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Abstract 
Introduction: Metabolic acidosis (MA) is a frequent alteration in chronic 
kidney disease (CKD) that is associated with numerous complications, which  
is why its correction is recommended. Oral sodium bicarbonate is currently 
the treatment of choice. Objective: The objective is to determine if venous 
bicarbonate is equal to arterial bicarbonate in the follow-up of a patient with 
chronic kidney disease. Materials Methods: Single-center Cross-sectional 
studies in a cohort of adult patients with stage 4 - 5 CKD. Samples were taken 
between January 2022 and January 2023, in a Clinic in the city of Ibague/ 
Colombia obtained from the radial artery. The inclusion criteria were: not 
being treated with alkaline at the time of inclusion. Results: A total of 71 
patients were included, 73.2% male (52) and 26.8% female (19), with different 
stages: stage 3 with 5.6% (4), stage 4 with 60.6% (43), stage 5 with 33.8% (23). 
66.2% were diabetic, 88.7% had arterial hypertension, and 15.5% of the patients 
presented hematoma as a complication and pain associated with arterial 
puncture. The result of mean venous bicarbonate was 18.8 with a standard 
deviation of 2.3, arterial bicarbonate a mean of 19.4 with a standard deviation 
of 2.1 with a value of P 0.46, venous pH with a mean of 7.37 with a standard 
deviation of 0.48 and a mean arterial pH of 7.38 with a standard deviation of 
0.48 with a P value of 0.01. Values of venous bicarbonate compared to arterial 
bicarbonate showed no statistically significant difference in patients with chronic 
kidney disease, but there were more complications such as hematoma and 
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pain in patients in the arterial puncture cohort, because of this result venous 
bicarbonate corresponds to arterial bicarbonate, but has less risk of complica- 
tions associated with the procedure. Conclusion: Metabolic acidosis is a frequent 
alteration in advanced chronic kidney disease, these results showed that the 
values of arterial and venous bicarbonate have no statistically significant 
differences, but there is a greater risk of complications with arterial blood 
gases, due to this, venous bicarbonate could be a useful tool for patients with 
chronic kidney disease. 
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MA (Metabolic Acidosis), CKD (Chronic Kidney Disease), GFR (Glomerular 
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1. Introduction 

Metabolic acidosis (MA) is a frequent alteration in chronic kidney disease 
(CKD) [1] [2]. The deterioration of renal function reduces the net excretion of 
acids and causes a positive balance of hydrogen ions, in such a way that when 
the glomerular filtration rate falls below 20 - 25 ml/min, a reduction in blood 
bicarbonate [3] begins to be observed, although with more sensitive biochemical 
analyses, such as urinary ammonium [4] and citrate [5] excretion, it can be shown 
that this metabolic defect begins in less advanced stages of the disease. 

The negative effects of MA in CKD have been the subject of numerous inves-
tigations that have shown its association with bone, metabolic and inflammatory 
[6] [7] endocrine [8] [9] complications, progression of CKD [10] [11] and mor-
tality [12] [13]. More interestingly, the MA correction improves or reverses many 
of these side effects, [14] [15] these results supporting the recommendation to 
treat it actively. 

The development of metabolic acidosis depends on two factors, the excretory 
capacity of the kidneys and the endogenous or exogenous acid load. In chronic 
kidney disease, metabolic acidosis develops when the kidneys are unable to excrete 
the daily acid load of non-volatile acids is usually in the order of 50 to 100 mEq/d, 
which leads to a positive H+ balance and a low CO2 concentration (Figure 1). 

Acid loading with ammonium chloride (NH4Cl) for 4 days increases urinary 
ammonium ( 4NH+ ) excretion in healthy individuals, maintaining serum total 
carbon dioxide (tCO2) in the normal range. In chronic kidney disease (CKD), 
ammonium excretion is not increased, leading to metabolic acidosis. Adapted 
from Welbourne et al. (J Clin Invest. 1972; 51(7):1852-1860). 

To assess arterial gases a procedure named arterial puncture must be per-
formed regularly, this procedure requires experience and produces limitations 
for the patient, since it can be painful [16] and can cause complications such as 
arterial injury, thrombosis with distal ischemia, hemorrhage, aneurysm forma-
tion, median nerve damage, and rarely, reflex sympathetic dystrophy [17] [18]. 
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Figure 1. Urinary ammonium excretion in healthy subjects vs patients whit renal disease. 

 
The objective of this study is to determine if the bicarbonate taken from ven-

ous gases does not differ from arterial bicarbonate in patients with chronic kid-
ney disease, which can lead to reduce the risk of complications that arterial punc-
ture can generate. 

2. Materials and Methods 

Venous and arterial gases, pH and bicarbonate determinations were analyzed in 
a patient with chronic kidney disease. These samples were taken between Janu-
ary 2022 and January 2023, in a Clinic in the city of Ibague/Colombia in patients 
using a renal unit. The samples were obtained from the radial artery, the mod-
ified Allen maneuver was performed with the objective of knowing if the radial 
and ulnar arteries were permeable and the puncture was performed prior to dis-
infection of the anatomical site. 

All the samples and biochemical analyzes were extracted and carried out in 
the same central laboratory by conventional methods and were processed mi-
nutes after extraction, the samples were obtained with pre-heparinized syringes, 
at the end of the procedure the syringe was withdrawn and the puncture site was 
compressed with clean gauze for approximately 2 minutes, when extracting the 
arterial blood sample, the syringe was shaken to achieve a homogeneous mixture 
and avoid the formation of clots. 

The determination of serum bicarbonate was carried out in less than 15 mi-
nutes, from the venous or arterial extraction. The arterial gas analyzer used was a 

https://doi.org/10.4236/ojneph.2023.132015


J. L. Daza et al. 
 

 

DOI: 10.4236/ojneph.2023.132015 153 Open Journal of Nephrology 
 

Gasometer model ABL flex 800, prior to introducing the sample into the recep-
tacle it was confirmed that the syringe was free of bubbles. 

Qualitative descriptive statistical analysis was calculated. Analysis was made 
through relative and absolute frequencies, the quantitative variables with arith-
metic mean, standard deviation and 95% prediction intervals, venous bicarbo-
nate vs. arterial bicarbonate, venous pH and arterial pH differences were made 
through X2 and p value. 

The demographic and clinical data were obtained from the medical records, 
the physical examination and the anamnesis. The patients were classified with 
chronic kidney disease according to (KDOQUI 2012) guidelines and the glome-
rular filtration rate was calculated using the abbreviated formula (CKD/ EPI). 

Informed written consent was obtained in compliance with research standards 
for human research for all patients in accordance with the Helsinki Declaration. 

Inclusion criteria: 1) Chronic kidney disease with filtration less than 30 ml/min; 
2) Not taking alkali. 

Exclusion criteria: 1) Anticoagulated; 2) Upper limb amputations. 

3. Results 

Regarding bicarbonate, our study had a mean difference (MD) for arterial and 
peripheral venous HCO3 of 0.6 with 95% limits of agreement. The total group 
with chronic kidney disease included a total of 71 patients, 73.2% male (52) and 
26.8% female [19], with different stages, stage 3 with 5.6% (4), stage 4 60.6% 
(43), stage 5 33.8% (23), 66.2% were diabetic, 88.7% arterial hypertension, 15.5% 
of the patients presented hematoma and pain associated with arterial puncture 
as a complication (Table 1). 

Mean venous bicarbonate 18.6 mEq/L with a standard deviation of 2.3, arterial 
bicarbonate an average of 19.2 mEq/L, with a standard deviation 2.1 with a P 
value of 0.46, the venous pH with a mean of 7.37 with a standard deviation of 
0.48 and a mean arterial Ph of 7.38 with a standard deviation of 0.048 with a P 
value 0.01 (Table 2). 

In the present study, there was also demonstrated that there is a significative 
bivariable correlation between arterial and venous gases (Table 3). 

The results of this study show that there were no statistically significant dif-
ferences between venous and arterial bicarbonate values and also venous sam-
pling for blood gas analysis were less painful for patients and had fewer compli-
cations. 

Previous studies have shown an arteriovenous mean difference for bicarbo-
nate ranging from 1.88 to 0.52 [19]. Our results suggest venous bicarbonate val-
ues may be an acceptable substitute for arterial measurement in the patient with 
chronic kidney disease (Figure 2). 

There is a positive linear correlation between the variable of venous bicarbo-
nate and arterial bicarbonate. This is shown by a straight regression line with an 
upward slope R2 is greater than 0.80 (R2 0.98). 
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Reduced glomerular filtration rate is the most important risk factor for meta-
bolic acidosis (Table 4), particularly when the GFR falls to <40 mL/min/1.73m2.  

 
Table 1. Sociodemographic characteristics (n = 71). 

Variable Median (p25 - p75) 

Age 71 (61 - 81) 

Sex N (%) 

• Female 

• Male 

 

19 (26.76) 

52 (73.24) 

Chronic Kidney Disease N (%) 

• Stage 3 

• Stage 4 

• Stage 5 

 

4 (5.63) 

43 (60.56) 

24 (33.80) 

Diabetic N (%) 

• Yes 

• No 

 

47 (66.20) 

24 (33.80) 

Systemic Arterial Hypertension N (%) 

• Yes 

• No 

 

63 (88.73) 

8 (11.27) 

Bruise/Pain N (%) 

• Yes 

• No 

 

11 (15.49) 

60 (84.51) 

Arterial pH 7.39 (7.38 - 7.41) 

Venous pH 7.38 (7.37 - 7.40) 

Arterial Bicarbonate 19.2 (18.3 - 20.8) 

Venous Bicarbonate 18.6 (17.9 - 20.1) 

 
Table 2. Correlation between arterial and venous gases. 

N Mean Std. Deviation P Value 

Arterial pH 71 7.3832 0.04831 0.01 

Venous pH 71 7.3710 0.04894 0.01 

Arterial HCO3 71 19.4958 2.18792 0.46 

Venous HCO3 71 18.8845 2.33951 0.91 

 
Table 3. Correlation of gasometry. 

Parameter Correlation P Value 

Arterial Bicarbonate/Venous Bicarbonate 0.98 <0.001 

Arterial pH/Venous pH 0.99 <0.001 
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Figure 2. Graphic correlation between arterial bicarbonate and venous bicarbonate in 
CKD. 

 
Table 4. Risk factors for metabolic acidosis in chronic kidney disease. 

Reduced GFR 

Hyperkalemia 

Reduced Urinary Acid Excretion 

Albuminuria 

Smoking 

Anemia 

Higher Serum Albumin Concentration 

Nonuse of a Diuretic 

Angiotensin Converting Enzyme Inhibitor/Angiotensin Receptor Blocker Use 

 
For example, those with stage 4 CKD are 7 times more likely and those with 
stage 3 CKD are 2 times more likely to have metabolic acidosis than those with 
stage 2 CKD [20] [21] (Figure 3). 

4. Discussion 

Evidence-based medicine currently promotes interpreting data to improve deci-
sion-making and conduct in patients. In chronic kidney disease patients, it can 
economically benefit health systems in order to reduce the number of studies 
requested in this high-cost pathology in our country, a phenomenon that is 
shared with different populations worldwide who do not have the human, tech-
nological and economic resources available, being this item a limitation for this 
study. 

Chronic renal failure is a disease with a high cost worldwide and the distributed  
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Figure 3. Value of bicarbonates in chronic kidney disease. 

 
public spending for management is too high for both pre-dialysis and dialysis 
patients, since a large number of laboratories are required periodically to ade-
quately interpret these patients, situation that may not be the most appropriate 
from the cost-effective point of view for the public health of each country. 

In the case of the internal environment of patients with chronic renal failure, 
the frequency of presentation of acid-base disorders secondary to the progres-
sion of their underlying pathology, leads to a continuous evaluation of the internal 
environment, and sometimes even more frequently when there are other sec-
ondary factors that can alter it, such as the use of nephrotoxic drugs, acute con-
ditions that precipitate renal failure such as infections, metabolic decompensa-
tion, among others. 

Bicarbonate concentration is a widely used measure to assess the acid-base 
status of patients and can be measured directly or derived from Henderson- 
Hasselbalch equation. Bicarbonate ions constitute 95% of total plasma carbon 
dioxide [22] therefore, they have been used interchangeably. 

Bone buffering is an important response to excess acid, either in the setting of 
overt metabolic acidosis or high dietary acid intake. Bone buffering leads to 
hypercalciuria, negative calcium balance, and loss of bone mineral content. In 
vivo studies demonstrated that extracellular acidification increases osteoclast ac-
tivity and inhibits osteoblast activity. These effects contribute to the reduction of 
bone mineral density in patients with and without kidney disease [23] [24]. 

Results from large cohort studies have found that metabolic acidosis is also 
associated with increased all-cause mortality in CKD; it is also associated with 
malnutrition, inflammation, and oxidative stress [25] [26]. 

Dietary strategies should be considered in the management of metabolic aci-
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dosis in CKD. This may include a combined approach to reduce acid-producing 
foods and beverages and increase base-producing ones. In addition to providing 
alkali, the potassium, fiber, and other nutrients in fruits and vegetables may be 
beneficial for CKD. Serum potassium should be <4.5 mEq/L if fruits and vegeta-
bles are recommended and should be closely monitored. Reducing protein in the 
diet also increases serum CO2 concentration and can be incorporated into dieta-
ry recommendations [27] [28] [29]. 

Metabolic acidosis is a common complication of CKD and is associated with a 
number of clinically important adverse outcomes. These include increased risks 
of CKD progression, mortality, and impaired musculoskeletal health [30]. 

Currently there is little evidence about the correlation between the use of 
venous or arterial gases for monitoring patients with chronic renal failure since 
the medical literature has focused on patients in intensive care units and data 
from those studies are extrapolated towards the renal population. This correla-
tion is important due to the possible complications that arterial puncture brings 
to obtain a sample for blood gases, which are less for venous extraction. Also, the 
cost-effective extraction of arterial samples is much higher and requires trained 
personnel, so the use of venous blood can represent a reduction in expenses in 
patients with advanced chronic renal failure. 

The human resource that performs the extraction of arterial blood must have 
suitable training that improves the effectiveness indices in sampling with the aim 
of reducing pain and complications from multiple punctures, such as pseudoa-
neurysms, damage to the vascular bed, neurological damage, among others. On 
the contrary, venous punctures require less complexity in the extraction tech-
nique and the supplies used in some cases may be of less value. 

The aim of this study was to investigate the correlation between venous bi-
carbonate and arterial bicarbonate samples in a patient population of patients 
with chronic kidney disease of diverse etiologies, finding that venous bicarbo-
nate levels can be correlated with their arterial equivalents. 

5. Conclusions 

Venous gas sampling becomes a valuable, simple, low-risk, and minimal- 
complication tool for the diagnosis of metabolic disorders or acid-base status in 
patients with chronic kidney disease, and could replace arterial blood gases in 
this age group in the evaluation of serum bicarbonate levels. 

Larger-scale studies, with a larger population in subgroups with specific pa-
thologies, are needed to determine the usefulness of monitoring patients and 
carrying out interventions based on these results. 
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