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Purpose: The objective of this study was to identify the sonographic and clinical predictors of drainage procedure failure using small-
caliber catheters under ultrasound guidance for complex septated pleural effusions.

Materials and Methods: In this retrospective cohort study, we analyzed 145 consecutive patients who underwent ultrasound-guided
small-caliber (6- or 8-Fr) catheter drainage for complex septated pleural effusion at a single tertiary center. Demographic, clinical, and
pleural fluid data were collected. Sonographic images were reviewed to classify septation complexity (widespread vs few) and to
quantitatively measure septal thickness. Multivariable logistic regression was used to identify independent predictors of drainage
failure.

Results: Unsuccessful drainage occurred in 79 patients (54.5%). Widespread septations (72.2% vs 36.4%, P<0.001) and greater septal
thickness (3.3 vs 2.1 mm, P<0.001) were more common in the unsuccessful group. Multivariable analysis identified widespread
septations (adjusted odds ratio [aOR]=2.94, P=0.033) and septal thickness (aOR=3.39 per mm, P<0.001) as independent predictors of
failure. The optimal cut-off for septal thickness was >2.4 mm (sensitivity 82.3%, specificity 69.7%). An alternative cut-off of >1.8 mm
provided high sensitivity (93.7%) and a negative likelihood ratio (LR—) of 0.1 for ruling out failure.

Conclusion: Quantitative sonographic assessment of septation complexity and thickness independently predicts small-caliber catheter
drainage failure in complex septated pleural effusions. Incorporating these parameters into pre-procedural evaluation can aid in risk
stratification and guide individualized management, potentially facilitating timely escalation to advanced therapies when indicated.
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Introduction
The accumulation of pleural effusion is a frequent clinical manifestation of various underlying pathologies, capable of
severely compromising respiratory function by impairing ventilation and gas exchange.' > Prompt and effective drainage
is essential in cases requiring intervention, including those with significant respiratory compromise, a need for diagnostic
sampling, or complications from infection or malignancy. Timely drainage relieves respiratory distress, improves
pulmonary mechanics, and decreases the need for invasive surgery.*

Over the past decades, the therapeutic paradigm has shifted decisively from traditional open drainage using large-bore
catheters to minimally invasive techniques employing small-caliber drains.””’ This evolution is driven by the clear
benefits of smaller catheters, including enhanced patient tolerance, reduced procedural pain, and superior cosmetic

outcomes.® The concurrent integration of bedside ultrasound has further refined this approach, providing real-time
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guidance that improves targeting accuracy, significantly lowers the risk of iatrogenic complications such as pneu-
mothorax, and facilitates rapid intervention in critically ill or non-ambulatory patients.” !

Notwithstanding these significant procedural advancements, the management of complex septated pleural effusions
continues to pose a considerable clinical challenge. Pathophysiologically, these pleural effusions are characterized by the
intrapleural deposition of fibrin and cellular debris, which subsequently organizes into septa and result in the formation of
multiple, isolated fluid loculations.'* The process of compartmentalization has the potential to impede the flow of fluid,
thus rendering the efficacy of single-catheter drainage ineffective. Consequently, a pertinent clinical controversy exists
regarding the utility of small-caliber catheters for these complex effusions, with concerns that their narrow lumens are
susceptible to occlusion by viscous fluid or fibrinous material, leading to premature drainage failure.'* Despite the
postulation of an association between the sonographic presence of septations and adverse drainage outcomes, this
relationship remains unproven. Furthermore, the specific risk factors predictive of catheter occlusion are not well-
established.'*

Current clinical guidelines for the management of complex loculated pleural effusions advocate for early escalation to
intrapleural fibrinolytic therapy or surgical intervention if initial drainage fails.>'> However, the decision to progress to
these more invasive strategies is frequently made retrospectively, following the failure of a standard drainage attempt.
Pre-procedural sonographic markers that could reliably predict drainage outcomes remain poorly defined, leading to
potential delays in optimal therapy.

Therefore, a more profound comprehension of sonographic predictors is essential to refine patient selection, guide
initial procedural planning, and facilitate timely escalation of care when indicated. The primary objective of this
retrospective study was to identify specific ultrasound-derived and clinical variables associated with failure of ultra-
sound-guided small-caliber catheter drainage in patients with complex septated pleural effusions.

Materials and Methods

Study Design and Patient Selection
This retrospective cohort study was conducted at a single tertiary university hospital. Electronic medical records of
consecutive patients who underwent ultrasound-guided small-caliber catheter drainage for complex septated pleural
effusion between January 2022 and June 2024 were reviewed. A total of 185 patients were initially identified.

Eligibility was determined by a thoracic ultrasound—confirmed diagnosis of complex septated pleural effusion.
Exclusion criteria included: (1) insufficient data to ascertain the definitive outcome of the drainage procedure, such as
patients discharged with the catheter in situ, transferred to another facility, or who died from causes unrelated to pleural
effusion before outcome assessment; and (2) absence of pleural fluid biochemical analysis in the medical records, which
precluded comprehensive characterization of the effusion.

The patient selection process is illustrated in Figure 1. The Institutional Review Board at the First Affiliated Hospital
of Shantou University Medical College provided review and approval for the study’s protocol (Approval No. B-2024-
169). Patient consent was waived by the ethics committee, as the study utilized anonymized ultrasound data and
biological samples obtained from prior routine clinical examinations. All procedures were conducted in accordance
with the ethical guidelines established by the Declaration of Helsinki. Patient data were anonymized prior to analysis in
accordance with the protocol to ensure confidentiality.

Ultrasonic Examination and Drainage Procedure
The decision to perform diagnostic and therapeutic drainage was made by the managing physician based on clinical
indications, including significant respiratory compromise, the need for diagnostic sampling, or suspicion of infected or
complicated pleural effusion. All drainage procedures were performed by an interventional radiologist with at least 5
years of clinical experience.

Prior to the procedure, thoracic ultrasound was performed using an EPIQ 7 ultrasound system (Philips Medical
Systems, Bothell, WA, USA) equipped with a C5-1 convex-array transducer (1-5 MHz) to evaluate effusion complexity,
septation characteristics, and to determine the optimal puncture site. With the patient in a seated position, a 6- or 8-
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Patients diagnosed with complex septated
pleural effusion and underwent ultrasound-
guided small-caliber catheter drainage

(n=185)
Patients lacked of Exclude Exclude Patients with
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results (n=25) outcomes (n=15)

Inter-hospital | | Discharge with Death(n=3)
Transfer(n=8) | | the drainage
catheter (n=4)

Patients included in the
study (n=145)

Patients included in Patients included in
the successful the unsuccessful
drainage group (n=66) drainage group (n=79)

Figure | Flowchart of the study. Patients diagnosed with complex septated pleural effusion and underwent ultrasound-guided small-caliber catheter drainage were
identified. Inclusion and exclusion criteria are applied to reach the final analytic cohort, which is then divided by drainage outcome (successful vs unsuccessful).

French multi—side-hole catheter was inserted under real-time ultrasound guidance using the Seldinger technique and
connected to a closed drainage system.

Following the procedure, catheter management adhered to standard ward protocols, including flushing with 10 mL of
normal saline every 24 hours to maintain catheter patency. Catheters were removed once the criteria for successful
drainage were met or in cases of persistent catheter occlusion.

Successful drainage was defined by fulfillment of all post-procedural criteria: (1) complete resolution of the effusion
using a single catheter; (2) drainage volume <50 mL over 24 hours; and (3) residual pleural fluid thickness <20 mm on
follow-up ultrasound. Failure to meet any of these criteria was classified as unsuccessful drainage.

Data Collection and Image Analysis

Demographic, clinical, and laboratory data were extracted from electronic medical records. Pleural effusions were
classified as exudative or transudative according to Light’s criteria. Etiology was independently adjudicated by two
physicians based on clinical, microbiological, and pathological data.

All baseline ultrasound images were analyzed by a physician with more than 5 years of experience who was blinded
to clinical outcomes. Septation complexity was categorized as either few septations (countable septa with simple
loculations) or widespread septations (uncountable, mesh-like septa) (Figure 2).

Quantitative assessment of septal thickness was performed using ImagelJ software (version 1.54f; National Institutes
of Health, Bethesda, MD, USA). The thickest septum within the most highly septated region was measured five times
under magnification, and the mean value (mm) was recorded. Interobserver agreement was assessed in 30 randomly
selected images analyzed by two blinded physicians. The intraclass correlation coefficient for septal thickness was 0.92
(95% CI, 0.84-0.96).
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Figure 2 Representative ultrasound images and septal measurements. (A) Ultrasound imaging of a 69-year-old female with pneumonia and pleural effusion, showing a small
number of septations (fewer-septation pattern). A 6-Fr catheter was placed, yielding successful drainage. (B) Image] measurement of the thickest septum in (A) (2.33 mm)
using the local magnification. (C) Ultrasound imaging of a 66-year-old male with tuberculous pleurisy, showing extensive, fine fibrin septa (widespread-septation pattern). An
8-Fr catheter was placed, resulting in unsuccessful drainage. (D) Image] measurement of the thickest septum in (C) (3.43 mm) using the local magnification. The yellow line
indicates the measured thickness of the septum.

Statistical Analysis
Statistical analyses were performed using SPSS Statistics software (version 22.0; IBM Corp., Armonk, NY, USA). The
Shapiro—Wilk test was used to assess the normality of continuous variables. Normally distributed data are presented as
the mean + standard deviation (SD) and were compared using the independent Student’s ¢ test, whereas non-normally
distributed data are expressed as the median with interquartile range (IQR) and were analyzed using the Mann—Whitney
U-test. Categorical variables are summarized as counts and percentages and were compared using the chi-square test or
Fisher’s exact test, as appropriate.

Univariable logistic regression analyses were conducted to evaluate associations with drainage failure. Variables with
a P value < 0.20 in univariable analyses were entered into a stepwise forward multivariable logistic regression model to
identify independent predictors. Results are reported as odds ratios (ORs) or adjusted odds ratios (aORs) with 95%
confidence intervals (CIs). The optimal cutoff value for septal thickness was determined using receiver operating
characteristic (ROC) curve analysis by maximizing the Youden index. A two-tailed P value < 0.05 was considered
statistically significant.

Results

A total of 145 patients met inclusion criteria and were analyzed, stratified into successful (n = 66, 45.5%) and
unsuccessful drainage groups (n = 79, 54.5%) (Figure 1). Baseline age, sex, and smoking history were comparable
between groups (Table 1). Parapneumonic effusion (48.3%) and empyema (18.6%) were the most common etiologies,

and 92.4% of effusions were exudative, with no between-group differences.
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Table | Baseline Characteristics of 145 Patients with Complex Septated Pleural Effusions

Characteristics Total (N = 145) Successful Unsuccessful P
Drainage (n = 66) Drainage (n = 79)
Age(years), Mean * SD 599 + 152 577 £ 159 618+ 144 0.105
Gender, Male, n (%) 101 (69.7) 45 (68.2) 56 (70.9) 0.724
Smoker, n (%) 72 (49.7) 31 (47.0) 41 (51.9) 0.554
Primary Disease, n (%) 0.235
Parapneumonic Effusion 70 (48.3) 28 (42.4) 42 (53.2)
Empyema 27 (18.6) I (16.7) 16 (20.3)
Tuberculous Pleurisy 22 (15.2) 10 (15.2) 12 (15.2)
Malignancy 20 (13.8) 12 (18.2) 8 (l10.1)
Congestive Cardiac Failure 3(2.1) 3 (4.5) 0 (0)
Renal Failure 3210 2 (3.0 I (1.3)
Exudates, n (%) 134 (92.4) 58 (87.9) 76 (96.2) 0.059
Pleural Fluid Characteristics
Total Cell Count (1076/L), M (Q,, Q;) | 1580 (550, 5600) 1115 (470, 5600) 1650 (635, 5550) 0.419
Monocytes (%), M (Q), Q3) 29 (12, 74) 38 (10, 79) 27 (12, 64) 0.311
Neutrophils (%), M (Q;, Q3) 60 (16, 86) 31 (11, 84) 65 (21, 86) 0.101
Coagulum Positivity, n (%) 107 (73.8) 47 (71.2) 60 (75.9) 0.518
Protein (Serum, g/L), Mean * SD 634 +78 623 +7.6 643 +79 0.120
Protein (Pleural Fluid, g/L), Mean + SD | 45.1 + 18.8 41.7 £ 17.1 48.0 £ 19.8 0.045
Protein Ratio, M (Q,, Q3) 0.7 (0.6, 0.8) 0.7 (0.6, 0.8) 0.7 (0.7, 0.8) 0.128
LDH (Serum, U/L), M (Q, Q3) 219.2 (176.0, 280.0) | 222.7 (177.8, 283.0) 217.9 (173.8, 269.8) 0.602
LDH (Pleural Fluid, U/L), M (Q,, Q3) 782 (275, 2285.2) 650.5 (245.8, 1746.6) | 1110.2 (344.5, 3540.0) | 0.196
LDH Ratio, M (Q), Q3) 3.6 (1.4, 104) 2.8 (1.2, 85) 4.6 (1.8, 13.0) 0.132
ADA (U/L), M (Q,, Q3) 282 (13.1, 53.4) 24.1 (7.2, 46.8) 28.6 (17.1, 56.0) 0.109
Catheter Caliber, n (%) 0.286
6Fr 86 (59.3) 36 (54.5) 50 (63.3)
8Fr 59 (40.7) 30 (45.5) 29 (36.7)
Ultrasound Characteristics
Effusion Side, Right, n (%) 95 (65.5) 45 (68.2) 50 (63.3) 0.537
Septations, Widespread, n (%) 81 (55.9) 24 (36.4) 57 (72.2) <0.001
Septal Thickness(mm), Mean * SD 28+ 1.2 21 £1.0 33 1.1 <0.001

Abbreviations: LDH, Lactate dehydrogenase; ADA, Adenosine deaminase; SD, standard deviation; M, Median; Q), Ist Quartile; Q3, 3st Quartile;
Protein Ratio, the ratio of pleural fluid protein to serum protein; LDH Ratio, the ratio of pleural fluid LDH to serum LDH.

Pleural fluid biochemical analysis revealed a statistically significant difference in total protein concentration, which
was higher in the unsuccessful drainage group than in the successful group (48.0 = 19.8 g/L vs 41.7 £ 17.1 g/L, P =
0.045). In contrast, no significant between-group differences were observed in the pleural fluid—to—serum protein ratio (P
= 0.128), pleural fluid lactate dehydrogenase (LDH) levels (P = 0.196), or the LDH ratio (P = 0.132) (Table 1).

Markers of inflammation and cellularity, including total cell count (P = 0.419), neutrophil percentage (P = 0.101),
monocyte percentage (P = 0.311), and adenosine deaminase (ADA) levels (P = 0.109), were comparable between the two
groups. Notably, coagulum positivity, a macroscopic indicator of coagulation factor activity, was observed in 73.8% of
the overall cohort but did not differ significantly between the successful and unsuccessful drainage groups (71.2% vs
75.9%, P = 0.518). With respect to procedural variables, neither catheter caliber (6 Fr vs 8 Fr, P = 0.286) nor effusion
laterality (P = 0.537) was significantly associated with drainage success (Table 1).

Ultrasound evaluation demonstrated marked morphological differences between groups. Patients with unsuccessful
drainage had a significantly higher prevalence of widespread septations than those with successful drainage (72.2% vs
36.4%, P < 0.001). Moreover, quantitative analysis revealed that mean septal thickness was significantly greater in the
unsuccessful drainage group (3.3 = 1.1 mm) compared with the successful group (2.1 = 1.0 mm, P < 0.001) (Table 1).
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In univariable logistic regression analysis, widespread septations (odds ratio [OR] = 4.53, 95% confidence interval
[CI], 2.25-9.15; P < 0.001) and increased septal thickness (OR = 3.11 per mm, 95% CI, 2.06-4.70; P < 0.001) were
significantly associated with unsuccessful drainage, whereas pleural fluid protein level showed a borderline association
(OR = 1.02 per g/L, 95% CI, 1.00-1.05; P = 0.053) (Table 2).

Variables with P < 0.20 were entered into a forward stepwise multivariable logistic regression model. Widespread
septations (adjusted OR [aOR], 2.94; 95% CI, 1.09-7.94; P = 0.033) and septal thickness (aOR, 3.39 per mm; 95% CI,
2.10-5.47; P < 0.001) remained independently associated with drainage failure. Age was retained in the model (aOR,
1.03; 95% CI, 1.01-1.07; P = 0.031) but demonstrated a small effect size. Pleural fluid protein level and other clinical or
biochemical variables were not independently associated with outcome (all P > 0.05) (Table 2).

Receiver operating characteristic (ROC) curve analysis demonstrated good discriminatory performance of septal
thickness for predicting drainage failure, with an area under the curve (AUC) of 0.81. The optimal cutoff value was
>2.4 mm, yielding a sensitivity of 82.3% and a specificity of 69.7% (Figure 3). To support clinical risk stratification,
alternative cutoff values were evaluated (Table 3). A threshold of >1.8 mm achieved high sensitivity (93.7%) with a
negative likelihood ratio (LR—) of 0.10, whereas the >2.4 mm cutoff provided a positive likelihood ratio (LR+) of 2.7.

Table 2 Results of Univariable and Multivariable Logistic Regression

Variables Univariate Analysis Multivariate Analysis

OR 95% CI P aOR | 95% CI P
Age 1.02 1.00~ 1.04 0.108 1.03 1.0l ~ 1.07 0.031
Gender, Male .14 | 0.56 ~2.3I 0.724
Smoker 122 | 0.63 ~2.34 0.555
Primary Disease
Parapneumonic Effusion 1.00 Reference 1.00 Reference
Empyema 0.97 | 039 ~ 240 0.947 0.74 0.22 ~ 246 0.617
Tuberculous Pleurisy 0.80 0.30 ~2.10 0.651 1.06 0.23 ~ 4.95 0.939
Malignancy 044 | 0.16 ~1.23 0.117 0.69 0.14 ~ 335 0.658
Congestive Cardiac Failure 0.00 0.00 ~ Inf 0.985 0.00 0.00 ~ Inf 0.986
Renal Failure 0.33 0.03 ~ 3.85 0.379 I.19 0.06 ~22.82 | 0.906
Exudates 349 | 089~ 13.75 0.074 0.95 0.08 ~ 12.07 | 0.970
Total Cell Count 1.00 1.00 ~ 1.00 0.885
Monocytes (%) 048 | 0.17 ~ 1.34 0.162 1.03 0.02 ~45.06 | 0.987
Neutrophils (%) 2.55 0.97 ~ 6.75 0.059 1.33 0.04 ~49.87 | 0.878
Coagulum Positivity 1.28 0.61 ~2.68 0.519
Protein (Serum, g/L) 1.03 0.99 ~ 1.08 0.123 0.94 0.69 ~ 1.28 0.700
Protein (Pleural Fluid, g/L) 1.02 1.00 ~ 1.05 0.053 1.10 0.72 ~ 1.70 0.657
Protein Ratio 362 | 081 ~16.12 | 0.092 0.00 0.00 ~ Inf 0.679
LDH (Serum, U/L) 1.00 1.00 ~ 1.00 0.241
LDH (Pleural Fluid, U/L) 1.00 1.00 ~ 1.00 0.997
LDH Ratio .00 | 0.99 ~ 1.0l 0.697
ADA (U/L) 1.00 1.00 ~ 1.00 0.862
Catheter Caliber
6Fr 1.00 Reference
8Fr 070 | 036 ~ 1.36 0.286
Effusion Side, Right 0.80 | 0.40 ~ .6l 0.537
Septations, Widespread 453 225 ~9.15 <0.001 2.94 1.09 ~ 7.94 0.033
Septal Thickness(mm) 3.1 2.06 ~ 4.70 <0.001 339 2.10 ~ 547 <0.001

Abbreviations: LDH, Lactate dehydrogenase; ADA, Adenosine deaminase; OR, Odds Ratio; aOR, adjusted Odds Ratio;
Cl, Confidence Interval; inf, infinity; Protein Ratio, the ratio of pleural fluid protein to serum protein; LDH Ratio, the ratio
of pleural fluid LDH to serum LDH.
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Figure 3 ROC curve for septal thickness. The optimal cut-off of 2.4 mm (Youden index) is marked as a red dot, with the corresponding sensitivity and specificity values of
82.3% and 69.7%, respectively.
Abbreviation: AUC, Area Under Curve.

Discussion

In this investigation, it was found that both the complexity and thickness of intrapleural septations were potent,
independent predictors of small-caliber catheter drainage failure in patients with complex septated pleural effusions.
These findings contribute to the advancement of current understanding, which has been largely confined to differentiating
outcomes between septated and non-septated effusions,'*'®!” by establishing a quantitative, dose-dependent relationship
between the sonographic burden of septation and the likelihood of procedural failure. Furthermore, we identified septal
thickness as a novel and quantifiable prognostic factor. Collectively, these findings indicate that a comprehensive
ultrasonographic evaluation of septal morphology prior to intervention is imperative for risk stratification and therapeutic

planning.

Table 3 Diagnostic Performance of Various Septal Thickness Cut-Offs for Predicting Small-Caliber
Catheter Drainage Failure

Cut-Off (mm) | SE% (95% CI) | SP% (95% CI) | LR+ (95% CI) | LR- (95% CI) | Youden Index

>18 93.7(85.8-97.9) | 47.0(34.6-59.7) | 1.8(1.4-2.2) 0.1(0.1-0.3) 0.4
>2.4 82.3(72.1-90.0) | 69.7(57.1-80.4) | 2.7(1.9-4.0) 0.3(0.2-0.4) 0.52

Abbreviations: SE, Sensitivity; SP, Specificity; LR+, Positive Likelihood Ratio; LR-, Negative Likelihood Ratio; Cl, Confidence
Interval.
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The observed association between an increasing septation grade and a higher failure rate is consistent with the
established pathophysiology of pleural inflammation, which progresses through exudative, fibrinopurulent, and organiza-
tional stages.18 The formation and proliferation of septa signify a transition into the fibrinopurulent phase, a state
characterized by upregulated pro-coagulant activity and attenuated local fibrinolysis due to reduced plasminogen
activator levels.'” We postulate that a lower septation grade reflects an earlier point in this pathological continuum,
where septa are fewer, more fragile, and communication between fluid locules is at least partially preserved.
Consequently, mechanical forces from catheter manipulation, respiratory motion, or changes in patient positioning
may be sufficient to disrupt these fibrinous bands, leading to cavity coalescence and improved drainage. Conversely, a
high septation grade likely represents an advanced disease state characterized by extensive, organized fibrin deposition
that creates multiple, discrete, and non-communicating microcompartments, thereby presenting an insurmountable
physical barrier to effective fluid evacuation via a single catheter. Clinically, this implies that patients with widespread
septations face a substantially higher risk of failure, a fact that necessitates candid pre-procedural counseling and
proactive consideration of alternative management strategies, such as intrapleural enzyme therapy or surgical
intervention.

Of note, to our knowledge, this is the first study to demonstrate that septal thickness is an independent predictor of
drainage outcome; however, this novel finding should be interpreted with caution pending external validation. The
underlying mechanism may be twofold. Firstly, thicker septa (>2.4 mm in our cohort) likely exert greater mechanical
resistance against the pressure gradients generated by drainage and may also represent a more advanced state of fibrous
organization with greater collagen deposition and fibroblast infiltration, making them less susceptible to spontaneous or
mechanically induced rupture. This interpretation is supported by our observation that increasing drainage catheter
diameter did not improve success rates, suggesting that the structural integrity of the septa, rather than the catheter orifice
size, is the rate-limiting factor. Secondly, increased thickness may correlate with a more profound impairment of local
fibrinolytic pathways, rendering the septa less susceptible to endogenous or exogenous enzymatic degradation. This
finding strongly suggests that sonographic evaluation should extend beyond merely identifying the presence of septa to
quantifying their thickness.

The evaluation of multiple diagnostic thresholds for septal thickness provides a nuanced framework for clinical
decision-making. A cutoff of >1.8 mm demonstrated high sensitivity (93.7%) and a low negative likelihood ratio (LR— =
0.1), indicating that values below this threshold effectively rule out a high risk of drainage failure and support initial
attempts with standard small-caliber catheter drainage. The >2.4 mm threshold, identified by the Youden index as
optimal, offered balanced performance (sensitivity 82.3%, specificity 69.7%) and a positive likelihood ratio (LR+ = 2.7).
Values above this threshold indicate a moderately increased risk of failure, warranting heightened clinical vigilance and
preparedness for adjunctive interventions. Integrating these thresholds into pre-procedural assessment enables a stratified
approach: patients with septal thickness <1.8 mm can undergo standard drainage (low risk), those with 1.8-2.4 mm
require close monitoring and contingency planning (intermediate risk), and patients with >2.4 mm may be considered for
upfront advanced interventions (elevated risk). Incorporating septal thickness into risk stratification refines prognostica-
tion, identifying patients unlikely to benefit from standard small-caliber drainage who may benefit from earlier escalation
of care, including intrapleural fibrinolytic therapy.*®-*'

In contrast, our multivariable analysis confirmed that pleural fluid biochemical markers, specifically total protein and
adenosine deaminase (ADA) levels, did not predict drainage success. This finding aligns with the understanding that
these parameters reflect distinct pathophysiological pathways unrelated to the mechanical determinants of fluid removal.
Total protein levels indicate the degree of vascular permeability,”> while ADA levels serve as a marker of lymphocyte
activation,”® both of which are central to establishing an etiological diagnosis.>**** Nevertheless, drainage efficacy is
governed by the physical architecture of the pleural space. The presence of robust, organized fibrin septa creates an
anatomical barrier that is indifferent to the underlying biochemical milieu of the fluid. Taken together, these results
reinforce that while pleural fluid analysis remains indispensable for determining etiology, it holds little value in
predicting the technical success of a drainage procedure. Instead, therapeutic decisions should be guided primarily by

the morphological characteristics revealed by imaging.
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While our study offers a more granular understanding of drainage failure predictors, several limitations warrant
consideration. First, the single-center, retrospective design inherently risks selection bias and may limit the external
validity of our findings to populations with different demographic or etiological profiles. Second, our relatively modest
cohort size (n=137) precluded adequately powered subgroup analyses, particularly regarding different underlying
etiologies, and likely contributed to the wide confidence intervals observed for some estimates. Third, although we
used a standardized protocol for measuring septal thickness, the lack of a formal interobserver variability analysis means
we cannot exclude the possibility of measurement bias. Future research should prioritize a large-scale, multicenter
prospective study to validate our proposed predictors using a protocolized ultrasound assessment with blinded analysis.
Such a study would also allow for stratification by etiology and could incorporate longer-term follow-up to assess
outcomes like the development of fibrothorax. Therefore, our data suggest that a pre-procedural ultrasonographic
assessment focused on quantifying both septation complexity and septal thickness is essential for stratifying patients
with complex septated effusions and guiding decisions between standard drainage and more aggressive interventions.

Conclusions

In conclusion, this study establishes that the quantitative sonographic assessment of septal architecture is a critical
determinant of drainage efficacy, providing an evidence-based framework to refine therapeutic strategies for patients with
complex septated pleural effusions. These findings suggest that pre-procedural sonographic assessment of septal
architecture can aid in risk stratification. However, these results should be considered preliminary and require validation
in larger, prospective multicenter studies before being incorporated into routine clinical practice.
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