision for TA-
BSM is similar to that of thoracoscopic surgery, typically made at the level of the fifth intercostal space near the mid-
clavicular line. The analgesia range of TPVB can cover the surgical area of TA-BSM; however, to date, no studies have
specifically evaluated the impact of TPVB on postoperative pain outcomes following TA-BSM. Therefore, its efficacy in
this clinical setting remains uncertain. Ropivacaine, a long-acting amide local anesthetic, offers a favorable sensory-
motor dissociation with a wide safety margin and has been extensively adopted in clinical practice for TPVB. This study
aimed to retrospectively assess the postoperative pain outcomes in patients who have undergone TA-BSM and investigate
the role of TPVB in the postoperative pain management of TA-BSM. It was hypothesized that TPVB would reduce
postoperative pain in patients undergoing TA-BSM.

Materials and Methods

Study Design and Participants

The study was approved by the Ethics Committee of Tongji Hospital, Tongji Medical College, Huazhong University of
Science and Technology (TJ-IRB20230910) and was registered at ClinicalTrials.gov (Identifier: NCT06433089). The
study cohort comprised patients, aged 18—75 years, who were classified as American Society of Anesthesiologists (ASA)
physical status II-III and underwent TA-BSM between April and September 2023. Exclusion criteria encompassed
individuals undergoing additional surgical procedures, those requiring cardiopulmonary bypass during surgery, or those
opting out of patient-controlled analgesia (PCA) postoperatively because of personal preferences. Participants were non-
randomly allocated into two cohorts—a control group (CON group) and TPVB group—based on whether a TPVB was
administered before the surgical intervention, which mainly depended on the anesthesiologist’s preference and patient’s
own will.

Anesthesia and Surgical Technique
A standardized anesthesia protocol has been implemented at our center since the initial report of TA-BSM.°
Preoperatively, the need for TPVB was assessed by specialized anesthesiologists based on clinical judgment and patient-
specific factors. Upon admission to the operating room, patients underwent electrocardiographic and pulse oximetry
monitoring. Under local anesthesia, invasive blood pressure monitoring was performed by inserting a radial artery
catheter. An experienced anesthesiologist performed ultrasound-guided TPVB in patients in the TPVB group who were
positioned laterally. Ultrasonography was performed in the parasagittal plane. Using the out-of-plane puncture method,
significant signs of subpleural pressure were observed in the T5-6, T6—7, and T7-8 interspaces. At each of these
locations, 67 mL of local anesthetic was injected, resulting in a cumulative volume of 20 mL of 0.375% ropivacaine.’

Subsequently, all patients were placed in the supine position for induction of anesthesia with sufentanil, etomidate,
and cisatracurium. A single-lumen endotracheal tube was inserted, and mechanical ventilation was used to maintain the
PetCO, levels between 35 and 40 mmHg. Central venous catheterization was performed with the patient in the
Trendelenburg position. Anesthesia maintenance involved the inhalation of sevoflurane combined with an intravenous
infusion of sufentanil, dexmedetomidine, and cisatracurium.

TA-BSM was performed via minithoracotomy using an innovative beating-heart myectomy device (BMD) under
transesophageal echocardiography (TEE) guidance. Briefly,’ minithoracotomy was made within the fifth intercostal space
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along the left midclavicular line. Double-circumferential purse-string sutures were placed in the avascular zone at the
apex to facilitate left ventricular (LV) access for BMD insertion. Following heparinization, LV apical pressure was
measured using a manometric catheter inserted through the purse-string suture. Septal myectomy was performed using
BMD-guided TEE imaging. After resection, manometric assessments were repeated, followed by protamine neutraliza-
tion. During surgery, head-down positioning was used to prevent air embolism, and appropriate fluid resuscitation
combined with the use of vasoactive medications was administered to maintain systolic blood pressure below 120 mmHg
and heart rate below 80 beats per minute. Local infiltration anesthesia using ropivacaine was administered at the surgical
incision sites. Patients were transferred back to the cardiac intensive care unit postoperatively while maintaining
endotracheal intubation until fully awake for extubation.

Postoperative Analgesia Protocol and Rescue Analgesics

Postoperative analgesia was primarily managed through PCA, with no additional intravenous analgesics administered for
mild pain, defined as a visual analog scale (VAS) score of 0-3. In instances where the PCA dosage was increased, and
patients continued to experience moderate pain (VAS scores of 4-6), supplementary nonsteroidal anti-inflammatory
drugs, such as diclofenac sodium or flurbiprofen axetil, were administered. For severe pain (VAS scores of 7-10),
a single intravenous opioid analgesic, including dezocine, butorphanol, or nalbuphine, was administered.

Outcome Measures

All variables were sourced directly from electronic health records. The primary endpoint was the incidence of moderate-
to-severe pain on postoperative day 7 following TA-BSM, defined as a VAS score greater than 3 on that day, encom-
passing moderate pain (VAS scores of 4—6) and severe pain (VAS scores of 7-10).

Secondary outcomes encompassed total morphine consumption during the first 48 hours following surgery, with all
analgesics standardized to their oral morphine equivalent (OME) for the final analysis.® Other secondary outcomes
included the frequency of rescue analgesic administration for inadequate analgesia, VAS scores at 48 hours post-
operatively, postoperative quality of recovery measured by Quality of recovery-15 (QoR-15) scores on
postoperative day 7, and the length of hospital stay. The mean arterial pressure (MAP) data at five intraoperative time
points were also analyzed: P1 = pre-induction, P2 = five minutes post-tracheal intubation, P3 = immediately pre-incision,
P4 = five minutes post-incision, and P5 = five minutes post-placement of the rib spreader.

Statistical Analysis
Statistical analyses were performed using SPSS version 22.0. Continuous variables were expressed as means (standard
deviations) or medians (interquartile ranges), depending on whether the data distribution was normal, as determined
using the Kolmogorov—Smirnov test. Baseline characteristics between groups were balanced using inverse probability of
treatment weighting (IPTW). The propensity score was determined using binary logistic regression analysis based on
whether TPVB was administered, incorporating all relevant variables. All data in the CON group were weighted as 1/
[1-propensity score]. The weighted values were used for the subsequent analysis with an IPTW tag or a weighted tag.
Baseline differences between groups were evaluated using the standardized mean difference (SMD), with a threshold
of >0.1 deemed clinically significant. After IPTW analysis, baseline covariates were balanced, all with an SMD <0.1.
Robust Poisson regression analysis was conducted to explore the primary outcome: risk of moderate-to-severe pain on
the seventh postoperative day after TA-BSM. Univariable regression models were used to assess the associations between
postoperative pain outcomes and potential predictors, including patient age, gender, BMI, ASA status, whether TPVB
was administered, duration of anesthesia, and resected grams of myocardium. Candidate variables were selected based on
established pain-associated factors from prior literature and clinically relevant parameters identified through expert
consensus. A multivariable model was constructed incorporating variables with a univariable P <0.1. The final adjusted
relative risk (RR) was obtained via the IPTW analysis. Alternative analytical methods were applied to secondary
endpoints, with the choice of ¢-tests, Mann—Whitney U-tests, or chi-square tests determined by the nature and distribution
of the observed data. All results were recalculated after IPTW. Statistical significance was defined as P <0.05.
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Hemodynamic comparisons utilized Mann—Whitney U-tests with Bonferroni correction (P <0.01 indicating significance).
Median difference (MD), rate difference (RD) and 95% confidence interval (CI) were calculated.

Results

Patient Recruitment

A total of 197 patients were initially enrolled and evaluated in the study. 61 patients were excluded based on the
exclusion criteria. After these exclusions, 136 patients remained: 76 (55.9%) in the CON group and 60 (44.1%) in the
TPVB group (Figure 1).

Baseline Characteristics

The demographic and perioperative characteristics of patients are summarized in Table 1. TPVB did not significantly
influence these baseline features. Further analysis showed SMD values>0.1 for age, gender, and BMI between the groups
(Table 1). Following IPTW adjustments, the variables were well-balanced across both cohorts (Table 2).

Patients enrolled for TA-BSM surgery from April 1 to September 30, 2023 n = 197

Not assessed for age <18 n=24

Assessed for eligibility n = 193

Excluded (Total=57)

1. Opting out of PCA postoperatively n =43
2. Undergoing additional surgical procedures
*  Mitral valve n==6
*  Coronary artery n=3
*  Mediastinum n=1
+  Aortic valve n=1
* Interventricular septum n=1
3. Requiring CPB during surgery n=2

Total recruited n = 136

76
60

Allocated to CON group
Allocated to TPVB group n

>
1]

Figure | Flow diagram for enrolling patients.
Abbreviations: CON, control group; CPB, cardiopulmonary bypass; PCA, patient-controlled analgesia; TPVB, thoracic paravertebral block group.
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Table | Demographic and Perioperative Characteristics

CON (n=76) TPVB (n=60) P SMD
Demographic Characteristics
Age (year) 49.5 (36.2-60) 48 (33-59) 0.412 | 0.120
Gender 0.308 | 0.176
Male 52 (68.4%) 36 (60%)
Female 24 (31.6%) 24 (40%)
BMI 24.9 (3.3) 24 (34) 0.132 | 0.262
ASA 0.976 | 0.005
1l 34 (44.7%) 27 (45%)
1 42 (55.3%) 33 (55%)
Perioperative characteristics
Resected myocardium (g) 5 (3.6-6.6) 5.4 (2.8-7.2) 0.688 | 0.049
Duration of anesthesia (minutes) | 177.5 (150-208.8) | 180 (155.5-194) | 0.649 | 0.001

Note: Data are presented as mean (SD), median (IQR) or number (%).
Abbreviations: ASA, American society of anesthesiologists; BMI, body mass index; CON, control group; SMD,
standardized mean difference; TPVB, thoracic paravertebral block group.

Table 2 Demographic and Perioperative Characteristics by IPTW*

CON TPVB P SMD

Demographic Characteristics
Age (year) 48(36-59) 49(34-59) 0.763 | 0.001
Gender (female) 47(34.6%) 47(34.8%) 0.965 | 0.003
BMI 24.5(3.4) 24.5(3.4) 0.989 | 0.002
ASA (gradelll) 77(56.6%) 77(57%) 0.944 | 0.001

Perioperative characteristics
Resected myocardium (g) 5(3.7-6.8) 5.4(2.8-7) 0.830 | 0.002
Duration of anesthesia (minutes) | 180(150-204.6) | 180(156.9—-193.1) | 0.337 | 0.003

Notes: Data are presented as mean (SD), median (IQR) or number (%). *The propensity score was estimated
using binary logistic regression of whether performed TPVB with all variables. All data in the CON group were
weighted (I/[1—propensity score]).

Abbreviations: ASA, American society of anesthesiologists; BMI, body mass index; CON, control group;
IPTW, inverse probability of treatment weighting; SMD, standardized mean difference; TPVB, thoracic para-
vertebral block group.

Primary Outcome
The rate of moderate-to-severe pain associated with exercise on the seventh postoperative day after TA-BSM was
markedly lower in the TPVB group than in the CON group (51.7 vs 71.1; MD, —19.4[95% CI, —35.9 to —2.9], P =0.02).
This difference remained consistent post-IPTW adjustment (52.6 vs 70.1; MD, —17.6 [95% CI, —29.1 to —6.2], P =0.003).
Independent risk factors with P <0.1, including TPVB administration status and age were identified through univariate
regression and included in the multivariate analyses. Robust Poisson regression indicated that participants receiving TPVB
experienced a lower RR of moderate-to-severe pain than those in the CON cohort, with adjusted RR remaining stable before and
after IPTW adjustment (0.739 [95% CI, 0.559 to 0.976], P =0.033 vs 0.748 [95% CI, 0.565 to 0.990], P =0.043) (Tables 3 and 4).
This robust regression model has statistically significant (likelihood ratio 5> = 7.580, P =0.023). Meanwhile, the ratio of the
deviance to degrees of freedom is 1.166, indicating a good fit without overdispersion issues. Sensitivity analysis (including re-
inclusion of all confounding factors and re-analysis with binary logistic regression, odds ratio is 0.445 [95% CI, 0.216-0.916],
P =0.028) further confirmed that the association between the main exposure factor (TPVB use) and the outcome (moderate-to-

severe pain) remained stable.
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Table 3 Risk of Moderate-to-Severe Pain on the 7" Postoperative Day After TA-BSM?

Unadjusted Adjusted® Adjusted®
RR (95% CI) P RR (95% CI) P RR (95% CI) P

Primary exposure

TPVB 0.727 (0.548-0.966) | 0.028 | 0.739 (0.559-0.976) | 0.033 | 0.746 (0.563-0.990) | 0.043
Confounders

Age 1.011 (1.002—-1.020) | 0.019 | 1.011(1.002-1.020) | 0.021 | 1.008 (0.994-1.022) | 0.249
Gender 1.107 (0.851-1.439) | 0.448 1.000 (0.743—1.344) | 0.998
BMI 1.016 (0.975-1.059) | 0.444 1.009 (0.966—1.053) | 0.695
ASA 1.220 (0.929-1.602) | 0.152 1.044 (0.734-1.484) | 0.811
RM 0.960 (0.911-1.010) | 0.117 0.973 (0.923-1.026) | 0.313
DA 1.001 (0.998-1.005) | 0.356 1.002 (0.999-1.005) | 0.193

Notes: *RR (95% Cl) was obtained using robust Poisson regression. ®Multivariable regression analysis adjusted by TPVB and age,
according to the results of univariate regression analysis (P<0.1). “Multivariable regression analysis adjusted by all variables.
Abbreviations: ASA, American society of anesthesiologists; BMI, Body mass index; DA, duration of anesthesia; RM, resected
myocardium; TA-BSM, transapical beating-heart septal myectomy; TPVB, thoracic paravertebral block.

Table 4 Risk of Moderate-to-Severe Pain on the 7" Postoperative Day After TA-BSM by IPTW?

Unadjusted Adjusted® Adjusted®
RR (95% CI) P RR (95% CI) P RR (95% CI) P

Primary exposure

TPVB 0.749 (0.562-0.998) | 0.048 | 0.748 (0.565-0.990) | 0.043 | 0.752 (0.567-0.996) | 0.047
Confounders

Age 1.011 (1.001-1.021) | 0.026 | 1.011 (1.002-1.021) | 0.022 | 1.012 (0.997-1.026) | 0.112
Gender 1.130 (0.860-1.485) | 0.379 0.979 (0.716-1.337) | 0.892
BMI 1.009 (0.966—1.055) | 0.685 1.005 (0.960-1.052) | 0.829
ASA 1.173 (0.883-1.559) | 0.271 0.960 (0.665—1.385) | 0.825
RM 0.966 (0.917-1.018) | 0.195 0.983 (0.931-1.038) | 0.533
DA 1.001 (0.998-1.005) | 0.384 1.002 (0.999-1.005) | 0.217

Notes: *The propensity score was estimated using binary logistic regression of whether performed TPVB with all variables. All data in
the CON group were weighted (I/[1-propensity score]). RR (95% Cl) was obtained using robust Poisson regression. °Multivariable
regression analysis adjusted by TPVB and age, according to the results of univariate regression analysis (P<0.l). “Multivariable
regression analysis adjusted by all variables.

Abbreviations: ASA, American society of anesthesiologists; BMI, Body mass index; IPTWV, inverse probability of treatment weighting;
DA, duration of anesthesia; RM, resected myocardium; TA-BSM, transapical beating-heart septal myectomy; TPVB, thoracic para-
vertebral block.

Secondary Outcomes
OMEs administered via PCA during the initial 48 hours post-surgery were significantly lower in the TPVB group than in
the CON group (225 vs 195; MD, 34.5 [95% CI, 21 to 48]; P <0.001) (Table 5).

Table 5 illustrates that no statistical disparities were observed in the residual indicators, including rescue interventions
(within 48 hours), VAS scores (both at rest and during coughing at 48 hours), QoR-15 scores (on postoperative day 7),
incidence of moderate-to-severe pain at rest (on postoperative day 7), and length of hospital stay (postoperative).

The differences in MAP at the five intraoperative time points are illustrated in Figure 2. As shown in Figure 2A, the MAP
readings for the TPVB group were considerably lower than those for the CON group at P4 (MD, 8[95% CI, 5 to 11];
P <0.001) and PS5 (MD, 6[95% CI, 3 to 10]; P <0.001). Furthermore, as shown in Figure 2B, these results remained
consistent following IPTW adjustment, P4 (MD, 8[95% CI, 6 to 10] P <0.001) and P5 (MD, 6[95% CI, 4 to 9]; P <0.001).
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Table 5 Postoperative Differences Between the Two Groups

Unweighted Weighted
CON (n=76) TPVB (n=60) P CON TPVB MD or RD (95% CI) P
OMEs of PCA (48 hours), mg 225.8 (187.5 to 275.6) 195.8 (159.4 to 226.1) | 0.002 | 225 (187.5 to 275.4) 195 (160.4 to 225) 34.5 (21 to 48) <0.001
Rescue situation (48 hours) 0.620 0.429
No need, No. (%) 22 (28.9%) 15 (25%) 0.608 39 (28.7%) 34 (25.2%) 3.9 (-6.8 to 14.5) 0.517
NSAIDs, No. (%) 8 (10.5%) 11 (18.3%) 0.192 16 (11.8%) 25 (18.5%) —74 (159 to I.1) 0.115
Combined NSAIDs and opioids, No. (%) 22 (28.9%) 17 (28.3%) 0.937 37 (27.2%) 38 (28.1%) —1.1 (-11.8 t0 9.7) 0.862
Opioids skipping NSAIDs, No. (%) 24 (31.6%) 17 (28.3%) 0.682 44 (32.4%) 38 (28.1%) 4.6 (—6.4 to 15.6) 0.428
VAS scores at rest (48 hours) 2 (I to 3) 2 (2to 3) 0.688 2 (I to 3) 2 (2to3) 0 (0 to 0) 0.462
VAS scores while coughing (48 hours) 4 (3 to 6) 5 (4 to 6) 0618 4 (3to6) 54 to6) 0 (-1 to 0) 0.388
QoR scores (7th day) 134.5 (125 to 140) 135 (128 to 138.8) 0.928 135 (125.5 to 140) 135 (128 to 139) 0(2to?2) 0.977
Moderate-to-severe pain at rest (7th day), No. (%) 8 (10.5%) 5 (8.3%) 0.666 14 (10.3%) Il (8.1%) 1.9 (-5 to 8.9) 0.542
Postoperative length of stay, d 10 (8.2 to 12) 11 (9to 12) 0.271 10 (9 to 12) Il (9to12) 0 (-1 to 0) 0.209

Abbreviations: CON, control group; MD, median difference; OMEs, oral morphine equivalents; PCA, patient-controlled analgesia; QoR, quality of recovery; RD, rate difference; TPVB, thoracic paravertebral block group; VAS, visual

analogue scale.
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Figure 2 (A) Perioperative differences of MAP between the two groups. (B) Perioperative differences of MAP between the two groups by IPTW. Data are expressed as
median (horizontal bar), interquartile range (box) and the maximum and minimum values (whiskers). Mann—Whitney U-test was used for comparison between groups, and
*P <0.01 (Bonferroni correction) was considered significant.

Abbreviations: CON, control group; IPTW, inverse probability of treatment weighting; MAP, mean arterial pressure; TPVB, thoracic paravertebral block group; Pl, pre-
induction; P2, five minutes post-tracheal intubation; P3, immediately pre-incision; P4, five minutes post-incision; P5, five minutes post-placement of the rib spreader.

Discussion

This study demonstrated that administering a single TPVB prior to TA-BSM significantly reduces the incidence of
exercise-related moderate-to-severe pain on post-TA-BSM day 7, with an adjusted RR of 0.748 [95% CI, 0.565 to 0.990]
after application of IPTW. Furthermore, a significant reduction in PCA dosage was observed in the TPVB group
compared to the CON group during the initial 48 hours post-TA-BSM.

As a technique for multimodal and opioid-sparing analgesia, TPVB aligns with the trends in enhanced recovery after
cardiac surgery (ERACS) protocols and opioid stewardship initiatives. This reliable regional anesthesia technique is
widely employed in various thoracic surgeries, particularly breast procedures, as it provides comprehensive pain relief
while reducing opioid consumption.” "' A study found that TPVB reduces immediate postoperative pain, with a 73%
decrease in morphine consumption.'? Another study demonstrated that patients in the TPVB group received a lower dose
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of tramadol hydrochloride (221 + 45 mg vs 250 + 38 mg).'? Although the numerical results of different studies are
difficult to compare directly, the role of TPVB in postoperative analgesia has been confirmed by a large number of
studies. The surgical incision for TA-BSM, which is comparable to that used in thoracoscopic surgery, is typically located
at the fifth intercostal space along the midclavicular line on the left side. Our findings further corroborate that TPVB
could benefit patients undergoing TA-BSM, and patients in the TPVB group demonstrated a significant decrease in the
PCA dosage.

Although opioid use was reduced, there were no significant differences in QoR-15 and length of hospital stay. This
might be related to prompt rescue analgesia measures. To ensure adequate patient comfort in the CON group, standard
anesthesia protocols included local infiltration around the incisions and prompt rescue analgesia measures. Consequently,
no statistically significant differences were observed between the groups in terms of VAS scores both at rest and during
coughing 48 hours post-surgery, indicating adequate pain management. This finding contrasts with those of previous
studies that investigated the varying postoperative pain scores following TPVB during the early postoperative phase.”"'*
However, the reduction in PCA dosages observed in our study supports TPVB’s potential for effective postoperative pain
management.

Minimally invasive cardiac surgery facilitates accelerated postoperative recovery; however, management of post-
operative pain remains a significant concern. This perspective has been corroborated by other studies, including those
focusing on minimally invasive mitral valve repair.'> While hospitalized patients may receive substantial doses of
analgesics for acute pain relief, challenges arise upon discharge when activity limitations due to persistent discomfort
adversely affect their daily functioning and overall quality of life. The effect of inadequate pain management in the
emergency department has been reported.'® Pain management after discharge, especially transitional pain services during
the first week, should be evaluated from new perspectives.!” Our study primarily focused on evaluating pain scores on
the 7th postoperative day, a critical time point for assessing patient discharge readiness, as many patients are discharged
from the second day onward. While resting pain levels remained relatively low among participants undergoing this
procedure, a marked increase was noted in instances involving severe exertional pain, which correlated with the
administration of TPVB. It is important to distinguish between movement-evoked pain versus pain at rest.'®'?
Hospitalized patients typically remain bedridden for extended periods, resulting in minimal manifestation of resting
pain. However, following discharge, engagement in daily activities becomes necessary, making movement-evoked pain
a clinically significant concern that warrants careful assessment. This prompted us to focus on assessing the occurrences
related specifically to moderate-to-severe movement-evoked distress as pivotal indicators guiding decisions regarding
discharge preparedness.

Furthermore, our findings suggest that TPVB can effectively reduce stress levels in patients during the perioperative
period. Given that TA-BSM requires heart rate (HR) control through the administration of esmolol, no significant
differences in HR were expected between the two groups; however, MAP was significantly lower in the TPVB group
than in the CON group at P4 and P5. This indicates that TPVB may alleviate the stress associated with skin incision and
rib spreader placement.

During TPVB administration, ultrasound-guided visualization is crucial to minimize complications, such as vascular
injury and inadvertent epidural injection. Heparinization plays a critical role in TA-BSM. Therefore, meticulous attention
must be directed toward preventing vascular injuries that could lead to hemorrhage from compromised vessels after
heparinization, potentially resulting in additional complications. Intercostal nerve and serratus anterior plane blocks may
serve as viable alternatives.’>*' Currently, comparative studies of regional anesthesia techniques such as TPVB and
Erector Spinae Plane Block have demonstrated varying outcomes, providing novel perspectives for optimizing post-
operative analgesia and highlighting the variability in therapeutic efficacy among these regional block approaches.”**2?

This study has three primary limitations. First, the single-center retrospective design inherently precludes randomiza-
tion of TPVB administration, potentially introducing selection bias caused by non-standardized application criteria used
by clinicians. Second, the absence of longitudinal follow-up data precludes assessment of the enduring effects of TPVB
on chronic pain development post-TA-BSM. Finally, the observational nature of the study restricts causal inference
regarding the mechanistic pathways of TPVB’s opioid-sparing effects and pain state modulation.
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This study suggests a significant difference in exercise-related pain levels after TA-BSM among patients receiving
TPVB despite the administration of adequate rescue analgesia. The specific mechanisms underlying these findings
warrant further investigation, given the retrospective nature of this study, and the role of reduced opioid doses within
this mechanism is noteworthy. Multimodal analgesia reportedly reduces opioid use after thoracic surgery, thus further
reducing opioid use after discharge. A recent randomized controlled study identified hypothermia as a possible novel risk
factor associated with TPVB, noting that participants who underwent this procedure had considerably reduced body
temperatures.”* Although hypothermia can serve as a protective mechanism for organs during cardiac surgery, this raises
important questions regarding the application of TPVB in TA-BSM and necessitates further investigation.

Conclusion

This study demonstrates that TPVB improves postoperative analgesia in patients undergoing TA-BSM, with significantly
lower PCA opioid use and better perioperative stress control. Notably, TPVB is associated with reduced exercise-related
pain, highlighting its value during ERACS. Given the limitations of retrospective designs, prospective randomized
controlled trials with systematic long-term follow-up are needed to assess TPVB’s impact on chronic postoperative pain
and persistent opioid use. Linking the morphine equivalent threshold with clinical recovery outcomes may have greater
clinical meaningfulness. However, these findings support integrating TPVB into multimodal analgesia for TA-BSM,
alongside standardized protocols and further mechanistic research to help optimize its use.
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