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Abstract 

Background  Nonmalignant pleural effusion (NMPE) is common and remains a definite health care problem. 
Pleural effusion was supposed to be a risk factor for acute kidney injury (AKI). Incidence of AKI in NMPE patients 
and whether there is correlation between the size of effusions and AKI is unknown.

Objective  To assess the incidence of AKI in NMPE inpatients and its association with effusion size. 

Study design and method  We conducted a retrospective cohort study of inpatients admitted to the Chinese PLA 
General Hospital with pleural effusion from 2018-2021. All patients with pleural effusions confirmed by chest radiog-
raphy (CT or X-ray) were included, excluding patients with diagnosis of malignancy, chronic dialysis, end-stage renal 
disease (ESRD), community-acquired AKI, hospital-acquired AKI before chest radiography, and fewer than two serum 
creatinine tests during hospitalization. Multivariate logistic regression and LASSO logistic regression models were used 
to identify risk factors associated with AKI. Subgroup analyses and interaction tests for effusion volume were per-
formed adjusted for the variables selected by LASSO. Causal mediation analysis was used to estimate the mediating 
effect of heart failure, pneumonia, and eGFR < 60 ml/min/1.73m2 on AKI through effusion volume. 

Results  NMPE was present in 7.8% of internal medicine inpatients. Of the 3047 patients included, 360 (11.8%) devel-
oped AKI during hospitalization. After adjustment by covariates selected by LASSO, moderate and large effusions 
increased the risk of AKI compared with small effusions (moderate: OR 1.47, 95%CI 1.11-1.94 p = 0.006; large: OR 1.86, 
95%CI 1.05-3.20 p = 0.028). No significant modification effect was observed among age, gender, diabetes, bilateral 
effusions, and eGFR. Volume of effusions mediated 6.8% (p = 0.005), 4.0% (p = 0.046) and 4.6% (p < 0.001) of the effect 
of heart failure, pneumonia and low eGFR on the development of AKI respectively. 

Conclusion  The incidence of AKI is high among NMPE patients. Moderate and large effusion volume is indepen-
dently associated with AKI compared to small size. The effusion size acts as a mediator in heart failure, pneumonia, 
and eGFR. 
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Introduction
Pleural effusion (PE) is a common clinical manifestation 
in hospitalized patients and is associated with significant 
morbidity and mortality. It affects more than 3,000 peo-
ple per million population each year [1]. Nonmalignant 
pleural effusions (NMPE) are usually associated with 
organ dysfunction such as pneumonia and heart failure 
[2].

Acute kidney injury (AKI) is a common syndrome 
of complex etiology and pathophysiological mecha-
nisms leading to abrupt loss of renal function. Hospital 
acquired AKI (HA-AKI) is reported to happen in 9.1% 
patients that not only associated with short-term adverse 
outcomes, but also has a long-term negative impact on 
survival [3–6]. Even mild AKI is considered to be an 
independent predictor of various adverse outcomes [7, 
8].

Large effusions can lead to a number of pathophysio-
logical changes such as hypoxia and hemodynamic com-
promise putting patients at risk of AKI [9, 10]. What’s 
more, Siniorakis et  al. hypothesized a pleurorenal inter-
action, suggesting that neurohormonal derangements 
occur in PE patients, leading to renal hemodynamic alter-
ations and AKI [11]. However, the incidence of AKI in 
hospitalized patients with NMPE is not well understood 
and there are few data on the relationship between effu-
sion volume and AKI. Therefore, we conducted a large 
cohort of consecutive patients based on the electronic 
medical record (EMR) to determine the incidence of AKI 
in NMPE and its association with the size of effusion in 
hospitalized NMPE patients.

Methods
Study design and population
We conducted a retrospective cohort of inpatients admit-
ted to Chinese People’s Liberation Army (PLA) General 
Hospital, the largest tertiary care academic hospital in 
China based on EMR. The EMR in the PLA general hos-
pital is a unified database, with data collected by each 
department [12]. We included all patients who: 1) were 
admitted to the internal medicine wards, excluding 
oncology and hematology departments, between 1 Janu-
ary 2018 and 31 December 2021; 2) diagnosed with pleu-
ral effusion by chest CT or X-ray. Patients were excluded 
if they had: 1) a discharge diagnosis of malignancy such 
as lung cancer, breast cancer or leukemia; 2) less than 
two serum creatinine (sCr) tests during hospitalization; 
3) end-stage renal disease (ESRD), kidney transplantation 
or maintenance dialysis. To ensure the temporal relation-
ship between effusion and AKI, we focused on patients 
with hospital-acquired AKI (HA-AKI) after CT/X-ray 
exams, excluding HA-AKI before the exams and com-
munity-acquired AKI (CA-AKI), which was defined as: 

1) patients admitted with AKI according to the diagno-
sis code; 2) the change of sCr within 24 h after admission 
met the KDIGO definition [6]. The study was approved 
by the Research Ethics Committee of the PLA General 
Hospital (No.S2022-730–01).

Definition and measurement
The diagnosis of pleural effusion was confirmed by CT 
and X-ray images, which were read independently by 
two radiologists. Effusions were quantified by size as 
small (0–25%), moderate (25–50%) and large (50–100%) 
at the midclavicular line based on the division of the 
hemithorax on CT [13]. On the postero-anterior chest 
radiograph, we classified effusion volume being small 
as obliteration of the costophrenic angle, moderate as 
extending from the diaphragm to the pulmonary hilum, 
and large as extending beyond the hilar region [14].

AKI was defined based on the KDIGO criteria: 0.3 mg/
dl increase in sCr or ≥ 1.5–1.9 times baseline as stage 1; 
sCr ≥ 2–2.9 times baseline as stage 2; sCr > 3 times base-
line or ≥ 4.0 mg/dl or RRT therapy during hospitalization 
as stage 3 [15]. Diagnostic criteria for changes in urine 
output were not used due to lack of data. The lowest sCr 
during hospitalization was used as baseline. Estimated 
glomerular filtration rate (eGFR) was calculated by the 
CKD-EPI formula with baseline creatinine [16].

Outcome measures
The primary outcome was the development of hospital-
acquired AKI. Outcomes were ascertained from data 
extracted from the EMR.

Covariates
Clinical characteristics were obtained from the EMR, 
including demographics, ICU admission, mechanical 
ventilation, thoracentesis, medications, comorbidities, 
and laboratory results. The laboratory results closest to 
the date of the CT or X-ray examination were recorded. 
The Charlson comorbidity index was obtained to sum-
marize comorbidity information. Pneumonia was defined 
as implied pneumonia in chest image with a diagnosis of 
pneumonia at discharge.

Statistical analysis
Continuous variables were compared using Student’s 
t-test (for normally distributed variables) or Wilcoxon 
rank sum test (for non-normally distributed vari-
ables). Categorical variables were compared using the 
chi-squared test. Univariate and multivariate logistic 
regression was used to determine risk factors associ-
ated with the occurrence of HA-AKI. Covariates for 
multivariate regression models were selected by uni-
variate analysis. Odds ratios (OR), 95% confidence 
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intervals, and P values were reported for comparison. 
To reduce the risk of overfitting in ordinary logistic 
models and to select the most important predictive 
factors, we used the LASSO logistic regression model 
to select the most useful predictive factors for AKI in 
NMPE patients [17]. We also used multivariate logis-
tic regression, adjusted for the variables selected by 
LASSO, to explore the effect of effusion volume on 
different subgroups and estimated the significance of 
their interactions using likelihood ratio tests. To assess 
the mediating effect of effusion volume, we used causal 
mediation analysis to estimate the extent to which 
effusion volume mediates the effect of heart failure, 
pneumonia and eGFR below 60  mL/min/1.73 m2 on 
AKI [18]. We generated three independent single 
mediator models with volume as the assumed media-
tor and adjusted each of the three models for age, sex, 
ICU admission, and use of spironolactone and loop 
diuretics. We estimated the average causal mediation 
effect (ACME), the average direct effect (ADE) and the 
average total effect (ATE). All analyses were performed 
with R4.2.0. Two-sided nominal p-values < 0.05 were 
considered statistically significant.

Results
A total of 86,645 inpatients were screened between Janu-
ary 1, 2018, and December 31, 2021. Among them, 63,395 
(73.2%) underwent chest radiological tests (CT/X-ray), 
and 6,956 of them had pleural effusions. After excluding 
2019 cases with a discharge diagnosis of malignant dis-
eases, there were 4937 cases, accounting for 7.8% of those 
admitted to internal medicine. After excluding 422 cases 
with sCr tests fewer than 2 during hospitalization, 935 
cases diagnosed end-stage renal disease, regular dialy-
sis, or kidney transplantation, 372 cases having CA-AKI 
and 161 cases having HA-AKI before chest image exams, 
3047 cases were included in the final analysis (Fig.  1). 
Among the 3047 patients, 2019 (66.3%) cases of effusions 
were diagnosed with CT scan, 924 (30.3%) were diag-
nosed by orthostatic plain radiograph, and 104 (3.4%) 
were diagnosed by supine radiograph.

Incidence of AKI in NMPE inpatients
Of the 3047 patients, a total of 360 (11.8%) developed 
AKI, of which 232 patients had stage 1, 81 patients had 
stage 2 and 47 patients had stage 3 AKI. Table 1 shows 
the demographics, imaging characteristics, treatments, 
medication, and laboratory results of AKI group and 

Fig. 1  The inclusion flowchart
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non-AKI group. Patients in the AKI group were older 
and had lower baseline eGFR than the non-AKI group. 
The proportion of patients with heart failure (38.3% vs. 
61.9%), pneumonia (35.6% vs. 51.7%) and ICU admis-
sion (15.4% vs. 38.9%) and the median CCI score (1 vs. 
2) were significantly higher in the AKI group. The use 
of glycopeptide antibiotics, aminoglycoside antibiotics, 
loop diuretics, vasoactive drugs and digitalis was higher 
in the AKI group. Patients in the AKI group had higher 
white blood cell count, C-reactive protein (CRP), lower 
platelet count and a higher proportion of proteinuria. 

More patients in the AKI group had moderate or large 
effusions (moderate 35.3% vs 18%, large 6.4% vs 2.6%).

Risk factors for HA‑AKI among NMPE patients
The result of univariate logistic regression is shown in 
Fig.  2. Multivariate logistic regression showed that in 
addition to volume of effusions, mechanical ventilation, 
ICU admission, use of vancomycin/teicoplanin, vasoac-
tive drugs, spironolactone, loop diuretics, NSAIDs, low 
eGFR and platelets, high leukocyte count, proteinuria 

Table 1  The characteristics of NMPE patients and comparison between AKI and non-AKI group

Abbreviation: eGFR estimated glomerular filtration rate, WBC white blood cell, CRP C-reactive protein, ACEI Angiotensin-Converting Enzyme Inhibitors, ARB 
angiotension II receptor blocker, NSAIDs nonsteroidal anti-inflammatory drug, CCI Charlson Comorbidity Index
a Effusions were classified either as transudative or exudative by Light’s criteria

n Overall Non-AKI AKI p
3047 2687 360

eGFR (mean (SD)) (mL/min/1.73m2) 84.87 (31.24) 86.90 (30.05) 69.76 (35.54)  < 0.001

Age (median [IQR]) 66 [50, 80] 64 [49, 79] 78 [60.75, 87]  < 0.001

Female (%) 1119 (36.7) 977 (36.4) 142 (39.4) 0.279

Bilateral (%) 1907 (62.6) 1685 (62.7) 222 (61.7) 0.744

Pleural effusion volume (%)  < 0.001

  Small 2342 (76.9) 2132 (79.3) 210 (58.3)

  Median 612 (20.1) 485 (18.0) 127 (35.3)

  Large 93 (3.1) 70 (2.6) 23 (6.4)

ICU admission (%) 555 (18.2) 415 (15.4) 140 (38.9)  < 0.001

WBC count (median [IQR]) (*10^9/L) 7.00 [5.35, 9.56] 6.91 [5.30, 9.36] 7.78 [5.79, 11.15]  < 0.001

Serum sodium (median [IQR]) (mmol/L) 139.80 [136.90, 142.20] 139.80 [137.00, 142.10] 139.70 [136.00, 143.10] 0.716

Serum potassium (median [IQR]) (mmol/L) 3.89 [3.56, 4.20] 3.88 [3.56, 4.19] 3.97 [3.57, 4.40] 0.003

Proteinuria (%) 1037 (35.4) 867 (33.6) 170 (48.4)  < 0.001

Platelet count (median [IQR]) (*10^9/L) 201.00 [148.00, 265.00] 205.00 [151.00, 269.00] 172.50 [114.00, 227.00]  < 0.001

CRP (median [IQR]) (mg/L) 0.50 [0.10, 2.50] 0.40 [0.10, 2.30] 1.40 [0.31, 4.70]  < 0.001

Serum albumin (median [IQR]) (g/L) 33.00 [27.90, 37.10] 33.10 [27.90, 37.20] 32.20 [28.10, 36.00] 0.056

Mechanical ventilation (%) 211 (6.9) 142 (5.3) 69 (19.2)  < 0.001

Thoracentesis (%) 212 (7.0) 165 (6.1) 47 (13.1)  < 0.001

Exudatesa (n/total (%)) 96/177 (54.2) 80/141 (56.7) 16/36 (44.4) 0.186

Contrast agents (%) 671 (22.0) 624 (23.2) 47 (13.1)  < 0.001

NSAIDs (%) 648 (21.3) 543 (20.2) 105 (29.2)  < 0.001

Vancomycin/Teicoplanin (%) 379 (12.4) 285 (10.6) 94 (26.1)  < 0.001

Aminoglycosides (%) 72 (2.4) 57 (2.1) 15 (4.2) 0.027

Spironolactone (%) 1320 (43.3) 1103 (41.0) 217 (60.3)  < 0.001

ACEI/ARB (%) 1124 (36.9) 1008 (37.5) 116 (32.2) 0.058

Loop diuretics (%) 2036 (66.8) 1709 (63.6) 327 (90.8)  < 0.001

Vasoactive agents (%) 233 (7.6) 148 (5.5) 85 (23.6)  < 0.001

Digitalis (%) 382 (12.5) 301 (11.2) 81 (22.5)  < 0.001

Heart failure (%) 1252 (41.1) 1029 (38.3) 223 (61.9)  < 0.001

Pneumonia (%) 1142 (37.5) 956 (35.6) 186 (51.7)  < 0.001

Pancreatitis (%) 90 (3.0) 79 (2.9) 11 (3.1) 1

CCI (median [IQR]) 2.00 [1.00, 3.00] 1.00 [1.00, 3.00] 2.00 [1.00, 4.00]  < 0.001
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were independent risk factors for AKI during hospitaliza-
tion (Fig. 3).

Then, we used LASSO regression to select variables. 
The number of identified variables selected by cross-
validation is shown in Fig.  4. The LASSO coefficient 
profiles of the 28 variables and the result of selection by 
threshold are shown in Fig. 5. After LASSO logistic anal-
ysis, 18 risk factors were selected, including age, pleural 
effusion volume, ICU admission, eGFR, WBC count, 
proteinuria, platelet count, CRP, mechanical ventila-
tion, contrast agents, NSAIDs, vancomycin/teicoplanin, 

spironolactone, loop diuretics, vasoactive agents, heart 
failure, pneumonia and CCI (Fig. 6).

Association between pleural effusion volume and HA‑AKI 
in NMPE patients
Patients with moderate and large effusion volume were 
2.66 (p < 0.001) and 3.34 (p < 0.001) times more likely to 
develop AKI, respectively, compared with small effu-
sions in univariate analysis. After adjustment by covari-
ates selected by LASSO, moderate and large effusions 
increased the odds of AKI compared with small effusions 

Fig. 2  The results of univariate logistic regressions modeling HA-AKI in NMPE patients. Abbreviation: eGFR = estimated glomerular filtration rate; 
WBC = white blood cell; CRP = C-reactive protein; NSAIDs = non-steroidal anti-inflammatory drug; CCI = Charlson Comorbidity Index

Fig. 3  The result of multivariate logistic regressions modeling HA-AKI in NMPE patients. Abbreviation: eGFR = estimated glomerular filtration rate; 
WBC = white blood cell; CRP = C-reactive protein; NSAIDs = non-steroidal anti-inflammatory drug; CCI = Charlson Comorbidity Index



Page 6 of 10Wang et al. BMC Nephrology          (2024) 25:118 

(moderate: OR 1.47, 95% CI 1.11–1.94 p = 0.006; large: 
OR 1.86, 95% CI 1.05–3.20 p = 0.028).

The effect of volume of effusions on different subgroup
The forest plot of effusion volume in different subgroups 
is shown in Fig.  7. We found that effusion volume was 
associated with increased odds of AKI in male patients 

(OR = 1.36, 95% CI 1.03–1.79), patients without diabetes 
(OR = 1.41, 95%CI 1.10–1.80), patients with bilateral effu-
sions (OR = 1.50, 95%CI 1.15–1.95), patients with eGFR 
above 90 mL/min/1.73 m2 (OR = 1.63, 95%CI 1.11–2.37). 
The size of effusions increased the odds more in patients 
under 60 years of age (OR = 1.76, 95%CI 1.15–2.63) com-
pared to patients over 60 years of age (OR = 1.34, 95%CI 
1.03–1.73). The likelihood ratio test in each subgroup 
gives a p-value ranging from 0.0928 to 0.7999, indicating 
that there are no significant interactions between effu-
sion volume and the indicator variables.

Causal mediation analysis of volume of effusions
Mediation analyses showed that effusion volume might 
work as a mediator of heart failure, pneumonia and low 
eGFR on the development of AKI, with ACMEs 0.0025, 
0.0017, 0.0043, respectively. The ACMEs are significant, 
although most of the effect of the three variables couldn’t 
be explained by effusion volume, with the proportion of 
effect mediated being 6.8% (p = 0.005), 4.0% (p = 0.046) 
and 4.6% (p < 0.001) respectively. The decompositions of 
the effects are shown in Fig. 8.

Discussion
Our results showed that of the 3047 patients, 360 (11.8%) 
developed AKI during hospitalization. Although malig-
nant pleural effusions usually accompanied with poor 
outcome, worse prognosis in patients with NMPE due 
to organ dysfunction was being noticed [19]. AKI should 
be considered as a systemic problem leading to multi-
organ injury and even mild AKI is related to short or long 
adverse events. Thus, AKI might be crucial to be pre-
vented and treated to improve NMPE patients’ prognosis.

We hypothesized that the volume of effusions related 
to AKI, which was verified in multivariate logistic regres-
sion after adjusting all the covariates we thought related 
to AKI. Large pleural effusions can alter respiratory 
mechanics and lead to abnormal gas exchange, reduc-
tion in diaphragmatic function or pleural irritation. Ani-
mal models have been used to study the effects of varying 
pleural effusion volumes and have shown that increased 
pleural effusion volume is associated with decreased 
PaO2, increased intrapulmonary shunts and a significant 
decrease in left ventricular preload [20–22]. These have 
been verified in human patients. Razazi K et al. reported 
that drainage of large pleural effusions improved oxy-
genation and end-expiratory lung volume [9]. Another 
prospective study showed improved preload, systolic and 
diastolic function and hemodynamic changes after drain-
age of large effusions [10]. What’s more, in a case report 
of a patient with acute kidney injury in the course of a 
large pleural effusion, the authors suggested an interde-
pendence between pleural effusion and kidney injury, 

Fig. 4  The cross-validation results. The value between the two 
dotted lines is the range of the standard deviations of log (λ). The 
right vertical line indicated the value of log (λ) when the error 
of the model is minimized

Fig. 5  LASSO coefficient profiles of the variables. A vertical line 
was drawn at the value chosen by cross-validation. As the value 
of λ decreased, the degree of model compression increased 
and the function of the model to select important variables increased
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Fig. 6  Risk factors selected by LASSO logistic regression model. 18 variables were selected with their odds ratio, 95%CI and p value shown

Fig. 7  Subgroup analysis and interaction tests for effusion volume. Each model was adjusted for the 18 variables selected by LASSO regression. The 
likelihood ratio test in each subgroup shows no statistical significance

Fig. 8  Effect decomposition plots for each mediator model. ACME average causal mediation effect, ADE average direct effect. The total effect 
is shown as the average effect. All effects are shown with their 95% confidence intervals
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which was attributed to neurohormonal derangements, 
affecting the secretion of natriuretic peptides and/or 
antidiuretic hormone [11]. In another study of patients 
having non-cardiac pleural effusion with normal blood 
pressure and renal function, the renal artery resistance 
index (RI) and pulsatility index (PI) of patients having 
effusion were higher than those normal controls [23]. The 
above hypotheses, suggesting that pleural effusion may 
lead to complicated pathophysiological changes in kidney 
through neurohumoral regulation, are proposed by clini-
cal manifestations and rationality needs further verifica-
tion. We also need consider that pleural effusion is one of 
the prognostic scores of pneumonia and acute pancreati-
tis [24, 25], and pleural effusion volume is associated with 
poor outcomes in these acute conditions [26, 27]. For 
non-specific conditions, a prospective multicenter study 
of hospitalized patients with PE showed that large effu-
sions were associated with higher mortality than small 
effusions at 1 year after adjustment for other factors [13]. 
AKI was known to be a measurable prognostic marker in 
several types of disease, as demonstrated by many studies 
[28–30]. Therefore, size of effusions could be expected to 
be related to AKI for their common association with dis-
ease severity which can’t be fully adjusted.

A meta-analysis showed that older age was associated 
with a higher risk of AKI, but this effect was attenuated 
by lower eGFR or higher albumin-to-creatinine ratio 
(ACR), and eGFR and ACR were consistent, strong risk 
factors for AKI [31]. In our study, the odds ratio of age 
was 1.68 (95%CI 1.49–1.92; p < 0.001) in univariate analy-
sis, but in multivariate analysis and LASSO analysis, the 
odds ratio of age was attenuated with no statistically sig-
nificant difference, although it was selected by LASSO 
analysis, which might be due to other stronger risk fac-
tors. Proteinuria and eGFR remained independent risk 
factors in our study. 37.5% of patients had pneumonia, so 
infection was a very common problem in NMPE patients 
if abdominal and intracranial infection were added. 
We found vancomycin/teicoplanin was an independ-
ent contributor to AKI with a relatively high odds ratio 
(OR = 1.97, 95% CI 1.38–2.81). The exact mechanism by 
which vancomycin/teicoplanin induces nephrotoxicity is 
unclear, which was reported to be associated with oxi-
dative stress [32]. Although vancomycin/teicoplanin is 
not the preferred anti-infective agent because of its side 
effects, it is one of the few antibiotics of choice for methi-
cillin-resistant Staphylococcus aureus (MRSA) infections. 
Clinicians should carefully monitor urine output and cre-
atinine when using vancomycin/teicoplanin. Our results 
suggest that both spironolactone and loop diuretics are 
risk factors for AKI in multivariate analysis with a rela-
tive high odds ratio. This may be related to concomitant 
heart failure, renal insufficiency and cirrhosis, or reduced 

renal perfusion with diuretics. Therefore, a better way to 
use diuretics in NMPE patients needs to be further inves-
tigated. In addition, the use of NSAIDs was also an inde-
pendent risk factor for HA-AKI with a high odds ratio, 
which may be related to the hemodynamic changes or 
damage to the renal interstitium from NSAIDs [33]. In 
addition, uncontrolled infection causing fever or rapid 
volume depletion due to diaphoresis after NSAIDs use 
could be confounders, so NMPE patients may be at high 
risk when using NSAIDs and should be used cautiously 
or in reduced doses when it’s necessary to improve symp-
toms. The Charlson comorbidity index (CCI) was a pre-
dictor of AKI in many diseases [34–36]. Previous studies 
showed that the number of comorbidities and CCI were 
predictors of both short-term and long-term mortality in 
patients with PE [13, 37]. We hypothesized that NMPE 
patients hospitalized with multiple comorbidities may 
have had an acute change in condition during admission 
leading to acute kidney injury, considering a high bur-
den of comorbidity was quite common in NMPE patients 
(the median CCI was 2 in our study and 5 in the previ-
ous research) [13]. The odds ratio of CCI was 1.69 in our 
univariate analysis (95%CI 1.52–1.87), but was not sig-
nificant after adjustment for other variables. We found 
that effusion volume might work as a mediator between 
heart failure, pneumonia or eGFR and AKI, although the 
effect was small. This may support our hypothesis that 
the volume of PE was associated with AKI. Researches 
have shown that in the course of progression of pneu-
monia-related pleural effusion, imbalance of various pro- 
and anti-inflammatory factors, abnormal activity of the 
fibrinolytic system play an important role, which have 
been considered as mechanisms for the development of 
AKI in a variety of models [38–40] as well. Thus, there 
may be a common pathway for the development of AKI 
and increase of pleural effusion. Besides, we hypothe-
sized that the mechanism of the mediating effect of effu-
sions on heart failure and eGFR might be hemodynamic 
changes. The above findings of an underlying mediating 
effect of volume can only be considered hypothesis-gen-
erating, showing possible associations but not necessar-
ily causal relationships. It cannot be excluded that similar 
changes obtained by other approaches than the volume 
of effusions may contribute.

In fact, in the majority of cases, clinicians couldn’t 
determine the course of the effusion because of its 
insidious onset. Meanwhile, most patients had more 
than one etiology and only a few of them had fluid 
examination results [37]. Thus, much remains to be 
done. Our study found AKI incidence was high among 
NMPE patients and analyzed the risk factors and the 
correlation between the size of effusion and AKI, 
attempting to provide some implications for clinicians 
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to improve the prognosis of the underlying high mor-
tality patients through the development of AKI. How-
ever, it has some limitations. First, measurement bias 
was likely because supine radiographs are only mod-
erately sensitive and specific for assessing pleural effu-
sions, but it only accounted for 3.4% in our study and 
we included these patients to get as close to the real 
scenario as possible. Second, due to the retrospective 
nature of the study, only a proportion of patients had 
urine output data, which may lead to an underestima-
tion of the incidence of AKI grade [41]. In addition, we 
are unable to assess the fluid balance status of patients 
because of the lack of reliable data such as central 
venous pressure (CVP). Some important risk factors 
such as shock and sepsis might be missed, and instead, 
we included vasoactive drugs (used before AKI) as 
covariates in the multiple model. Third, we didn’t fol-
low up patients to get long-term outcomes. Forth, the 
outcome in our study was unbalanced, which might 
introduce sparse effects [42]. To evaluate this effect, 
we used Firth-type penalization and there was no sig-
nificant difference between original multivariate logis-
tic regression and Firth’s logistic regression model (see 
Additional file 1). Finally, this was a single-center study 
and there may be unmeasured confounders, so the 
causal relationship needs future studies supported by a 
larger sample from multiple centers.

Conclusion
The incidence of AKI is high among NMPE patients and 
large effusion volume is independent associated with AKI 
compared to small size. The effusion size acts as a media-
tor in heart failure, pneumonia, and eGFR.

Abbreviations
AKI	� Acute kidney injury
EMR	� Electronic medical record
CI	� Confidence interval
eGFR	� Estimated glomerular filtration rate
IQR	� Interquartile range
NMPE	� Nonmalignant pleural effusion
NT-proBNP	� N-terminal pro-B-type natriuretic peptide
SD	� Standard deviation
PE	� Pleural effusion

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12882-​024-​03556-4.

Additional file 1. Comparison of multivariate logistic and firth logistic 
regression. The two models are almost identical and the sparse effect 
might be negligible.

Acknowledgements
We would like to express our sincere thanks to colleagues from the First 
Medical Center of Chinese PLA General Hospital. We would like to thank all 
volunteers who participated in the study.

Author’s contributions
Author contributions: Conceptualization, P.L., X.C. and D.W.; methodology, P.L., 
Y.N. and D.W.; formal analysis, P.L., Y.N., F.L. and D.W.; investigation, D.C, C.L. and 
F.L.; writing original draft preparation, P.L., Y.N. and D.W.; writing-review and 
editing, Z.F., X.C. and L.Z.; supervision, P.L., L.Z, G.C. and X.C. All authors have 
read and agreed to the published version of the manuscript.

Funding
This work was supported by the National Key Technology R&D Program 
(No.2022YFC3602005, No.2021YFC3002203), National Natural Science Founda-
tion of China (No.32141005, No.82274327).

Availability of data and materials
Some or all datasets generated during and/or analyzed during the current 
study are not publicly available but are available from the corresponding 
author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study has been approved and informed consent was exempted by the 
Research Ethics Committee of the Chinese People’s Liberation Army (PLA) 
General Hospital, and the ethical approval number is S2022-730–01.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Nephrology, First Medical Center of Chinese PLA General 
Hospital, National Key Laboratory of Kidney Diseases, National Clinical 
Research Center for Kidney Diseases, Beijing Key Laboratory of Kidney Diseases 
Research, Beijing 100853, China. 2 Department of Urology, Chinese Academy 
of Medical Sciences and Peking Union Medical College, Beijing, China. 

Received: 6 September 2023   Accepted: 21 March 2024

References
	1.	 Grendelmeier P, Rahman NM. What’s the score? Do pleural effusion clini-

cal scoring systems help in management of disease? Semin Respir Crit 
Care Med. 2019;40(3):394–401.

	2.	 Porcel JM. Nonmalignant pleural effusions. Seminars Respir Crit Care Med. 
2022;43(4):570–82.

	3.	 Ronco C, Bellomo R, Kellum JA. Acute kidney injury. Lancet. 
2019;394(10212):1949–64.

	4.	 Levey AS, James MT. Acute Kidney Injury. Ann Intern Med. 
2017;167(9):itc66–80.

	5.	 Doyle JF, Forni LG. Acute kidney injury: short-term and long-term effects. 
Critical care (London, England). 2016;20(1):188.

	6.	 Xu X, Nie S, Liu Z, Chen C, Xu G, Zha Y, Qian J, Liu B, Han S, Xu A, et al. 
Epidemiology and clinical correlates of AKI in Chinese hospitalized adults. 
Clin J Am Soc Nephrol. 2015;10(9):1510–8.

	7.	 O’Connor ME, Hewson RW, Kirwan CJ, Ackland GL, Pearse RM, Prowle JR. 
Acute kidney injury and mortality 1 year after major non-cardiac surgery. 
Br J Surg. 2017;104(7):868–76.

	8.	 Uchino S, Bellomo R, Bagshaw SM, Goldsmith D. Transient azotaemia is 
associated with a high risk of death in hospitalized patients. Nephrol, 
Dialy, Transplant. 2010;25(6):1833–9.

https://doi.org/10.1186/s12882-024-03556-4
https://doi.org/10.1186/s12882-024-03556-4


Page 10 of 10Wang et al. BMC Nephrology          (2024) 25:118 

	9.	 Razazi K, Thille AW, Carteaux G, Beji O, Brun-Buisson C, Brochard L, 
Mekontso Dessap A. Effects of pleural effusion drainage on oxygenation, 
respiratory mechanics, and hemodynamics in mechanically ventilated 
patients. Ann Am Thorac Soc. 2014;11(7):1018–24.

	10.	 Wang Z, Cai QZ, Ban CJ, Chen D, Xu LL, Wang XJ, Wang Z, Yang Y, Lv XZ, 
Shi HZ. Improved heart hemodynamics after draining large-volume pleu-
ral effusion: a prospective cohort study. BMC Pulm Med. 2018;18(1):62.

	11.	 Siniorakis EE, Arapi SM, Kaplanis IK, Tzevelekos PV, Aivalioti FG, Pyrgakis 
VN, Limberi SJ. Acute renal injury in the course of a large pleural effusion. 
J Clin Anesth. 2017;38:31–2.

	12.	 Li P, Xie C, Pollard T, Johnson AEW, Cao D, Kang H, Liang H, Zhang Y, Liu X, 
Fan Y, et al. Promoting secondary analysis of electronic medical records 
in China: summary of the PLAGH-MIT critical data conference and health 
datathon. JMIR Med Inform. 2017;5(4): e43.

	13.	 Markatis E, Perlepe G, Afthinos A, Pagkratis K, Varsamas C, Chaini E, Papan-
ikolaou IC, Gourgoulianis KI. Mortality among hospitalized patients with 
pleural effusions. A multicenter, observational prospect study. Front Med. 
2022;9:828783.

	14.	 Martínez-Moragón E, Aparicio J, Sanchis J, Menéndez R, Cruz Rogado M, 
Sanchis F. Malignant pleural effusion: prognostic factors for survival and 
response to chemical pleurodesis in a series of 120 cases. Respir Intern 
Rev Thor Dis. 1998;65(2):108–13.

	15.	 Lameire NH, Levin A, Kellum JA, Cheung M, Jadoul M, Winkelmayer WC, 
Stevens PE. Harmonizing acute and chronic kidney disease definition and 
classification: report of a Kidney Disease: Improving Global Outcomes 
(KDIGO) Consensus Conference. Kidney Int. 2021;100(3):516–26.

	16.	 Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman 
HI, Kusek JW, Eggers P, Van Lente F, Greene T, et al. A new equation to 
estimate glomerular filtration rate. Ann Intern Med. 2009;150(9):604–12.

	17.	 Pavlou M, Ambler G, Seaman SR, Guttmann O, Elliott P, King M, Omar RZ. 
How to develop a more accurate risk prediction model when there are 
few events. BMJ (Clinical Research ed). 2015;351: h3868.

	18.	 Imai K, Keele L, Tingley D. A general approach to causal mediation analy-
sis. Psychol Methods. 2010;15(4):309–34.

	19.	 DeBiasi E, Puchalski J. Pleural effusions as markers of mortality and 
disease severity: a state-of-the-art review. Curr Opin Pulm Med. 
2016;22(4):386–91.

	20.	 Wemmelund KB, Lie RH, Juhl-Olsen P, Frederiksen CA, Hermansen JF, 
Sloth E. Pleural effusion decreases left ventricular pre-load and causes 
haemodynamic compromise: an experimental porcine study. Acta 
Anaesthesiol Scand. 2012;56(7):833–9.

	21.	 Nishida O, Arellano R, Cheng DC, DeMajo W, Kavanagh BP. Gas exchange 
and hemodynamics in experimental pleural effusion. Crit Care Med. 
1999;27(3):583–7.

	22	 Montero Ruiz E, Hernández Ahijado C, García Sánchez F, López Alvarez 
J. Effects of pleural effusion. Anales De Medicina Interna (Madrid, Spain : 
1984). 2006;23(8):389–92.

	23.	 Degirmenci NA, Metintas M, Atlanoglu S, Yildirim H. Evaluation of the 
renal resistive index and pulsatility index in patients with pleural effusion 
by duplex Doppler ultrasonography. Jpn J Radiol. 2013;31(1):39–44.

	24.	 Singh VK, Wu BU, Bollen TL, Repas K, Maurer R, Johannes RS, Mortele KJ, 
Conwell DL, Banks PA. A prospective evaluation of the bedside index for 
severity in acute pancreatitis score in assessing mortality and inter-
mediate markers of severity in acute pancreatitis. Am J Gastroenterol. 
2009;104(4):966–71.

	25.	 Song Y, Sun W, Dai D, Liu Y, Li Z, Tian Z, Liu X. Prediction value of procalci-
tonin combining CURB-65 for 90-day mortality in community-acquired 
pneumonia. Expert Rev Respir Med. 2021;15(5):689–96.

	26.	 Chung CL, Hsiao SH, Hsiao G, Sheu JR, Chen WL, Chang SC. Clinical 
importance of angiogenic cytokines, fibrinolytic activity and effusion size 
in parapneumonic effusions. Plos One. 2013;8(1):e53169.

	27.	 Yan G, Li H, Bhetuwal A, McClure MA, Li Y, Yang G, Li Y, Zhao L, Fan X. 
Pleural effusion volume in patients with acute pancreatitis: a ret-
rospective study from three acute pancreatitis centers. Ann Med. 
2021;53(1):2003–18.

	28.	 Li WX, Xu W, Huang CL, Fei L, Xie XD, Li Q, Chen L. Acute cardiac injury 
and acute kidney injury associated with severity and mortality in patients 
with COVID-19. Eur Rev Med Pharmacol Sci. 2021;25(4):2114–22.

	29.	 Khanna S, Keddis MT, Noheria A, Baddour LM, Pardi DS. Acute kidney 
injury is an independent marker of severity in Clostridium difficile infec-
tion: a nationwide survey. J Clin Gastroenterol. 2013;47(6):481–4.

	30.	 White LE, Hassoun HT, Bihorac A, Moore LJ, Sailors RM, McKinley BA, 
Valdivia A, Moore FA. Acute kidney injury is surprisingly common and a 
powerful predictor of mortality in surgical sepsis. J Trauma Acute Care 
Surg. 2013;75(3):432–8.

	31.	 Grams ME, Sang Y, Ballew SH, Gansevoort RT, Kimm H, Kovesdy CP, 
Naimark D, Oien C, Smith DH, Coresh J, et al. A Meta-analysis of the 
association of estimated GFR, Albuminuria, age, race, and sex with acute 
kidney injury. Am J Kidney Dis. 2015;66(4):591–601.

	32.	 Wu H, Huang J. Drug-induced nephrotoxicity: pathogenic mecha-
nisms, biomarkers and prevention strategies. Curr Drug Metab. 
2018;19(7):559–67.

	33.	 Lucas GNC, Leitão ACC, Alencar RL, Xavier RMF, Daher EF, Silva Junior GBD. 
Pathophysiological aspects of nephropathy caused by non-steroidal anti-
inflammatory drugs. J Bras Nefrol. 2019;41(1):124–30.

	34.	 Amitai I, Rozovski U, El-Saleh R, Shimony S, Shepshelovich D, Rozen-Zvi B, 
Raanani P, Gafter-Gvili A, Gurion R. Risk factors for high-dose metho-
trexate associated acute kidney injury in patients with hematological 
malignancies. Hematol Oncol. 2020;38(4):584–8.

	35.	 Singh J, Malik P, Patel N, Pothuru S, Israni A, Chakinala RC, Hussain 
MR, Chidharla A, Patel H, Patel SK, et al. Kidney disease and COVID-19 
disease severity-systematic review and meta-analysis. Clin Exp Med. 
2022;22(1):125–35.

	36.	 Yang CW, Li S, Dong Y, Paliwal N, Wang Y. Epidemiology and the Impact of 
Acute Kidney Injury on Outcomes in Patients with Rhabdomyolysis. J Clin 
Med. 2021;10(9):1950.

	37.	 DeBiasi EM, Pisani MA, Murphy TE, Araujo K, Kookoolis A, Argento AC, 
Puchalski J. Mortality among patients with pleural effusion undergoing 
thoracentesis. Eur Respir J. 2015;46(2):495–502.

	38.	 Marchi E, Vargas FS, Acencio MM, Sigrist RMS, Biscaro MDA, Antonangelo 
L, Teixeira LR, Light RW. Proinflammatory and antiinflammatory cytokine 
levels in complicated and noncomplicated parapneumonic pleural effu-
sions. Chest. 2012;141(1):183–9.

	39.	 Rahman NM, Maskell NA, West A, Teoh R, Arnold A, Mackinlay C, 
Peckham D, Davies CW, Ali N, Kinnear W, et al. Intrapleural use of tissue 
plasminogen activator and DNase in pleural infection. N Engl J Med. 
2011;365(6):518–26.

	40.	 Roelofs JJ, Rouschop KM, Leemans JC, Claessen N, de Boer AM, Frederiks 
WM, Lijnen HR, Weening JJ, Florquin S. Tissue-type plasminogen activa-
tor modulates inflammatory responses and renal function in ischemia 
reperfusion injury. J Am Soc Nephrol. 2006;17(1):131–40.

	41.	 Wlodzimirow KA, Abu-Hanna A, Slabbekoorn M, Chamuleau RA, Schultz 
MJ, Bouman CS. A comparison of RIFLE with and without urine output 
criteria for acute kidney injury in critically ill patients. Crit Care (London, 
England). 2012;16(5):R200.

	42.	 Tzeng IS. To handle the inflation of odds ratios in a retrospective study 
with a profile penalized log-likelihood approach. J Clin Lab Anal. 
2021;35(7):e23849.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Acute kidney injury in hospitalized patients with nonmalignant pleural effusions: a retrospective cohort study
	Abstract 
	Background 
	Objective 
	Study design and method 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and population
	Definition and measurement
	Outcome measures
	Covariates
	Statistical analysis

	Results
	Incidence of AKI in NMPE inpatients
	Risk factors for HA-AKI among NMPE patients
	Association between pleural effusion volume and HA-AKI in NMPE patients
	The effect of volume of effusions on different subgroup
	Causal mediation analysis of volume of effusions

	Discussion
	Conclusion
	Acknowledgements
	References


