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 The development of chronic kidney disease (CKD) is one of the most 

common conditions comorbid with chronic obstructive pulmonary 

disease (COPD). The aim of the study was assessment of renal blood 

flow in patients with COPD with and without CKD. 142 patients with 

COPD of 2-4 degrees were examined. The assessment of renal blood 

flow was carried out using the ultrasound by color Doppler mapping. All 

examined patients were divided into 2 study groups: Group I consisted 

of 71 patients with COPD with eGFR > 60 ml / min / 1.73m2, group II 

consisted of 71 patients with COPD with eGFR ≤60ml/min/1.73m2. The 

progression of kidney dysfunction in patients with COPD was 

accompanied by a significant decrease in exercise tolerance, worsening 

of the clinical condition of patients according to the clinical assessment 

scale and COPD assessment test with a decrease in the functional 

activity of patients. In COPD patients with CKD, changes were also 

noted at the level of the lobar and segmental renal arteries, characterized 

by a significant increase in pulsatile and resistance indices as well as 

there was a decrease in speed indicators during diastole, systole, and the 

average blood flow velocity. The COPD patients with renal dysfunction 

had changes noted at the level of the lobar and segmental renal arteries, 

characterized by a significant increase in pulsatility and resistance 

indices. Moreover, there was a decrease in speed indicators during 

diastole, systole, and the average blood flow velocity. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Chronic obstructive pulmonary disease (COPD) and chronic kidney disease (CKD) affect a large number of 

patients. This combination of COPD and CKD is independently associated with a higher prevalence of 

other comorbidities and increased mortality [1]. 

 

The mechanism by which COPD potentiates the development of CKD remains unclear. Several hypotheses 

have been put forward. Subjects suffering from COPD may have systemic inflammation, hypoxemia, 

endothelial dysfunction, increased sympathetic activation, and increased aortic stiffness [2]. This may be 
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because COPD is mainly a disease of older people who have comorbidities such as diabetes mellitus, 

hypertension, and coronary heart disease, known risk factors associated with CKD [3]. 

 

COPD is associated with systemic inflammation. Pro-inflammatory cytokines, especially tumor necrosis 

factor-alpha (TNF-α), play an important role in inflammation and have been shown to increase endothelial 

inflammation and atherosclerosis [4]. This inflammation is also potentially associated with the development 

of diabetes, muscle wasting, and kidney disease [5]. 

 

Renal failure in COPD may be unrecognized as serum creatinine levels may be normal in elderly and 

debilitated patients. The lungs and kidneys are involved in maintaining the acid-base balance. The 

compensatory role of the lungs is quickly expressed through an increase or decrease in ventilation. Renal 

compensation usually takes several days, as it is achieved by altering bicarbonate reabsorption. CKD and 

end-stage renal disease increase the risk of pneumonia [6]. 

 

The aim of this study was assessment of renal blood flow in patients with COPD with and without chronic 

kidney disease. 

 

2. Material and methods 

A total of 142 patients with COPD of 2-4 degrees, regularly followed up in the centers of primary care 

(clinical bases of the Kharkiv Medical Academy of Postgraduate Education) in Kharkiv region from 

October 2019 to November 2021, were recruited to participate in this observational study. 

 

Subjects were divided into two groups: Group I consisted of 71 patients with COPD of 2-4 degrees with 

eGFR > 60 ml / min / 1.73m2, group II consisted of 71 patients with COPD of 2-4 degrees with eGFR 

≤60ml/min/1.73m2. They were matched for age, gender and BMI. All individuals were regularly followed 

up during the first 6 months for drug therapy optimization. 

 

Exercise tolerance (6-minute walk test) was assessed, the clinical condition was assessed using the clinical 

assessment scale, and COPD assessment test (CAT). The functional state of the kidneys was assessed: the 

level of serum creatinine (Cr) was determined; GFR was calculated using the calculation formulas CKD-

EPI. 

 

Renal blood flow was assessed using the a “ULTIMA PA” echocardiography machine (RADMIR, Ukraine) 

by color Doppler mapping, as well as pulsed wave Doppler and energy mapping with a 3.5 MHz sector 

sensor at a scanning angle of not more than 60°. The following indicators were used: the systolic velocity 

(Vs), the diastolic velocity (Vd), mean blood velocity (Vmean), resistive index (RI), pulsatility index (PI) 

determined at the level of the right and left renal arteries, as well as intraorganic (segmental, lobar) arteries. 

 

CKD was defined as estimated glomerular filtration rate (eGFR) <60 ml/min/1.73 m2 or presence of 

albuminuria (30 mg/24 h)3. The patients were ex- cluded if they had a history of chronic dialysis, kidney 

transplants, immunotherapy in the past 6 months, chemotherapy within the past 2 years and current clinical 

trial participation that may have an impact on CKD. Additional exclusion criteria were history of HIV or 

AIDS and inability or unwillingness to give informed consent. Controls were recruited through mass 

mailing to residents aged 35–75 years living in the same area according to zip code. The eligibility of 

controls was assessed by a prescreening telephone interview and the clinic screening visit. Individuals were 

included if they had no evidence of CKD (eGFR >60 ml/min/1.73 m2 and no persistent albuminuria). Cases 

and controls were frequency-matched according to age group (10 years), gender and race to increase the 
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efficiency of patient recruitment and statistical analysis. 

 

The study was conducted in accordance with international standards of bioethics (Council of the European 

Convention on Human Rights and Biomedicine) and the recommendations of the Committee on Bioethics 

of the Ministry of Health of Ukraine. All patients signed an informed consent to participate in the study. 

This study was approved by the Ethics Commission of the Kharkiv Medical Academy of Postgraduate 

Education of the Ministry of Health of Ukraine (Kharkiv, UA). 

 

The data obtained were statistically analyzed using the software package IBM SPPS version 27.0 (2020) 

(IBM Inc., USA). The following main statistical parameters were calculated: mean (M) and the standard 

deviation (SD). Nominal variables were expressed as number and percentage. To test statistical hypotheses 

in the study, the critical level of significance was considered at a p-value less than 0.05. 

 

3. Results 

The results of the study of physical performance according to 6-minute walk test in patients of group I with 

COPD eGFR>60ml/min/1.73m2 was 352.48±6.5 meters, respectively. The decrease in the distance traveled 

according to the 6-minute walk test data in group II of patients with eGFR ≤60 ml/min/1.73 m2, exercise 

tolerance was more significant than in patients of group I and this figure was 259.8±12.1 meters, which was 

46.2% lower than the results of group I of the study (p<0.001). 

 

Analysis of the parameters of clinical manifestations according to the data of the clinical assessment scale 

showed that in patients of group I, the total score was 5.8±0.15 points. In patients of group II with eGFR 

≤60 ml/min/1.73 m2, there was a deterioration in the clinical condition, characterized by an increase in the 

clinical assessment scale by 19.9% compared with the clinical assessment scale in patients of group I 

(p<0.001) amounting to 6.97±0.17 points respectively (Table 1) 

 

Table 1. Indicators of exercise tolerance and quality of life parameters in patients with COPD depending on 

eGFR. 

Indicator eGFR >60ml/min/1.73m2 (n=81) 

 

eGFR ≤60ml/min/1.73m2 

(n=69) 

 

6-minute walk test, m 352,48+6,5 259,8+12,1*** 

CAT, points 17,1+0,6 23,06+0,6*** 

The clinical assessment scale, 

points 
5,8+0,15 6,97+0,17*** 

Note: ***p value <0.001 in relation to COPD eGFR>60ml/min/1.73m2 

 

Analysis of the indicators of the CAT showed that the health status of patients with COPD also depends on 

the severity of renal dysfunction, so with the progression of the severity of renal dysfunction, the total index 

of CAT of patients increased. In particular, the baseline indicators of patients' health status according to the 

CAT showed that the total index in group I patients with COPD eGFR >60 ml/min/1.73 m2 was 17.1±0.6 

points. As renal dysfunction progressed, the total CAT scores increased to 23.06±0.6 (p<0.001) points in 

group II patients with eGFR ≤60 ml/min/1.73 m2. 

 

The study of renal blood flow in COPD patients with eGFR >60 ml/min/1.73 m2 at the level of the right 

and left renal arteries showed an increase in PI by 19.3% (p<0.05) and 20.5% (p<0 .05), RI - by 5.4% 
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(p<0.001) and 3.4% (p>0.05), decrease in speed indicators: speed Vmean - by 22.4% (p<0.001) and 25.5 % 

(p<0.01), decrease in Vd - by 14.1% (p>0.05) and 8.9% (p>0.05) cm/sec, Vs - by 8.6% (p> 0.05) and 9.1% 

(p>0.05), respectively, compared with the control group. At the same time, in COPD patients with eGFR 

≤60 ml/min/1.73 m2 at the level of the right and left renal arteries, a highly significant increase in PI was 

noted - by 24.9% (p<0.001) and 22.5% (p<0.001), a decrease Vmean – by 38.3% (p<0.001) and 34.8% 

(p<0.001), Vd – by 31.9% (p<0.001) and 28.5% (p<0.001), Vs – by 21.8% (p<0.01) and 20.3% (p<0.01), 

respectively, compared with the control group (Table 2). 

 

Table 2. Characteristics of renal hemodynamic parameters (renal and segmental arteries) in patients with 

COPD depending on renal dysfunction (M±SD) 

Indicato

r 

Right renal artery Left renal artery Right segmental artery Left segmental artery 

 

GFR>60 
ml/min 

(71) 

GFR<60 
ml/min  

(71) 

GFR>60 
ml/min 

(71) 

GFR<60 
ml/min  

(71) 

GFR>60 
ml/min 

(71) 

GFR<60 
ml/min  

(71) 

GFR>60 
ml/min 

(71) 

GFR<60 
ml/min  

(71) 
Vs cm/sec 57.85±5,5 53.76±6,2* 56.81±7,2 52.37±7.5* 45.27±5.9 41.72±0.3** 45.50±0.32 42.86±0.34* 

RI 0.701±0.053 0.721±0.0035* 0.717±0.0052 0.723±0.042* 0.63±0.004 0.66±0.004* 0.625±0.003 0.66±0.003* 

Vd cm/sec 16.34±3.3 13.75±2.1 16.61±3.3 14.14±2.8* 16.29±0.24 14.78±0.25* 15.06±0.15 12.98±0.19* 

Vmean 

cm/sec 

28.29±3.4 19.34±4.3** 27.93±4.2 20.11±4.4** 23.97±0.17 21.10±0.27 23.20±0.24 21.40±0.26 

PI 1.24±0.31 1.47±0.31* 1.27±0.21 1.49±0.22* 1.21±0.16 1.24±0.15* 1.22±0.017 1.26±0.19* 

Note: where * - significance p<0.05, ** - significance p<0.01 between groups 

 

Similar changes were observed at the level of the right and left segmental renal arteries in COPD patients 

with eGFR ≤60 ml/min/1.73 m2 with an increase in RI by 15.9% (p<0.05) and 14.6% (p<0, 01) and PI — 

by 31.1% (p<0.001) and 32.8% (p<0.001), decrease in Vmean speed by 24.1% (p<0.01) and 22.5% 

(p<0.001) 0.01) and Vd - by 16.7% (p<0.05) and 15.3% (p<0.05) cm/sec, respectively, compared with the 

indicators of COPD patients with eGFR >60 ml/min/1, 73m2. 

 

In COPD patients with renal dysfunction, changes were also noted at the level of the lobar and segmental 

renal arteries, characterized by a significant increase in pulsatility (PI) and resistance (RI) indices, there was 

a decrease in speed indicators during diastole, systole, and the average blood flow velocity. 

 

4. Discussion 

There are significant correlations of serum creatinine levels with most spirometry parameters, with the 

COPD clinical assessment tool, and with the number of hospitalizations and exacerbations. The estimated 

glomerular filtration rate was significantly lower in individuals with COPD [7]. 

 

Moreover, COPD was positively associated with occult and overt chronic renal failure compared with 

controls. This association was confirmed by the strength of the association of COPD severity as reflected by 

spirometry measurements with symptom worsening and a low estimated glomerular filtration rate. Thus, 

COPD is largely associated with the comorbidity of chronic renal failure, which has been proven by various 

studies [8], [9]. 

 

It has been shown that in patients with COPD exacerbation and hypercapnia, the development of sufficient 

metabolic compensation and adequate renal function significantly reduces mortality [10]. Acidosis is an 

unfavorable prognostic sign and is responsible for several adverse effects on hemodynamics and 

metabolism [11], [12]. Acidosis causes myocardial depression, arrhythmias, reduced peripheral vascular 

resistance, and arterial hypotension. In addition, hypercapnic acidosis causes weakness of the respiratory 
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muscles, increased levels of pro-inflammatory cytokines and apoptosis, and cachexia. In addition, decreased 

renal blood flow, activation of the renin-angiotensin system, and increased circulating levels of antidiuretic 

hormone, atrial natriuretic peptide, and endothelin-1 have been reported in hypercapnic COPD patients 

[13]. It has been hypothesized that these hormonal disturbances may play a role in salt and water retention 

and in the development of pulmonary hypertension, independent of the presence of myocardial dysfunction. 

When renal failure occurs in patients with COPD, the compensatory role of the kidneys in respiratory 

acidosis may be less effective, resulting in decreased ammonogenesis and titratable acid production, 

followed by a limited increase in serum bicarbonate and more severe acidosis. Clinical reports have shown 

that bicarbonate levels in these patients are inversely related to survival and that comorbid renal failure is a 

predictor of death and risk of exacerbation [14]. 

 

Chronic acidosis, insulin resistance, hypercalcemia in addition to malnutrition and uremic toxins may 

contribute to the development of systemic skeletal muscle atrophy in patients with uremia. The resulting 

muscle weakness and poor physical performance reflect a progressive general physical deterioration. Lung 

function was also found to be impaired due to reduced respiratory muscle strength and diaphragmatic 

neuropathy. This condition can impair exercise tolerance in individuals with pulmonary disease. Muscle and 

cardiovascular limitations lead patients to reduce daily activities and increase disability and mortality. 

Weakening of respiratory and lower extremity muscles appears to be progressive and partially reversible 

after exercise, but little is known whether exercise can lead to better outcome [14], [15]. 

 

The study has some limitations. We did not assess the inflammatory status of the participants. Inflammation 

is associated with COPD and also with CKD. It is thus possible that the lack of information about the 

inflammatory status could have caused residual confounding. Also, the cross-sectional nature of the study 

means that it cannot determine a causal relationship between renal blood flow and COPD. 

 

5. Conclusion 

The progression of kidney dysfunction in patients with COPD was accompanied by a significant decrease in 

exercise tolerance, worsening of the clinical condition of patients according to the clinical assessment scale 

and COPD assessment test with a decrease in the functional activity of patients. In COPD patients with 

CKD, changes were also noted at the level of the lobar and segmental renal arteries, characterized by a 

significant increase in pulsatility and resistance indices. Moreover, there was a decrease in speed indicators 

during diastole, systole, and the average blood flow velocity. 
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