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Background: Chronic kidney disease (CKD) is a progressive condition 

associated with significant systemic complications, including respiratory 

manifestations. Among these, pleural effusion and pulmonary edema are 

commonly observed but often underdiagnosed, particularly in resource-limited 

settings. Objective: This study aimed to evaluate the prevalence, clinical 

characteristics, and biochemical associations of pleural effusion and 

pulmonary edema in CKD patients. 

Materials and Methods: A hospital-based cross-sectional observational study 

was conducted over 10 months at two tertiary care centers in Maharashtra and 

Chhattisgarh. A total of 150 adult patients with CKD stages 3 to 5 were 

enrolled. Clinical examination, radiological imaging, and relevant biochemical 

investigations were performed to assess the presence and type of respiratory 

complications. Data were analyzed using SPSS version 25.0. 

Results: The mean age of participants was 52.7 years, with 63.3% males. 

Pleural effusion was observed in 25.3% and pulmonary edema in 10.0% of 

patients. Most pleural effusions were bilateral (63.2%) and transudative 

(78.9%). Pulmonary edema was significantly associated with higher 

ultrafiltration volumes and maintenance hemodialysis. Biochemically, patients 

with complications had elevated serum creatinine and lower serum albumin, 

hemoglobin, and sodium levels (p<0.05 for all). Comorbidities such as 

hypertension (78%) and diabetes (54.7%) were prevalent. 

Conclusion: Respiratory complications are common in advanced CKD, 

particularly among hemodialysis patients. Pleural effusions are typically 

transudative and bilateral, while pulmonary edema is linked to fluid overload. 

Routine screening and optimized fluid management are crucial for early 

identification and intervention. 
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INTRODUCTION 
 

Chronic kidney disease (CKD) affects an estimated 

11–13% of the global population, making it a major 

contributor to morbidity and mortality worldwide.[1] 

The burden is particularly high in developing 

countries like India, where delayed diagnosis and 

limited access to nephrology care exacerbate 

outcomes.[2] 

Among the various complications of CKD, 

respiratory complications, especially pleural 

effusion and pulmonary edema, are frequently 

encountered and significantly impact prognosis.[3] 

Pleural effusion refers to the accumulation of fluid 

in the pleural space, which can impair lung function 

and cause dyspnea. In CKD, it is often transudative 

due to hypoalbuminemia and volume overload. 

Pulmonary edema, on the other hand, is the 

accumulation of fluid in the lung parenchyma and 
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alveoli, often resulting from increased hydrostatic 

pressure, as in left ventricular dysfunction, or fluid 

overload in dialysis patients. 

In a prospective Indian study involving 100 CKD 

patients, 24% had pleural effusion, and 9% 

developed pulmonary edema, with fluid overload 

and hypoalbuminemia being key contributing 

factors.[3] Pleural effusion refers to the accumulation 

of fluid in the pleural space, which can impair lung 

function and cause dyspnea. In CKD, it is often 

transudative due to hypoalbuminemia and volume 

overload. Pleural effusion in CKD is usually 

transudative, due to volume overload, low oncotic 

pressure, or congestive heart failure.[4] In a Nepalese 

study, pleural effusion was found in 10.9% of CKD 

patients, most commonly bilateral and transudative 

in nature.[5] Pulmonary edema, on the other hand, is 

commonly related to rapid fluid shifts, particularly 

in patients undergoing dialysis.[6] In a prospective 

multicentric Indian study involving 250 ESRD 

patients undergoing maintenance hemodialysis in 

Solapur, pulmonary edema was observed in 20.58% 

of patients as one of the common pulmonary 

complications, following pleural effusion (33.8%) 

and pneumonia (25%).[7] 

The pathophysiology involves fluid retention, 

reduced plasma oncotic pressure due to 

hypoalbuminemia, and increased capillary 

permeability due to uremic toxins.[8-10] Additionally, 

left ventricular diastolic dysfunction in CKD 

contributes to increased pulmonary venous pressure, 

exacerbating pulmonary edema.[9] 

Given their high prevalence and impact on 

prognosis, yet limited documentation in the Indian 

context, this study evaluates the clinical profile, 

prevalence, and mechanistic basis of pleural 

effusion and pulmonary edema among CKD patients 

to guide better preventive and therapeutic strategies. 

 

MATERIALS AND METHODS 
 

Study design and setting 

This hospital-based, cross-sectional observational 

study was conducted over a period of 10 months in 

two tertiary care hospitals: one located in 

Maharashtra and the other in Chhattisgarh. The 

study aimed to evaluate the prevalence and 

underlying pathophysiological mechanisms of 

respiratory complications specifically pleural 

effusion and pulmonary edema in patients diagnosed 

with chronic kidney disease (CKD). 

Study population and selection criteria  

The study included adult patients (aged ≥18 years) 

diagnosed with CKD stages 3 to 5, who were either 

undergoing conservative management or on 

maintenance hemodialysis. Patients were enrolled 

primarily from the Nephrology and General 

Medicine departments of both participating 

institutions. The Department of Respiratory 

Medicine played a key role in the evaluation and 

confirmation of respiratory complications through 

clinical assessment, interpretation of radiological 

findings, and involvement in differential diagnosis 

and management planning for pleural and 

pulmonary conditions. 

Informed written consent was obtained from all 

participants prior to inclusion in the study. 

Multidisciplinary collaboration ensured accurate 

diagnosis, data collection, and holistic assessment of 

the respiratory manifestations in CKD patients. 

The study included patients aged 18 years and above 

who were diagnosed with chronic kidney disease 

(CKD) stages 3 to 5, based on the estimated 

glomerular filtration rate (eGFR) criteria as per the 

KDIGO guidelines. Only those who were willing to 

provide informed written consent were enrolled in 

the study. Patients were excluded if they had pre-

existing chronic respiratory diseases such as chronic 

obstructive pulmonary disease (COPD), 

bronchiectasis, or interstitial lung disease. Other 

exclusion criteria included a history of pulmonary 

tuberculosis or active pulmonary infections, recent 

thoracic trauma or thoracic surgery, and pregnancy. 

Sample Size 

The sample size was determined using the 

prevalence data of pleural effusion and pulmonary 

edema in CKD patients from previous Indian 

studies. Based on an estimated 20% prevalence of 

tuberculous pleural effusion (TPE) among CKD 

patients,[12] with a 7% allowable error and 95% 

confidence interval, the minimum sample size 

calculated was 126. Accounting for potential data 

attrition, a total of 150 patients were enrolled, 75 

from each center. 

Data Collection 

Data were collected through a structured case record 

form that captured comprehensive information 

across several domains. Demographic details such 

as age, sex, address, and occupation were recorded. 

Clinical data included the duration and stage of 

chronic kidney disease (CKD), along with 

presenting symptoms like dyspnea, orthopnea, and 

pedal edema. The presence of comorbid conditions 

such as diabetes mellitus, hypertension, and 

ischemic heart disease was also documented. 

Laboratory investigations encompassed hemoglobin 

levels, serum creatinine, blood urea, serum albumin, 

and serum electrolytes. For patients undergoing 

dialysis, details including frequency, duration, and 

ultrafiltration volume were noted. Radiological 

evaluation involved the use of chest X-rays and/or 

ultrasonography to identify pleural effusion and 

pulmonary edema. In selected cases, high-resolution 

computed tomography (HRCT) of the chest or 

echocardiography was performed to assess cardiac 

function and fluid overload status. Pleural effusion 

was classified as transudative or exudative based on 

Light’s criteria when thoracocentesis was indicated. 

Pulmonary edema was diagnosed radiologically and 

clinically, based on classical features such as 

bilateral perihilar opacities, Kerley B lines, and 

basal crepitations, along with correlation to clinical 

findings and dialysis history. 
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Statistical Analysis 

The collected data were entered in Microsoft Excel 

and analyzed using SPSS version 25.0. Continuous 

variables were expressed as mean ± standard 

deviation (SD) for normally distributed data and 

median (interquartile range) for skewed data. 

Categorical variables were summarized as frequency 

and percentages. When comparing continuous 

variables across more than two groups, one-way 

analysis of variance (ANOVA) was applied for 

normally distributed data, and the Kruskal Wallis 

test was used when data were non-normally 

distributed. 

 

RESULTS 

 

Table 1: Demographic Profile of CKD Patients (N = 150) 

Variable Maharashtra (n=75) Chhattisgarh (n=75) Total (N=150) 

Mean Age (years) 53.8 ± 11.4 51.6 ± 10.9 52.7 ± 11.2 

Male (%) 49 (65.3%) 46 (61.3%) 95 (63.3%) 

Female (%) 26 (34.7%) 29 (38.7%) 55 (36.7%) 

Rural residence (%) 40 (53.3%) 47 (62.7%) 87 (58%) 

Urban residence (%) 35 (46.7%) 28 (37.3%) 63 (42%) 

The mean age of the study population was 52.7 

years, with a slightly higher mean in Maharashtra 

(53.8 years) compared to Chhattisgarh (51.6 years). 

Males constituted 63.3% of the participants, while 

36.7% were females. A higher proportion of patients 

were from rural areas (58%) as compared to urban 

areas (42%). 

 

Table 2: Distribution of CKD Stages Among Patients 

CKD Stage Maharashtra (n=75) Chhattisgarh (n=75) Total (N=150) 

Stage 3 12 (16.0%) 14 (18.7%) 26 (17.3%) 

Stage 4 25 (33.3%) 23 (30.7%) 48 (32.0%) 

Stage 5 (ESRD) 38 (50.7%) 38 (50.7%) 76 (50.7%) 

Among the 150 CKD patients, 50.7% were in stage 

5 (ESRD), while 32.0% and 17.3% were in stages 4 

and 3, respectively. Both centers showed a similar 

distribution of CKD stages, with stage 5 being the 

most common. 

 

Table 3: Comorbidities Among CKD Patients 

Comorbidity Maharashtra (n=75) Chhattisgarh (n=75) Total (N=150) 

Hypertension 60 (80.0%) 57 (76.0%) 117 (78.0%) 

Diabetes Mellitus 42 (56.0%) 40 (53.3%) 82 (54.7%) 

Ischemic Heart Disease 14 (18.7%) 11 (14.7%) 25 (16.7%) 

Hypertension was the most common comorbidity, 

seen in 78% of patients, followed by diabetes 

mellitus (54.7%) and ischemic heart disease 

(16.7%). The distribution of comorbidities was 

comparable between the two centers. 

 

Table 4: Prevalence of Respiratory Complications in CKD Patients 

Complication Maharashtra (n=75) Chhattisgarh (n=75) Total (N=150) 

Pleural Effusion 18 (24.0%) 20 (26.7%) 38 (25.3%) 

Pulmonary Edema 7 (9.3%) 8 (10.7%) 15 (10.0%) 

Pneumonia 5 (6.7%) 7 (9.3%) 12 (8.0%) 

Pleural effusion was observed in 25.3% of the 

patients, while pulmonary edema was present in 

10.0%. Pneumonia was reported in 8.0% of cases. 

Chhattisgarh had a slightly higher proportion of all 

three complications compared to Maharashtra. 

 

Table 5: Type and Distribution of Pleural Effusion 

Type of Effusion Maharashtra (n=18) Chhattisgarh (n=20) Total (N=38) 

Transudative 14 (77.8%) 16 (80.0%) 30 (78.9%) 

Exudative 4 (22.2%) 4 (20.0%) 8 (21.1%) 

Bilateral Presentation 11 (61.1%) 13 (65.0%) 24 (63.2%) 

Unilateral Right 5 (27.8%) 4 (20.0%) 9 (23.7%) 

Unilateral Left 2 (11.1%) 3 (15.0%) 5 (13.1%) 

Among the 38 patients with pleural effusion, 78.9% 

had transudative effusion and 21.1% had exudative 

effusion. Bilateral effusion was present in 63.2% of 

cases, while unilateral involvement was more often 

right-sided (23.7%) than left-sided (13.1%). 

 

Table 6: Dialysis and Respiratory Complications 

Parameter Pleural Effusion (n=38) 
Pulmonary Edema 

(n=15) 

No Complications 

(n=97) 

On Maintenance Hemodialysis (%) 30 (78.9%) 14 (93.3%) 59 (60.8%) 

Mean Ultrafiltration Volume (mL) 1850 ± 420 2100 ± 370 1620 ± 400 

Dialysis Frequency ≥ 2/week 32 (84.2%) 15 (100.0%) 66 (68.0%) 



1930 

 International Journal of Medicine and Public Health, Vol 15, Issue 2, April- June, 2025 (www.ijmedph.org) 
 

Most patients with pleural effusion (78.9%) and 

pulmonary edema (93.3%) were on maintenance 

hemodialysis. The mean ultrafiltration volume was 

higher in patients with pulmonary edema (2100 mL) 

than in those with pleural effusion (1850 mL) or 

without complications (1620 mL). Frequent dialysis 

(≥2 times/week) was more common in patients with 

respiratory complications. 

 

Table 7: Laboratory Parameters by Respiratory Complication Status 

Parameter 
No Complications 

(n=97) 

Pleural Effusion 

(n=38) 

Pulmonary Edema 

(n=15) 
p-value 

Serum Creatinine (mg/dL) 6.1 ± 1.4 7.4 ± 1.6 7.8 ± 1.8 0.01* 

Serum Albumin (g/dL) 3.4 ± 0.5 2.9 ± 0.4 2.7 ± 0.3 0.002* 

Hemoglobin (g/dL) 9.8 ± 1.1 9.1 ± 1.0 8.8 ± 1.2 0.03* 

Serum Sodium (mmol/L) 137.5 ± 4.2 134.8 ± 4.5 133.6 ± 5.0 0.04*  

 

Patients with pulmonary edema and pleural effusion 

had significantly higher serum creatinine levels (7.8 

and 7.4 mg/dL respectively) compared to those 

without complications (6.1 mg/dL). Serum albumin 

was lower in patients with complications (2.7–2.9 

g/dL) than in those without (3.4 g/dL). Similarly, 

lower hemoglobin and serum sodium levels were 

observed in patients with respiratory complications, 

with all differences being statistically significant (p 

< 0.05). 

DISCUSSION 

 

This cross-sectional study highlights that pleural 

effusion is more commonly observed in CKD 

patients (25.3%) compared to pulmonary edema 

(10%). The majority of pleural effusions were 

transudative (78.9%) and bilateral (63.2%), strongly 

pointing towards volume overload and 

hypoalbuminemia as the principal 

pathophysiological factors. Respiratory 

complications were common, especially in those 

undergoing maintenance hemodialysis, with distinct 

clinical and biochemical profiles. 

Pleural Effusion 

Pleural effusion was noted in 25.3% of the study 

population, most commonly bilateral (63.2%) and 

transudative (78.9%). These findings are in 

agreement with a prospective observational study by 

Jabbar et al., which found transudative effusions in 

75.7% of CKD patients, primarily due to volume 

overload and cardiac dysfunction.[3] Gadkari et al. 

also reported that 75% of pleural effusions in CKD 

were transudative in nature, with congestive heart 

failure and fluid overload as key contributors.[12] 

Bilateral pleural effusion is commonly associated 

with systemic causes such as nephrotic syndrome, 

ESRD, and heart failure, all of which can occur 

concurrently in CKD patients. A Nepalese cross-

sectional study reported a pleural effusion 

prevalence of 10.9%, most of which were bilateral 

and transudative, further corroborating our 

findings.[5] 

Pulmonary Edema 

Pulmonary edema was seen in 10% of patients, 

especially in those on maintenance hemodialysis 

(93.3%). The average ultrafiltration volume was 

significantly higher in this group (2100 mL), 

supporting the role of rapid fluid shifts and volume 

overload in pulmonary edema pathogenesis. 

These results are consistent with Widiastuti et al., 

who found a positive correlation between CKD 

stage and pulmonary edema on chest X-ray, 

emphasizing the contribution of fluid overload and 

cardiac dysfunction in ESRD.[9] Shaik et al., in a 

multicentric study involving 250 hemodialysis 

patients, reported pulmonary edema in 20.6%, 

ranking it among the most common pulmonary 

complications following pleural effusion and 

pneumonia.[7] 

Additionally, Patel et al. reported that persistent 

fluid overload in ESRD leads to impaired 

pulmonary compliance and gas exchange, 

particularly in poorly dialyzed individuals, 

reinforcing the need for precise volume control.[6] 

Laboratory Correlates 

Patients with respiratory complications had 

significantly higher serum creatinine and lower 

serum albumin levels than those without. 

Hypoalbuminemia is well recognized as a key driver 

of transudative fluid shifts, decreasing oncotic 

pressure and exacerbating pleural and pulmonary 

effusions.[3,12] Anemia and hyponatremia, both 

common in advanced CKD, were also more 

pronounced in those with respiratory complications, 

consistent with the literature.[7] 

Clinical Implications 

This study highlights the importance of vigilant 

monitoring for respiratory complications in 

advanced CKD, particularly among those receiving 

frequent dialysis. Clinicians should consider chest 

imaging in symptomatic patients and optimize fluid 

management to avoid pulmonary congestion. 

Addressing hypoalbuminemia, improving dialysis 

adequacy, and evaluating cardiac function are 

essential components of a multidisciplinary 

approach. 

 

CONCLUSION 
 

This study demonstrates that respiratory 

complications, particularly pleural effusion and 

pulmonary edema, are common in patients with 

advanced CKD, especially those on maintenance 

hemodialysis. Pleural effusions were mostly 

transudative and bilateral, while pulmonary edema 

was linked to higher ultrafiltration volumes and 

fluid overload. Patients with these complications 

had significantly worse biochemical profiles. 
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These findings underscore the need for regular 

respiratory monitoring and optimized dialysis 

management to prevent and manage pulmonary 

complications in CKD. Further studies are needed to 

assess long-term outcomes and intervention 

strategies. 

Limitations 
This study has certain limitations. Being cross-

sectional in design, it cannot establish causality 

between CKD and respiratory complications. The 

hospital-based setting may limit the generalizability 

of findings to the broader CKD population. Not all 

patients underwent advanced imaging or pleural 

fluid analysis, which may have affected diagnostic 

precision. Additionally, the lack of follow-up 

prevents assessment of long-term outcomes, and 

potential confounding factors like nutritional status 

and cardiac function were not fully evaluated. 
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