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Abstract

Background: Pleural effusion (PE) commonly occurs in cardiac surgery patients, often requiring tube drainage. This study aimed
to investigate associations between PE drainage trajectories and clinical outcomes in patients undergoing cardiac surgery. Methods:
Patients who underwent cardiac surgery and subsequent tube drainage during hospitalization in the intensive care unit, due to substantial
PE, were enrolled. PE drainage volumes were recorded daily. The relationships between PE drainage and poor outcome or mortality
risks were examined using logistic regression analysis. Latent class growth analysis (LCGA) was used to classify PE trajectories, and
the characteristics of each latent class were compared. Results: In total, 386 patients were enrolled over 3 years, of whom 113 (29.3%)
developed poor outcomes. These patients had significantly higher average PE drainage volumes on days 2–4 (1.7 vs. 1.2 mL/kg/day; p =
0.002) and days 5–7 (0.9 vs. 0 mL/kg/day; p < 0.001). Average PE drainage volumes during the first 2–4 and 5–7 days were associated
with poor outcomes (odds ratio (OR) = 1.10 (95% confidence interval (CI): 1.02–1.20); p = 0.014 and 1.19 (95% CI: 1.08–1.32); p
< 0.001, respectively). LCGA identified three distinct PE drainage trajectory classes: persistently high (Class 1, n = 39), gradually
declining from high to low (Class 2, n = 128), and persistently low (Class 3, n = 219). Among these, Class 1 had the highest mortality
and poor outcome risks. Conclusions: A trend in PE formation demonstrated a strong correlation with mortality and poor outcomes in
patients who underwent cardiac surgery. Patients with persistently high PE drainage volumes required close monitoring and attention.
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1. Introduction

Pleural effusion (PE) is a highly prevalent complica-
tion in patients following cardiac surgery, with some med-
ical institutions reporting incidences exceeding 60% [1–3].
PE is classified into early and late categories based on the
time of onset, with early PE occurring within the first post-
operativemonth and accounting for themajority of PE cases
after cardiac surgery [4]. PE etiology in this population is
multifactorial, including pleural inflammatory reactions in-
duced by cardiopulmonary bypass and surgical trauma, co-
agulopathy secondary to hemodilution, hypoalbuminemia,
and most crucially, elevated capillary hydrostatic pressure
resulting from cardiac congestion or suboptimal volume
management [2,4–6]. Moreover, PE is a significant factor
contributing to intensive care unit (ICU) re-admission and
poor prognosis outcomes [1,7].

Minimal pulmonary effusion generally does not war-
rant further clinical intervention. Conversely, significant
pulmonary effusion may induce hypoxia, necessitating tho-

racentesis to ensure effective drainage [8–11]. This inter-
vention serves two purposes: it alleviates pulmonary com-
pression and provides an indirect way to assess hydrostatic
equilibrium. For themajority of patients, maximumPE vol-
umes are usually drained on the first day. Nevertheless, per-
sistent PE production may require repeated daily drainage.

At present, no studies have analyzed the quantitative
relationship between early daily PE drainage trajectories
and clinical outcomes. We hypothesize that PE drainage
volumes after cardiac surgery are associated with clini-
cal prognosis outcomes, and patients with different PE
drainage trajectories have different clinical outcomes. To
verify this, we conducted this study.

2. Methods
2.1 Study Design and Population

This study was part of a cohort study investigating risk
factors after cardiac surgery (approved by the ethics com-
mittee of Zhongshan Hospital, Fudan University: B2019-
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075R). From January 2019 to June 2022, in our 40-bed
cardiac surgical ICU, patients who underwent thoracente-
sis (either concurrent bilateral or unilateral) and catheter
drainage for large, early PE volumes were included. In-
clusion criteria were as follows: (1) undergoing elective
cardiac surgery; (2) complete clinical data. Patients were
excluded if they met any of the following criteria: (1) aged
<18 years; (2) confirmed active infectious diseases; (3) re-
tention of a PE drainage catheter for <7 days due to an un-
expected event (catheter dislodgement, premature removal
due to discharge or death); (4) severe liver dysfunction or
hepatic failure [12]; (5) definitive intrathoracic bleeding
caused by surgical procedures; and (6) informed consent
was refused by the patient’s legal representative.

Generally, we identified potential patients with large
PE volumes using chest radiographs and then assessed vol-
umes using bedside ultrasound. When PE was detected,
clinicians first assessed whether it was due to active surgi-
cal bleeding which required surgical intervention. Drainage
was only performed after excluding the surgical cause of
bleeding. Thoracentesis and catheter placement procedures
followed in-house protocols [13]. Drainage catheters were
either single-lumen central venous (Model CS-24301-E, 16
Ga; Arrow International, Žďár nad Sázavou, Czech Re-
public; Lot 7175240491; CE 2797) or specialized pigtail
drainage catheters (Model DC-0620, 6/8 Fr; Danong Med-
ical, Weifang, China; NMPA Reg. No. 20173140217; Lot
C324291204). For patients receiving respiratory support
with positive end-expiratory pressure effects, such as high-
flow oxygen therapy and non-invasive or invasivemechani-
cal ventilation, the drainage volume was not restricted [14].
Otherwise, drainage volume on the first day was limited to
1000 mL. The daily PE drainage volume was recorded by
measuring the amount of bloody fluid in the drainage bag
at 6:00 am each day.

2.2 Data Collection

We recorded daily PE drainage volumes for the first 7
consecutive days and converted units to mL/kg/day. Addi-
tionally, average PE drainage volumes were separately cal-
culated for the first 2–4 and 5–7 days. If the patient had an
indwelled drain for<7 days, which was not due to an unex-
pected event, a volume = 0 was recorded after the drain was
removed. Total volume was recorded if patients received
bilateral PE drainage (contralateral thoracentesis was per-
formed within 24 h). If not, only the first thoracentesis
drainage volume was recorded. Data from electronic medi-
cal records included patient demographic information (age,
sex, body mass index, chronic disease history), major lab-
oratory tests (N-terminal pro-brain natriuretic peptide (NT-
proBNP), total bilirubin (TB), albumin, alanine aminotrans-
ferase, aspartate aminotransferase, creatinine, hemoglobin,
platelet count, lactate, procalcitonin, white blood cell, etc.),
medications (warfarin and aspirin), illness severity scores
(European System for Cardiac Operative Risk Evaluation

(EuroSCORE) score, Acute Physiology and Chronic Health
Evaluation II (APACHE II) score), supportive treatments
(renal replacement therapy (RRT), tracheostomy, and non-
invasive ventilation), and clinical outcomes (hospital mor-
tality, length of ICU stay, and length of hospital stay).

2.3 Outcome Measures

The primary endpoint was a composite endpoint de-
fined as either hospital mortality or postoperative hospital-
ization exceeding 30 days (poor outcomes). Secondary out-
comes included hospital mortality, length of ICU stay, and
length of hospital stay.

2.4 Statistical Analysis

The normality of continuous variables was assessed
using the Kolmogorov-Smirnov test. Data were presented
as the mean ± standard deviation for normally distributed
variables or the median with interquartile ranges (IQR) for
non-normally distributed variables. Categorical variables
were expressed as total numbers with percentages. Com-
parisons were made using Student’s t-tests or Wilcoxon
rank-sum tests for continuous variables, and chi-square or
Fisher’s exact tests for categorical variables, as appropri-
ate. Scatter plots were generated to evaluate parameters
potentially associated with PE drainage. Logistic regres-
sion analysis was used to assess relationships between PE
drainage and poor outcome or mortality risks. Latent class
growth analysis (LCGA)was used to classify patients based
on their PE volume trajectories, followed by comparisons of
clinical characteristics and prognostic differences between
patients with distinct PE trajectories. All statistical analy-
ses were performed using SPSS 30.0 software (SPSS Corp.,
Chicago, IL, USA) and R software (v.4.3.2, R Foundation
for Statistical Computing, Vienna, Austria), and a p-value
< 0.05 was considered statistically significant.

3. Results
3.1 Patients

During the 3-year study period, 15,928 patients were
admitted to our ICU after cardiac surgery, and 386 were in-
cluded in the study. The cohort comprised of 236 (61.1%)
males with a median age of 65 years (IQR = 56–71).
Among patients, 40 (10.4%) died during hospitalization,
113 (29.3%) had poor outcomes, 83 (21.5%) underwent tra-
cheostomy, and 80 (20.7%) required RRT support. Me-
dian ICU and hospital stays were 8 (IQR = 5–18) and 14
days (IQR = 10–27), respectively. Patients with poor out-
comes had higher EuroSCOREs, lower preoperative left
ventricular ejection fraction scores, higher preoperative cre-
atinine and NT-proBNP levels before surgery, and also
higher APACHE II scores, NT-proBNP levels, TB levels,
and lower hemoglobin levels on the day of thoracentesis
(Table 1).
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Table 1. Clinical characteristics and pleural effusion (PE) in patients with different outcomes.
Overall No poor outcome Poor outcome

p value
(n = 386) (n = 273) (n = 113)

Preoperative condition
Age, years 65 [56–71] 65 [55–71] 65 [57–71] 0.888
Men, n (%) 236 (61.1) 158 (57.9) 78 (69.0) 0.041
BMI, kg/m2 23 [21–25] 23 [21–25] 23 [21–25] 0.782
Hypertension, n (%) 189 (49.0) 132 (48.4) 57 (50.4) 0.708
Diabetes mellitus, n (%) 63 (16.3) 44 (16.1) 19 (16.8) 0.866
CKD, n (%) 24 (6.2) 17 (6.2) 7 (6.2) 0.990
EuroSCORE 5 [3–7] 5 [3–7] 6 [4–8] 0.005
LVEF, % 62 [51–65] 62 [56–65] 60 [45–65] 0.010
Creatinine, µmol/L 91 [73–121] 88 [72–112] 99 [79–138] 0.002
NT-proBNP, ng/mL 1154 [378–3123] 918 [332–2616] 1896 [661–4046] <0.001

Postoperative condition
APACHE II score 9 [7–14] 9 [7–13] 11 [8–16] <0.001
LVEF, % 58 [49–62] 58 [50–62] 58 [46–63] 0.755
NT-proBNP, ng/mL 3431 [1471–7975] 2895 [1325–6427] 5292 [2441–12,044] <0.001
TB, µmol/L 20 [13–32] 18 [12–30] 22 [15–41] 0.003
Albumin, g/L 35 [32–38] 35 [32–38] 35 [31–37] 0.190
ALT, U/L 21 [13–40] 20 [13–35] 25 [12–54] 0.241
AST, U/L 37 [22–64] 36 [23–58] 38 [20–91] 0.629
Creatinine, µmol/L 110 [83–171] 108 [85–154] 127 [82–200] 0.147
Hemoglobin, g/L 86 [76–99] 88 [78–100] 83 [74–98] 0.008
Platelet, 109/L 107 [73–156] 106 [76–146] 109 [62–178] 0.853
Lactate, mmol/L 1.6 [1.3–2.6] 1.6 [1.3–2.5] 1.7 [1.3–2.7] 0.378
Procalcitonin, ng/mL 0.74 [0.31–2.09] 0.66 [0.30, 1.62] 1.16 [0.32, 2.89] 0.009
WBC, 109/L 10.6 [8.2–13.6] 10.5 [8.3–13.6] 10.9 [8.0–13.8] 0.772
pH 7.44 [7.41–7.47] 7.44 [7.41–7.46] 7.44 [7.39–7.48] 0.902
PaCO2, mmHg 39 [35–43] 39 [35–43] 37 [34–42] 0.039
PaO2, mmHg 105 [81–147] 103 [80–143] 113 [84–151] 0.173
Warfarin, n (%) 304 (78.8) 223 (81.7) 81 (71.7) 0.027
Aspirin, n (%) 104 (26.9) 73 (26.7) 31 (27.4) 0.886

Clinical outcomes
Tracheotomy, n (%) 83 (21.5) 19 (7.0) 64 (56.6) <0.001
RRT, n (%) 80 (20.7) 31 (11.4) 49 (43.4) <0.001
NIV, n (%) 142 (36.8) 97 (35.5) 45 (39.8) 0.426
Hospital mortality, n (%) 40 (10.4) 0 (0.0) 40 (35.4) <0.001
Length of ICU stay, day 8 [5–18] 6 [4–9] 24 [13–39] <0.001
Length of hospital stay, day 14 [10–27] 12 [8–17] 40 [32–56] <0.001

Pleural effusion drainage
Day 1, mL/kg/day 11.1 [7.2–16.4] 10.6 [7.1–15.7] 11.8 [7.3–17.3] 0.151
Day 2, mL/kg/day 2.0 [0.5–4.1] 1.8 [0.5–4.1] 2.2 [0.7–4.2] 0.146
Day 3, mL/kg/day 0.3 [0.0–1] 0.3 [0–0.9] 0.6 [0.1–1.4] <0.001
Day 4, mL/kg/day 0.1 [0.0–0.9] 0.0 [0.0–0.6] 0.5 [0.0–1.5] <0.001
Day 5, mL/kg/day 0.0 [0–0.6] 0.0 [0.0–0.3] 0.3 [0.0–1.1] <0.001
Day 6, mL/kg/day 0.0 [0.0–0.2] 0.0 [0.0–0.0] 0.1 [0.0–1.0] <0.001
Day 7, mL/kg/day 0.0 [0.0–0.1] 0.0 [0.0–0.0] 0.1 [0.0–0.8] <0.001
Day 2 to 4 mL/kg/day 1.4 [0.4–3.1] 1.2 [0.4–2.6] 1.7 [1.0–3.8] 0.002
Day 5 to 7, mL/kg/day 0.0 [0.0–1.3] 0.0 [0.0–0.4] 0.9 [0.0–2.8] <0.001

Values are median (IQR) or number of patients (n).
Poor outcome, defined as either hospital mortality or postoperative hospitalization exceeding 30 days. BMI, body
mass index; CKD, chronic kidney disease; LVEF, left ventricular ejection fraction; EuroSCORE, European System
for Cardiac Operative Risk Evaluation; APACHE II score, Acute Physiology and Chronic Health Evaluation II
score; NT-proBNP, N-terminal pro-brain natriuretic peptide; TB, total bilirubin; ALT, alanine transaminase; AST,
aspartate aminotransferase; WBC, white blood cell; RRT, renal replacement therapy; NIV, non-invasive ventilation;
ICU, intensive care unit; IQR, interquartile ranges.
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Table 2. The relationship between the PE drainage volume and clinical prognosis outcomes.
Clinical outcomes Pleural effusion Crude OR p value Adjusted OR p value

Death
Day 1 1.04 [1.01–1.08] 0.023 1.03 [0.99–1.07] 0.170

Day 2 to 4 1.13 [1.04–0.23] 0.006 1.09 [0.96–1.22] 0.066
Day 5 to 7 1.17 [1.06–0.29] 0.002 1.13 [1.01–1.26] 0.036

Poor outcome
Day 1 1.02 [1.00–1.05] 0.092 1.00 [0.98–1.03] 0.743

Day 2 to 4 1.15 [1.06–1.24] <0.001 1.10 [1.02–1.20] 0.014
Day 5 to 7 1.25 [1.13–1.38] <0.001 1.19 [1.08–1.32] <0.001

Data are presented as true value (95% CI). OR, odds ratio.

3.2 PE Drainage Volumes and Associated Factors

Most PE drainage processes (350 patients, 90.7%)
were initiated within 48 h after cardiac surgery, with 279
patients (72.3%) being unilateral (left side: 144 and right
side: 135). The median drainage volume on day 1 was 11.1
(7.2–16.4) mL/kg/day, with no significant differences be-
tween outcome groups. On day 2, the volume decreased
to 2.0 (0.5–4.1) mL/kg/day, but differences remained non-
significant. From day 3 onwards, daily drainage volumes
were significantly higher in patients with poor outcomes (p
= 0.001) (Table 1). Patients had higher average drainage
volumes in the first 2–4 days (1.7 vs. 1.2 mL/kg/day, p
= 0.002) and the first 5–7 days (0.9 vs. 0 mL/kg/day, p
< 0.001) when compared with patients without poor out-
comes (Fig. 1). Moreover, a significant difference in PE
drainage volume was observed between surviving and de-
ceased patients (p < 0.05) (Fig. 1). By analyzing corre-
lations between mean daily PE drainage volumes during
post-thoracentesis days 2–4 and laboratory test results ob-
tained on the day of thoracentesis, we found that only NT-
proBNP and hemoglobin levels and platelet counts were
significantly associated with PE drainage in the first 2–4
days (p < 0.05) (Fig. 2).

3.3 PE Drainage Volumes and Mortality or Poor Outcome
Risks

The first day’s PE drainage volumes showed no signif-
icant associations with hospital mortality (adjusted odds ra-
tio (OR) = 1.03 (95% confidence interval (CI): 0.99–1.07),
p = 0.170) or poor outcomes (adjusted OR = 1.00 (95% CI:
0.98–1.03), p = 0.743) (Table 2). However, the average PE
drainage volume in the first 2–4 days showed a stronger,
significant association with poor outcomes (adjusted OR =
1.10 (95% CI: 1.02–1.20), p = 0.014) (Table 2). This asso-
ciation was further increased in the first 5–7 days (mortal-
ity: adjusted OR = 1.13 (95% CI: 1.01–1.26), p = 0.036 and
poor outcomes: adjusted OR = 1.19 (95% CI: 1.08–1.32),
p < 0.001) (Table 2). The adjusted factors included Eu-
roSCORE, APACHE II score, NT-proBNP, total bilirubin
and warfarin.

3.4 PE Drainage Trajectories and Their Clinical Meaning

Based on daily PE volumes from days 2 to 7 (after tho-
racentesis and adequate drainage), PE drainage trajectories

were generated. LCGA was used to identify three distinct
PE drainage trajectory classes: Class 1 (persistently high
levels, n = 39), Class 2 (gradually declining from high to
low levels, n = 128), and Class 3 (persistently low levels, n
= 219) (Fig. 3). NT-proBNP levels decreased progressively
from Class 1 to Class 3 (Table 3). Class 1 patients had the
highest hospital mortality (20.5%) and poor outcome rates
(53.8%), and the longest ICU (median (IQR) = 15 (9–27
days)) and hospital (IQR = 27 (16–40 days)) stays (Table 3).
Although Class 2 patients had slightly higher incidence of
poor outcomes than Class 3 patients, the differences were
not statistically significant (p = 0.306).

4. Discussion
In this study, we screened more than 15,000 patients,

of which 386 had PEwith at least one puncture and drainage
issue. The most significant conclusion was that increased
continuous thoracic drainage was significantly associated
with poor patient outcomes after cardiac surgery. To our
knowledge, this is the first study to explore the relation-
ship between PE drainage volume (and associated dynamic
trajectories) with prognoses in patients undergoing cardiac
surgery.

We evaluated associations between PE dynamics and
patient outcomes from two perspectives. First, regarding
pleural fluid production, higher mean daily PE volumes
during postoperative days 2–4 and 5–7 were significantly
associated with worse clinical outcomes, indicating that in-
creased fluid production correlated with a poorer prognosis.
Second, an analysis of PE production trends revealed that
a downward trajectory—whether rapid (resulting in per-
sistently low levels) or gradual—was associated with im-
proved outcomes. In contrast, patients with persistently
high PE volumes over 1 week had higher mortality rates
and a greater incidence of composite endpoint events. Cor-
relation analyses between PE production rates and cardiac
function indices suggested that both the magnitude and du-
ration of postoperative PE potentially reflected underlying
cardiac function. In patients with impaired cardiac func-
tion, prolonged and elevated PE may have indicated either
a lack of therapeutic benefit from the surgical intervention
or a sustained procedure-related injury. Notably, these dif-
ferences in PE dynamics became apparent by postoperative
day 3 following thoracentesis and were predictive of subse-
quent clinical outcomes.
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Fig. 1. PE drainage volumes versus patient survival and clinical outcomes. (A) Significantly higher PE drainage volumes were
observed in deceased patients compared to survivors during days 2–4 (p = 0.038). (B) Significantly higher PE drainage volumes were
observed in deceased patients compared to survivors during days 5–7 (p = 0.009). (C) Significantly higher PE drainage volumes were
observed in patients with poor outcomes compared to those without during days 2–4 (p = 0.002). (D) Significantly higher PE drainage
volumes were observed in patients with poor outcomes compared to those without during days 5–7 (p < 0.001).

Despite limited studies on PE trajectory, several stud-
ies have examined PE causes after cardiac surgery. In
Labidi et al. [4], patients with very early PEs were hem-
orrhagic, had higher neutrophil counts, and elevated lactate
dehydrogenase levels, and the authors suggested that early
effusions were possibly due to pleura trauma, whereas late
effusions were more likely due to immune-inflammatory
processes related to postcardiac injury syndrome. Pleu-
rotomy can impair the pleura to resorb pleural fluid and
may also lead to inflammation contributing to PE forma-
tion, consistent with previous findings showing that pleural

injury and immunological perturbationswere two important
PE formation mechanisms after cardiac surgery [15].

Although pleural injury is known to contribute to PE
following cardiac surgery, interindividual differences in PE
formation rates and duration may also be influenced by
other factors. We hypothesize that variations in postop-
erative cardiac function, particularly left ventricular per-
formance, may have key roles. In heart failure, the pri-
mary mechanism underpinning pleural fluid accumulation
involves transudation from the pulmonary interstitium into
the pleural space. Elevated left atrial and left ventricu-
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Fig. 2. PE drainage volumes versus laboratory tests on the day of thoracentesis. (A) PE drainage (mL/kg/day) versus LVEF (%)
showed no significant correlation (R2 = 0, p = 0.901). (B) PE drainage versus NT-proBNP (ng/mL) showed a weak but statistically
significant positive correlation (R2 = 0.051, p< 0.001). (C) PE drainage versus albumin (g/L) showed no significant correlation (R2 = 0,
p = 0.812). (D) PE drainage versus total bilirubin (µmol/L) showed no significant correlation (R2 = 0.004, p = 0.202). (E) PE drainage
versus hemoglobin (g/L) showed a minimal but significant negative correlation (R2 = 0.017, p = 0.011). (F) PE drainage versus platelet
count (109/L) showed a slight but significant negative correlation (R2 = 0.023, p = 0.003). (G) PE drainage versus creatinine (µmol/L)
showed no significant correlation (R2 = 0.002, p = 0.349). (H) PE drainage versus lactate (mmol/L) showed no significant correlation
(R2 = 0.001, p = 0.639). (I) PE drainage versus procalcitonin (ng/mL) showed no significant correlation (R2 = 0, p = 0.879). PCT,
procalcitonin.

lar end-diastolic pressures are retrogradely transmitted to
the alveolar capillaries, promoting fluid leakage and sub-
sequent PE formation. Elevated hydrostatic pressure in
these capillaries increases interstitial fluid in the lungs [16].

The fluid then moves from the pulmonary interstitial space
across the visceral pleura into the pleural space along a pres-
sure gradient. Pleural fluid accumulates when its formation
rate exceeds parietal lymphatic capacity to absorb it.
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Fig. 3. Three distinct PE drainage trajectory classes. (A) Three distinct PE drainage trajectory classes identified by latent class growth
analysis (LCGA). (B) Box plots of daily PE drainage volume (mL/kg) stratified by trajectory class.

Table 3. Different classes of pleural effusion trajectories.
Class 1 Class 2 Class 3

p value
(n = 39) (n = 128) (n = 219)

Pleural effusion drainage
Day 1, mL/kg/day 20.0 [11.0, 25.6] 14.3 [9.7, 19.6] 8.8 [6.1, 12.9] <0.001
Day 2, mL/kg/day 6.3 [2.5, 10.5] 4.5 [3.2, 6.1] 0.7 [0.0, 1.7] <0.001
Day 3, mL/kg/day 1.9 [1.0, 4.2] 1.0 [0.5, 1.5] 0.0 [0.0, 0.3] <0.001
Day 4, mL/kg/day 2.6 [1.8, 3.6] 0.6 [0.1, 1.2] 0.0 [0.0, 0.1] <0.001
Day 5, mL/kg/day 2.6 [1.9, 3.5] 0.2 [0, 0.83] 0.0 [0.0, 0.0] <0.001
Day 6, mL/kg/day 1.8 [1.3, 3.3] 0.0 [0.0, 0.2] 0.0 [0.0, 0.0] <0.001
Day 7, mL/kg/day 1.4 [1.1, 2.6] 0.0 [0.0, 0.0] 0.0 [0.0, 0.0] <0.001
Day 2 to 4 mL/kg/day 5.8 [4.2, 10.8] 2.8 [2.1, 4.5] 0.5 [0.1, 1.1] <0.001
Day 5 to 7, mL/kg/day 5.5 [4.3, 8.1] 0.3 [0.0, 1.4] 0.0 [0.0, 0.1] <0.001

Lab examinations (on the day of thoracentesis)
NT-proBNP, ng/mL 5616 [2954, 11,650] 4089 [1647, 8666] 2799 [1326, 6706] 0.002
TB, µmol/L 28 [14, 44] 21 [14, 29] 18 [12, 32] 0.059
Albumin, g/L 35 [33, 38] 36 [32, 38] 35 [32, 38] 0.545
ALT, U/L 18 [12, 28] 20 [12, 40] 22 [14, 42] 0.279
AST, U/L 39 [21, 72] 36 [22, 68] 36 [23, 60] 0.988
Creatinine, µmol/L 107 [84, 181] 109 [81, 165] 112 [86, 171] 0.503
Hemoglobin, g/L 85 [75, 95] 84 [75, 94] 88 [79, 104] 0.011
Platelet, 109/L 90 [55, 138] 102 [70, 141] 113 [77, 164] 0.046
Lactate, mmol/L 1.5 [1.4, 3.1] 1.7 [1.3, 2.8] 1.6 [1.3, 2.4] 0.573
Procalcitonin, ng/mL 0.86 [0.38, 2.30] 0.61 [0.30, 1.77] 0.85 [0.31, 2.42] 0.183
WBC, 109/L 9.7 [7.6, 13.7] 10.6 [8.6, 13.3] 10.6 [8.3, 14.5] 0.612

Clinical outcomes
Hospital mortality, n (%) 8 (20.5) 14 (10.9) 18 (8.2) 0.065
Length of hospital stay, day 27 [16, 40] 14 [10, 27] 13 [8, 24] <0.001
Length of ICU stay, day 15 [9, 27] 8 [5, 16] 7 [4, 15] <0.001
Poor outcome, n (%) 21 (53.8) 38 (29.7) 54 (24.7) 0.001

Values are median (IQR) or number of patients (n).
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In this study, we hypothesized that in early PE stages,
cardiac insufficiency or excessive circulation load may
have triggered PE generation mechanisms. This caused dif-
ferent PE generation rates in different patients from day 3
after pleural puncture and drainage. One observation that
could support this hypothesis are NT-proBNP levels. In
recent years, circulating natriuretic peptide levels have be-
come useful adjunctive tools in heart failure (HF) diagnos-
tics [17]. Both BNPs and NT-proBNPs are secreted almost
exclusively from ventricles in response to pressure and vol-
ume overload. Overall, as BNP or NT-proBNP levels in-
crease, the likelihood of HF also increases. In our study, we
did not test for BNP in pleural fluid, but collected serumNT-
proBNP data. NT-proBNP levels were high in the “persis-
tently high” trajectory group (median (IQR) = 5616 (2954–
11,650 ng/mL)) and were associated with mean daily pleu-
ral fluid production on days 2–4. Although our analysis
revealed a statistically significant correlation between PE
drainage volume and serumNT-proBNP levels (R2 = 0.051,
p < 0.001), the low coefficient of determination indicates
that this linear relationship accounts for merely 5.1% of the
observed variance in drainage volumes. The observed cor-
relation probably reflects the shared underlying pathophysi-
ology of cardiac dysfunction and fluid overload states, con-
sistent with NT-proBNP’s established role as a ventricular
stress marker rather than a direct mediator of pleural fluid
accumulation.

In our study, another indicator closely related to PE
generation was platelet levels. Similar to NT-proBNP,
platelets were inversely correlated with average daily PE
volumes from 2 to 4 days. Although a statistically sig-
nificant but weak inverse correlation was observed (R2 =
0.023, p = 0.003), suggesting that platelet levels may par-
tially reflect disease severity and surgical trauma intensity
in PE patients, the minimal explained variance indicates
that other pathophysiological factors likely play more pre-
dominant roles in determining drainage volumes. In the
“persistently high” trajectory group, platelet levels were
significantly lower, and levels were highest in the “persis-
tently low” control group. Cardiopulmonary bypass (CPB)
used in cardiac surgery may decrease platelet counts in ini-
tial phases [18–20]. Postoperative thrombocytopenia may
also occur due to CPB hemodilution and mechanical dam-
age to platelets [21]. In Keles et al. [22], pump and cross-
clamp timeswere negatively correlatedwith platelet counts.
Beyond baseline fibrinolysis and inflammatory stimuli as-
sociated with blood exposure to cardiopulmonary bypass
circuits, high-dose systemic heparin exposure may further
increase heparin induced thrombocytopenia perioperative
risks [23,24]. For patients with normal preoperative platelet
counts, postoperative decreases may not be necessarily re-
lated to cardiac function, but lower platelet countsmean that
patients may have higher bleeding risks. In our study, at the
time of PE, patients with lower platelet counts had greater
pleural fluid production. Therefore, platelet counts may be

contributing factors to PE generation and amplify PE effects
caused by decreased cardiac function and pleural injury.

5. Limitations
This study had several limitations. First, as a single-

center, retrospective observational study, the generalizabil-
ity of our findings may be limited, and the decision to
perform thoracentesis and catheter drainage, based on at-
tending physician judgement, may have introduced selec-
tion bias. Second, we analyzed PE drainage volumes for
only the first 7 days after cardiac surgery, without assessing
the long-term impact on patient outcomes or the biochemi-
cal/cellular composition of drained PE volumes, which may
have highlighted underlying pathophysiology mechanisms.
Finally, despite adjusting for potential confounders in logis-
tic regression analysis, residual confounding factors may
still have existed due to the observational nature of the
study.

6. Conclusions
PE formation trends showed a strong correlation with

mortality and poor outcomes in patients who underwent car-
diac surgery. Patients with persistently high PE drainage
volumes represent a population that require close monitor-
ing and attention.
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