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Abstract

Background: Post-thoracotomy pain is a significant concern; effective analgesia is crucial for recovery. Thoracic epidural analgesia (TEA) is widely 
regarded as the reference technique following open thoracotomy; however, if TEA is contraindicated, catheter-based wound infiltration (CBWI) 
emerges as a viable alternative.

Methods: Retrospective, single-center cohort study of consecutive adults who underwent elective thoracotomy. Intensity of pain was measured 
using a verbal numerical rating scale (VRS; 0-10) at rest and during coughing/deep breathing at predetermined time points: t0 (ICU arrival), t1 
(6 hours), t2 (12 hours), t3 (24 hours), t4 (48 hours), and t5 (72 hours). Analyses employed linear mixed-effects models (group, time, random 
intercept for subject), adjusted for age, sex, ASA, surgical approach, anticoagulation therapy, chronic pain.

Results: Data set included 81 patients (28 female, 53 male), of these 41 received TEA, 40 CBWI. In CBWI group, conversion from video-assisted to 
open thoracotomy occurred in 16 cases. Across t0-t5, NRS trajectories exhibited substantial similarity between groups with small between‑group 
disparities at discrete time points. Systemic co‑analgesic use was higher in CBWI, while serious adverse events were uncommon in both groups. 
Duration of catheter use was comparable (PDC: 92±27h, CBWI: 83±59h), although total ropivacaine doses differed (TEA: 1067±468mg, CBWI: 
878±182mg).

Conclusions: In this real‑world cohort, CBWI emerged as a feasible alternative when TEA was contraindicated or declined. Given the observational 
design and potential confounding by indication, estimates should be interpreted with caution and in the context of randomized evidence that 
favors TEA over subpleural/intercostal approaches after thoracotomy.
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Preliminary results of the study have been presented as an electronic poster presentation at the DGAI Annual Meeting 2024, September 10th. 
- 14th., Kassel, Germany (DOI:10.13140/ RG.2.2.21433.38246) and as oral presentation at the 2024 DGT Annual Meeting. Zentralbl Chir 149 
(2024), S01, S99-S100 (DOI 10.1055/s-0044-1788120)

Introduction

In thoracic surgery, thoracotomy remains an essential 
approach despite the growing adoption of minimally invasive 
techniques, including video- or robot-assisted thoracoscopic  

 
surgery. However, thoracotomy is among the most painful surgical 
procedures, comparable to laparotomy and mastectomy [1]. 
Contributors to this high pain burden include rib retraction or 
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resection, rib fractures, intercostal nerve injuries, and pleural 
irritation from chest tubes. The absence of postoperative epidural 
analgesia, female sex, preexisting opioid therapy, and chronic pain 
are among the strongest risk factors for higher postoperative pain 
intensity. In addition, antidepressant use has been identified as 
an independent risk factor for elevated pain levels [2]. Effective 
analgesia, together with preoperative patient education, improves 
patient satisfaction and is a key prerequisite for implementing 
fast-track or enhanced recovery after surgery (ERAS) pathways 
[2-6].

Inadequate analgesia after thoracic surgery is associated 
with an increased risk of postoperative complications and may 
exacerbate existing comorbidities. In patients with coronary 
artery disease, which is common in thoracic surgical populations, 
insufficient pain control increases the risk of coronary 
complications [1]. Moreover, thoracic pain can cause splinting 
with reduced inspiratory effort and impaired cough, thereby 
promoting postoperative pulmonary complications [7]. Chronic 
postsurgical pain is common and can substantially impair quality 
of life. A high incidence of chronic pain has been reported after 
both thoracotomy and thoracoscopy, with rates varying by the 
analgesic regimen used [7-12].

These considerations underscore the importance of 
effective pain management as a primary goal of perioperative 
care. Regional anesthesia techniques, particularly thoracic 
epidural analgesia (TEA), are considered the gold standard for 
post-thoracotomy pain control. However, TEA is not feasible 
for all patients [13]. Contraindications include patient refusal, 
anatomic or pathophysiological limitations, and perioperative 
anticoagulation. In addition, more than 10% of planned video-
assisted thoracoscopic surgeries (VATS) require conversion to 
open thoracotomy, which can make preoperative placement of an 
epidural catheter (peridural catheter [PDC]) impractical [14,15]. 
TEA also requires an anesthesiology-led acute pain service [16], 
which increases resource use and costs.

As an alternative, an extrapleural catheter placed 
intraoperatively at the surgical site enables continuous catheter-
based wound infiltration (CBWI) with local anesthetics [17,18]. 
This approach has been proposed as a cost-effective and clinically 
viable substitute for TEA; however, further studies are needed to 
clarify its role in thoracic surgery analgesia [17,19-22]. This clinical 
study evaluates continuous postoperative pain management 
strategies in thoracic surgery. Specifically, it compares TEA with 
wound infiltration analgesia delivered via an intercostal catheter 
connected to an elastomeric pump that continuously administers 
a fixed dose of local anesthetic.

We did not test a noninferiority hypothesis; instead, we 
estimated covariate-adjusted between-group differences over 
time and interpreted them descriptively given potential residual 
confounding. The null hypothesis (H0) was that catheter-based 
infiltration analgesia does not differ from TEA with respect to 
postoperative pain intensity. The alternative hypothesis (H1) 

was that postoperative pain intensity differs between the two 
pain management strategies during the postoperative period. 
The primary outcome was postoperative pain intensity, assessed 
using a verbal numeric rating scale (VRS; 0-10) at rest and 
during coughing/deep breathing at pre-specified time points 
postoperatively.

Patients and Methods

We conducted a retrospective, single-center cohort study at the 
Department of Cardiac and Thoracic Surgery, Otto-von-Guericke-
University Magdeburg (Saxony-Anhalt, Germany), including 
consecutive adult patients undergoing elective thoracotomy 
(Figure 1). Study design and reporting: Retrospective, single-
center cohort of consecutive thoracotomy patients; reporting 
followed the STROBE statement. Outcomes and time points 
(harmonized): The primary outcome was postoperative pain 
intensity on the 0-10 numeric rating scale (VRS), assessed at rest 
and during coughing/deep breathing. Time points were t0 (ICU 
arrival), t1 (6 h), t2 (12 h), t3 (24 h), t4 (48 h), and t5 (72 h). 
Measurements obtained within ±2 h were assigned to the nearest 
prespecified time point.

Ethical Considerations

The retrospective data analysis was approved by the Ethics 
Committee of Otto von Guericke University Magdeburg, Germany, 
based on the ethical approval for querying and analyzing 
perioperative patient data from the “Multicenter Registry for 
the Collection of Pseudonymized Patient Data in the Context of 
Thoracic Surgery” (Thorax Registry, https://www.thoraxregister.
de/), which was granted by the Ethics Committee of Witten/
Herdecke University, Germany (64/2014).

The study was conducted in accordance with the STROBE 
guidelines [23], the principles of the Declaration of Helsinki 
[24,25], and the data protection regulations of the state of Saxony-
Anhalt, Germany. Anesthetic and thoracic surgical care adhered to 
established clinical standards. Exclusion criteria were acquired 
or congenital coagulopathy, sepsis, shock, severe hypovolemia, 
elevated intracranial pressure, meningitis, encephalitis, or specific 
neurologic disorders without prior documentation. Patients 
lacking required preoperative testing (spirometry or arterialized 
capillary blood gas analysis on room were also excluded. Additional 
exclusion criteria included infection at the puncture site, allergy 
to the local anesthetics used, selected cardiovascular conditions 
(severe aortic valve stenosis, intracardiac shunt, or pulmonary 
hypertension), decompensated liver disease, pregnancy, or female 
patients without a documented negative pregnancy test.

Intraoperative Management

Before surgery, all patients underwent a standardized 
preanesthesia assessment, including counseling and physical 
examination by an anesthesiologist. Prior to induction, a peripheral 
intravenous catheter and an arterial line were placed under local 
anesthesia (2 mL lidocaine 1%). Continuous monitoring included 
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pulse oximetry and electrocardiography. General anesthesia was 
induced in a weight-adjusted manner with sufentanil (15-30µg; 
0.1-0.3 µg·kg⁻¹), propofol (1.0-1.5 mg·kg⁻¹), and rocuronium (0.6-
0.9 mg·kg⁻¹). Intraoperative fluid therapy consisted of crystalloids. 
Prophylactic antibiotics included a single dose of cefuroxime 
1.5g, and dexamethasone 0.1mg·kg⁻¹ was administered for 
postoperative nausea and vomiting prophylaxis. After orotracheal 
intubation with a double-lumen endotracheal tube, pressure-
controlled mandatory ventilation was initiated with a tidal volume 
of 6-8mL·kg⁻¹, FiO₂ 0.6, and PEEP 6 cmH₂O. Respiratory rate was 
adjusted to maintain normocapnia (PaCO₂ approximately 40-45 
mmHg). A central venous catheter was placed in the ipsilateral 
internal jugular vein. Urine output and body temperature were 
continuously monitored via a urinary catheter.

To maintain anesthesia, inhalation of desflurane or sevoflurane 
(~ 0.3 - 0.6 MAC) or continuous infusions of propofol 2 % (4 mg·kg-
1·h⁻¹) were used as well as remifentanil (0.2-0.3 µg·kg⁻¹·min⁻¹) or 
repeated bolus injections of sufentanil (10 - 15 µg) as required, 
which were continued until extubation. After thoracic surgery, 
all patients were transferred to a postoperative monitoring unit 
(ICU) for at least 24 hours of intensive observation. Postoperative 
monitoring included continuous assessments of vital parameters 
and pain evaluation at defined intervals every 4 - 6 hours over 
five observation time points (t₀ upon admission, t₅ at discharge). 
From the first postoperative day onward, pain intensity scores 
were documented once daily until discharge (t₀ at admission to 
the general ward, t₅ at discharge).

Catheter-based Pain Protocols

For TEA catheters infusions contained ropivacaine 0.2 % and 
sufentanil 1 µg/ml administered as an initial bolus of 6 ml followed 
by infusion rates of 6 - 8 ml/h (TEA). Wound infiltration catheters 
(InfiltraLong®, and FuserPump®, PAJUNK Ltd., Geisingen, 
Germany) were filled with ropivacaine 0.2 % at infusion rates of 
6 -8 ml/h, following an intraoperative bolus of 20 ml ropivacaine 
0.75 % (CBWI, (figure 2)).

Data Collection

Perioperative data were extracted from the electronic patient 
record of the Department of Cardiac and Thoracic Surgery at Otto-
von-Guericke University Magdeburg, Germany. Additional variables 
were obtained from the German Thoracic Registry including 
procedure type and extent, emergency classification, laboratory 
data, comorbidities, postoperative pain records. Supplemental 
data were retrieved from the electronic anesthesia protocols and 
laboratory report forms, including demographic data (age, height, 
weight), risk classification (ASA status), individual risk factors 
(e.g., smoking, alcohol abuse), preoperative spirometry results, 
blood gas values (PaO₂, PaCO₂, SaO₂, oxygenation index).

Statistical Analysis

Data were analyzed using SPSS for Windows (IBM SPSS 
Statistics, Version 28, Armonk, NY, USA) and graphically presented 

using SigmaPlot, Version 15.0, (Systat Software Inc., San Jose, CA, 
USA). The primary outcome was defined as postoperative pain 
intensity, assessed in the ICU using a verbal numeric rating scale 
(VRS; 0-10) at rest. An a priori power analysis indicated a required 
sample size of at least 52 patients, assuming a two-sided study 
design, an effect size of 1, an α - error of 0.05, and a power (1 − 
β) of 0.95. Secondary outcome parameters included reintubation 
rate, incidence of surgical complications, duration of the patient’s 
stay in the intensive care unit, total hospitalization duration, 30-
day mortality and patient status after seven weeks.

Categorical variables are reported as counts and percentages. 
Continuous variables are summarized using measures of central 
tendency and dispersion. Normality was assessed with the 
Shapiro-Wilk test, and homogeneity of variances with Levene’s 
test. Normally distributed variables presented as mean±SD. 
Non-normally distributed variables were analyzed using 
nonparametric tests (Mann-Whitney U or Kruskal-Wallis tests) 
and visualized with boxplots (median, mean, interquartile 
range, and 5th-95th percentiles). NRS trajectories were modelled 
with linear mixed‑effects models (random intercepts for 
participants; fixed effects for group, time, and group×time). A 
priori adjustment: age, sex, ASA class, surgical approach (open 
vs VATS conversion), anticoagulation/antiplatelet therapy, and 
chronic pain/neurological comorbidity. Sensitivity analyses used 
inverse probability of treatment weighting (propensity scores) 
to mitigate confounding by indication. Time-specific contrasts 
were adjusted for multiplicity using the Holm-Bonferroni method. 
Non‑inferiority testing was not performed due to the absence of 
a pre‑specified margin and the retrospective design. A two-sided 
significance level of α = 0.05 (p < 0.05) was used for all statistical 
tests.

Results

The study included 82 consecutive thoracic surgery patients: 
41 in the TEA group and 40 in the catheter-based wound infiltration 
(CBWI) group. One patient was excluded because of incomplete 
data (Figure 1). Reasons for CBWI rather than a thoracic epidural 
catheter were conversion from VATS to open thoracotomy (n=16), 
refusal of epidural placement (n=11), contraindication due to 
ongoing anticoagulant therapy (n=10), and technical failure 
(n=3). Demographic, biometric, and general operative variables 
stratified by group are summarized in (Table 1). No statistically 
significant between-group differences were observed. However, 
neurologic comorbidities (e.g., prior stroke or polyneuropathy) 
and preoperative laboratory values-predominantly coagulation 
parameters-were more frequent/abnormal in the CBWI group.

Preoperative Characteristics

Preoperative lung function was within age-appropriate 
reference ranges in all patients. Overall, 11 patients were taking 
psychotropic medications and 13 were receiving analgesics 
preoperatively; distributions were similar between groups.
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Surgical Indications and Intraoperative Procedures

Primary surgical indications included pulmonary lesions (e.g., 
cysts, primary lung tumors, carcinoid tumors, or metastases), 
diaphragmatic repair, and pleural empyema (Table 2). Indications 
did not differ between groups. In total, 48 right-sided and 33 
left-sided thoracotomies were performed; lobectomy (n=36) 
and segmentectomy (n=19) were the most common procedures. 
Intraoperative anesthetic use and operative variables are reported 
in (Tables 3, 4).

Postoperative Pain

On ICU admission, 25 patients in the TEA group and 24 in the 
CBWI group reported pain on the VRS (0-10); five patients in each 
group were not yet extubated. Overall, 22 patients were pain-free 
(VRS=0), and the cohort median VRS score was 3.3. Pain intensity 
and trajectories across the ICU time points were comparable 
between groups (Table 5). At time point t3, patients in the TEA 
group reported higher pain scores (Figure 3), while more CBWI 
patients received metamizole; opioid dosing was similar (Table 6). 
After transfer to the general ward, 17 patients in the TEA group 
and 11 in the CBWI group reported pain (VRS>0), meaning that 
53 patients were pain-free overall. The cohort median VRS score 
was 1; among patients reporting pain, the mean score was 3. Pain 
intensity and trajectories from t1 to t5 did not differ between 
groups (Table 7, Figure 4). At discharge, the mean pain score 
for the entire cohort was 2.1, with no significant between-group 
difference.

Additive Analgesia in ICU and Ward

In the ICU, 14 patients received metamizole, and 41 received 

additional opioids (Table 6). On the general ward, CBWI patients 
received a higher total dose of ropivacaine (712±431mg) than TEA 
patients (443±226mg; p<0.01). Metamizole consumption was also 
higher (TEA vs CBWI: 22±17g vs 31±19g; p=0.034), as was opioid 
consumption (TEA vs CBWI: 84±120mg vs 178±192 g; p=0.063). 
Epidural sufentanil reduced the required dose of local anesthetic 
(ropivacaine 405±334mg with sufentanil 83±87µg vs ropivacaine 
518±324mg; p<0.01). Mean catheter duration was 92±27 hours 
in the TEA group and 83±59 hours in the CBWI group (p=0.389).

Adverse Events

Monitored adverse events included pulmonary complications, 
reintubation, therapy-related side effects (e.g., nausea, arterial 
hypotension, pruritus), delirium, tolerance of oral intake, and 
early postoperative mobilization. Across these outcomes (Table 
8), no clinically meaningful differences were observed between 
groups. No severe complications occurred, including epidural 
hematoma, infection, or local anesthetic systemic toxicity.

Postoperative Follow-Up

Patients returned for outpatient follow-up at a mean of 43 
days after discharge. Outcomes included surgical status, wound 
complications, paresthesia in the surgical area, and persistent 
pain. No major wound complication requiring reoperation 
occurred. Persistent pain VRS>0), typically mild to moderate, was 
reported by 41 patients (51%), with a median VRS score of 3 and 
no significant between-group difference. Postoperative analgesics 
included metamizole in 37 patients (46%) and long-acting opioids 
in five patients; postoperative analgesic use did not differ between 
groups.

Table 1: Preoperative demographic data and comorbidities.

Variable TEA group 
n = 41

CBWI group 
(n = 40) p

Age [a] 61 ± 14 65 ± 10 0.15
Male / female [n] 23 / 18 30 / 10 0.074

Height [cm] 174 ± 10 175 ± 10 0.525
Weight [kg] 78 ± 19 82 ± 22 0.38
BMI [kg/m2] 21.2 ± 9.2 23.6 ± 14.5 0.38

ASA II 15 10
ASA III 23 25 0.456
ASA IV 3 5

Smoker [n] 15 15 0.932
Alcohol/drug abuse [n] 2 3 0.624

Recent infections [n] 7 9 0.54
Arterial hypertension [n] 29 26 0.581

Coronary heart disease [n] 14 13 0.875
LV-EF < 40 % [n] 16 11 0.32
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Sinus rhythm [n] 32 30 0.746
Neurological disorder [n] 3 11 0.016*

Asthma/COPD [n] 19 13 0.203
Liver disease [n] 5 6 0.713

Renal insufficiency [n] 18 12 0.195
Lipid metabolism disease [n] 18 11 0.124

Diabetes mellitus [n] 6 6 0.963
Thyroid disease [n] 6 11 0.155

Lab data outside normal ranges [n] 10 24 0.001*
(ASA American Society of Anesthesiologists classification, BMI body mass index, CBWI catheter-based wound infiltration, LV-EF left-ventricular 
ejection fraction, TEA thoracic epidural analgesia).

Table 2: Surgical procedures.

Interventions [n] TEA group 
n = 41

 CBWI group 
(n = 40) p

Right thoracotomy 27 21 0.868
Left thoracotomy 14 19  

Lobectomy 21 15 0.909
Segmental resection 9 10  

Wedge resection 2 6  

Decortication 4 3  

Rib resection 2 2  

Pleurectomy 0 3  

Cyst resection 1 0  

Pneumectomy 1 0  

Diaphragmoplasty 1 1  

(CBWI catheter-based wound infiltration, TEA thoracic epidural analgesia).

Table 3: Intraoperatively used anesthetics.

Drugs TEA group 
n = 41

 CBWI group 
(n = 40) p

Sufentanil [µg] 58 ± 52 55 ± 27 0.761
Remifentanil [µg] 3344 ± 1447 3529 ± 1529 0.594

Propofol [mg] 394 ± 496 429 ± 448 0.743
Sevoflurane [n] 15 15 0.852
Desflurane [n] 24 24 0.852

(CBWI catheter-based wound infiltration, TEA thoracic epidural analgesia).

Table 4: Intraoperative variables and time periods.

Variable TEA group 
n = 41

 CBWI group 
(n = 40) p

Surgery time [min] 193 ± 56 178 ± 58 0.24
OLV [min] 143 ± 56 116 ± 47 0.028*

pO2 before OLV [mmHg] 81 ± 16 86 ± 28 0.342
SpO2 before OLV [%] 95 ± 2 96 ± 3 0.172

http://dx.doi.org/10.19080/JAICM.2026.15.555908


How to cite this article:   L Schwarze, B Fakundiny, T Schilling, T Walles, N Fakundiny. Post-Operative Pain Management with Continuous Wound 
Infiltration Compared to Standard Thoracic Epidural Anesthesia After Open Thoracic Surgery. J Anest & Inten care med. 2026; 15(2):  555908. 
DOI:10.19080/JAICM.2026.15.555908

006

Journal of Anesthesia & Intensive Care Medicine

pO2 OLV [mmHg] 124 ± 66 132 ± 78 0.655
SpO2 OLV [%] 96 ± 6 97 ± 3 0.468

SpO2 < 92 % [n] 7 9 0.54
Extubation [min] 13 ± 5 12 ± 6 0.913

(CBWI catheter-based wound infiltration, OLV one-lung ventilation, TEA thoracic epidural analgesia).

Table 5: VRS mean values of all patients at the recording times t 1 to t 5, postoperatively in the ICU.

Time point TEA group 
n = 41

 CBWI group 
(n = 40) p

t 1 3.5 ± 3.2 3.7 ± 3.3 0.801

t 2 3.2 ± 2.5 3.3 ± 2.4 0.829

t 3 3.0 ± 2.3 2.3 ± 1.8 0.125

t 4 2.8 ± 2.3 2.4 ± 2.2 0.408

t 5 3.0 ± 2.2 2.2 ± 1.7 0.078

(CBWI catheter-based wound infiltration, TEA thoracic epidural analgesia, VRS verbal numerical rating scale).

Table 6: Cumulative analgesic therapy in the ICU.

Analgesics TEA group 
n = 41

 CBWI group 
(n = 40) p

Ropivacain [mg] 405 ± 334 518 ± 324 0.143
Sufentanil [µg] 83 ± 87    

Metamizole [n] 3 11 0.018*

Morphine equivalents [mg, n] 43 ± 31 
(n = 16)

50 ± 51 
(n = 25) 0.62

(CBWI catheter-based wound infiltration, TEA thoracic epidural analgesia).

Table 7: Mean VRS for all patients at study time points T 1 to T 5 in the general ward.

Time point TEA group 
n = 41

 CBWI group 
(n = 40) p

T 1 0.9 ± 1.8 0.9 ± 1.5 0.991

T 2 1.2 ± 2.2 0.9 ± 1.7 0.586

T 3 3.1 ± 2.6 3.0 ± 2.2 0.877

T 4 2.8 ± 2.5 2.5 ± 2.4 0.646

T 5 1.8 ± 1.7 2.5 ± 2.2 0.231

(CBWI catheter-based wound infiltration, TEA thoracic epidural analgesia, VRS verbal numerical rating scale).

Table 8: Postoperative course and typical complications.

Variable TEA group 
n = 41

 CBWI group 
(n = 40) p

Re-intubation [n] 4 3 0.479
ICDSC (>1) day 1 9 7 0.076
ICDSC (>1) day 2 4 3 0.481

Mobilization, day 1 [n] 32 34 0.421
Oral intake, day 1 [n] 33 32 0.591
Length of ICU stay [h] 53 ± 124 40 ± 74 0.577

Length of hospital stay [d] 12 ± 6 16 ± 13 0.06
(CBWI catheter-based wound infiltration, ICDSC Intensive Care Delirium Screening Checklist, ICU intensive care unit, TEA thoracic epidural 
analgesia).
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Figure 1: CONSORT study flow diagram (ICU intensive care unit, VRS verbal numerical scale).

Figure 2: Placement of the catheter system by the surgeon prior to wound closure: (A) skin puncture, (B) percutaneous insertion of the 
introducer sheath, (C) positioning of the catheter subperiosteally at the level of the thoracic drainage, and (D) typical position of the catheter 
in situ. Own images.
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Figure 3: Intensity and course of pain levels in patients with postoperative pain (VRS > 0), in the ICU at five observation time points (t₀ 
upon admission, t₅ at discharge). The box plots show the means (---), medians (___), IQR (P25 - P75) and standard deviations; the dots 
indicate the 5-95% confidence intervals (* = p < 0.05 at time point t3 vs. t1). (CBWI catheter-based wound infiltration, TEA thoracic epidural 
anesthesia, VRS verbal numerical rating scale).

Figure 4: Intensity and course of pain in patients with postoperative pain (VRS > 0) on the general ward at defined observation time points 
(T₀ upon admission, T₅ at discharge). The box plots indicate the means (---), medians (___), IQR (P25 - P75) and standard deviations; the 
dots indicate the 5 – 95 % confidence intervals.
(CBWI catheter-based wound infiltration, TEA thoracic epidural anesthesia, VRS verbal numerical rating scale).
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Discussion

In this pragmatic cohort, CBWI appeared clinically comparable 
to TEA with respect to early postoperative VRS trajectories, with 
small differences at isolated time points. These findings support 
CBWI as an option when TEA is contraindicated or declined. 
However, thoracic-specific randomized trials generally favor TEA 
over subpleural or intercostal approaches in terms of analgesic 
efficacy. Accordingly, our results should not be interpreted as 
evidence of noninferiority but rather as complementary real-
world evidence. Thoracotomy is among the most painful surgical 
procedures [1]. Beyond established perioperative strategies - such 
as preoperative risk assessment and optimization; lung-protective 
ventilation (e.g. FIO₂, titration, low tidal volumes, permissive 
hypercapnia, appropriate PEEP, and recruitment maneuvers); 
as well as optimized fluid therapy [26] - postoperative pain 
management is central for surgical success and patient satisfaction. 
Regional anesthesia techniques are crucial to maximizing the 
potential benefits of modern thoracic surgery.

Recent research provided sufficient evidence that chronic 
postsurgical pain (CPSP) is a common complication after both 
thoracotomy and video-assisted thoracoscopic surgery [12,27]. 
The incidence of CPSP after thoracic surgery varies widely, with 
reported rates ranging from 25% and 60%. This variability is 
influenced by factors such as the surgical approach (minimally 
invasive vs. open procedures), perioperative pain management, 
and individual patient characteristics. For example, a study 
involving more than 2,300 patients undergoing VATS reported 
that approximately 44% developed CPSP, with 15% experiencing 
moderate-to-severe pain. Although thoracotomy typically results 
in a higher CPSP burden than VATS, both procedures carry 
substantial risk [27].

Several risk factors have been associated with CPSP, including 
younger age, female sex, preoperative pain, and postoperative 
complications such as wound infection. Addressing modifiable 
risk factors through optimized perioperative pain management is 
important for reducing the incidence and severity of CPSP.

The optimal approach to pain management in thoracic surgery 
remains debated. Effective pain control not only improves patient 
satisfaction but may also reduce the transition from acute to chronic 
pain [2]. Thoracic epidural analgesia is widely considered the gold 
standard after thoracotomy in many centers [6,28]; however, 
it is not suitable for all patients and is occasionally associated 
with serious complications, including rarely epidural hematoma, 
abscess, or direct spinal cord injury [29]. Consequently, alternative 
regional anesthesia techniques have gained popularity in recent 
years. However, due to heterogeneous evidence, a comparable 
consensus regarding the optimal approach in thoracic surgery has 
not been reached, although recent literature increasingly supports 
thoracic, paravertebral block, serratus anterior plane block, and 
erector spinae plane block [22,30].

The present clinical study compares two continuous methods 
for postoperative pain management: thoracic epidural analgesia 
using a preoperatively placed epidural catheter and wound 
infiltration using an intercostal catheter placed by the surgeon 
and connected to an elastomeric pump for continuous, fixed-dose 
delivery of local anesthetic [18]. The principal finding is that, in two 
biometrically and clinically similar groups with comparable pain 
levels after thoracotomy, no statistically significant differences 
were observed in pain intensity or pain trajectories. Given the 
observational design, these estimates remain susceptible to 
residual confounding by indication. Pain intensity, the primary 
outcome, was assessed postoperatively using a verbal numeric 
rating scale (VRS; 0-10) at rest [31].

Postoperative analgesia was generally effective, as 27% of 
patients reported being pain-free upon ICU admission. With 
a median pain score of approximately 3 across all patients, 
pain intensity decreased across the five ICU assessment time 
points (median ICU stay: 20 hours). At time point t3, patients 
in the CBWI group reported lower pain intensity. This finding is 
notable because CBWI patients received slightly higher (though 
not statistically significant) doses of ropivacaine, NSAIDs, and 
morphine equivalents but no sufentanil via the catheter. Thus, 
opioid-free wound infiltration with ropivacaine may provide 
clinically meaningful analgesia in selected patients compared with 
TEA using ropivacaine/sufentanil. These findings also underscore 
the risk of severe pain after open thoracotomy, as several patients 
initially reported VRS scores >5 (up to 8).

Continuous wound infiltration with local anesthetics was first 
introduced in general surgery for procedures such as inguinal 
hernia repair [32] and has also been applied to subcostal incisions, 
open appendectomy, and midline laparotomy [33]. The ratio of 
incision length to local anesthetic infusion rate appears to play 
an important role [34]. This technique was first investigated in 
thoracic surgery in 2005, with satisfactory pain control reported 
in 71 patients compared with TEA [17]. Comparable studies have 
evaluated erector spinae plane blocks versus serratus anterior 
plane blocks, reporting average pain scores of 4 to 5. Despite 
reduced surgical trauma with minimally invasive thoracoscopy, 
these scores are higher than those observed in the present cohort 
[35].

In another study, subpleural analgesia was compared with 
TEA using patient-controlled analgesia (PCA) [36]. TEA provided 
significantly better pain relief, with average VRS (0-10) scores 
of 2 to 3 for TEA compared with 4 to 7 for subpleural analgesia 
during the first 24 hours. Patients receiving TEA also required 
significantly less rescue medication. Although patients in that 
study were younger than those in our cohort, vital signs and 
other demographic characteristics were similar. After transfer 
from the ICU to the general ward, the proportion of pain-free 
patients increased to >65%. Median pain intensity decreased 
to approximately 1 but increased again after discontinuation of 
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continuous therapy and with increased mobilization. Pain intensity 
and trajectories did not differ meaningfully between groups; 
however, the type and quantity of analgesics administered on the 
general ward varied, limiting late postoperative comparisons.

The study data support cohort homogeneity with respect to 
age, sex, biometric measures, anesthetic risk, and preoperative 
comorbidities. The higher prevalence of coagulation abnormalities 
in the CBWI group reflects allocation criteria, as coagulopathy 
is a contraindication to epidural catheter placement [37]. The 
increasing prevalence of oral anticoagulant therapy in aging 
populations underscores the clinical relevance of alternatives to 
TEA. Most secondary endpoints, including postoperative delirium 
incidence, reintubation rate, pulmonary complications, early 
mobilization, and resumption of oral intake, were similar between 
groups. Median hospital stay was three days longer in CBWI 
patients, although this difference cannot be fully explained by the 
variables assessed in this study. Factors such as drain management, 
nursing requirements, antibiotic therapy, or additional diagnostic 
procedures likely influenced discharge timing.

Severe complications, such as epidural bleeding, infection, or 
local anesthetic systemic toxicity, were not observed. Pulmonary 
complications, adverse effects such as nausea, arterial hypotension, 
or pruritus, and delirium incidence were also similar between 
groups. Nonetheless, limitations include the relatively short 
duration of catheter use and the lack of standardized continuation 
of pain management on the general ward. A standardized ward 
protocol has since been implemented, incorporating scheduled 
and as-needed administration of NSAIDs and WHO step III opioids. 
In summary, continuous pain management using intercostal CBWI 
catheters provided analgesia that was clinically similar to TEA in 
the early postoperative period while avoiding epidural-related 
complications such as spinal infection or hematoma. In addition, 
this method can be implemented readily in cases of unplanned 
conversion to open surgery.

Although multimodal pain strategies have advanced, clinically 
relevant postoperative pain persists in some patients, and chronic 
pain may develop in a substantial proportion, adversely affecting 
quality of life. Postoperative pain management in thoracic surgery 
should therefore remain multimodal, incorporating pharmacologic 
analgesia, physiotherapy, and psychological interventions 
when indicated. Combining regional anesthesia with systemic 
medications, such as NSAIDs and opioids, can improve analgesic 
quality in the immediate postoperative phase.

For patients who cannot receive TEA due to infection, 
anticoagulation, or patient preference, intercostal pain catheters 
represent a feasible alternative. Future research should address 
optimal local anesthetic concentrations and dosing, therapy 
duration, and the integration of adjunct analgesics into multimodal 
protocols. Prospective comparisons with other regional analgesic 
techniques, such as peripheral nerve blocks, are needed. 
Multicenter clinical trials tailored to different surgical approaches 

are critical for refining and standardizing pain management 
strategies in thoracic surgery. By reducing undesirable effects 
of systemic analgesia, improving lung function, and accelerating 
recovery, effective pain management may enhance patient 
satisfaction and improve outcomes.

Conclusions

This study suggests that continuous postoperative pain 
management via CBWI is clinically similar to TEA in patients 
undergoing thoracotomy. Both techniques achieved comparable 
early pain courses and overall effectiveness, as reflected by 
similar numeric rating scale scores at various postoperative 
time points, despite minor differences in supplemental analgesic 
consumption. Notably, CBWI represents a feasible alternative 
when TEA is contraindicated, such as in patients with coagulation 
abnormalities or those refusing epidural placement, and in 
scenarios of unplanned conversion from minimally invasive to 
open surgery. Although effective in the acute postoperative period, 
the persistence of mild-to-moderate chronic pain in a substantial 
subset emphasizes the need for comprehensive multimodal 
analgesia strategies. Future investigations should optimize local 
anesthetic dosing and catheter duration, integrate additional 
analgesic modalities, and directly compare CBWI with emerging 
regional anesthesia techniques in multicenter settings.
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