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Introduction: The control of metabolic 
acidosis in dialysis patients focuses on 
the supply of bicarbonate during the di-
alysis session, and it is not standard in 
all hemodialysis to assess serum bicar-
bonate concentrations. Bicarbonate ex-
pressed in blood gas analysis is the most 
sensitive standard of analysis and it is 
measured indirectly, using the Hender-
son-Hasselbalch equation. There are no 
studies in this population evaluating the 
concordance between the calculated bi-
carbonate with the direct method of bio-
chemical analysis. The aim of this study 
was to analyze the concordance between 
the measured and calculated serum bi-
carbonate levels using blood gas analysis. 
Methods: We analyzed blood samples 
from chronic kidney patients undergo-
ing hemodialysis, using the same sample 
of bicarbonate analysis by biochemistry 
and gasometry. The concordance was as-
sessed using the Bland-Altman method. 
Results: 51 samples were analyzed. The 
analysis revealed a high correlation (r 
= 0.73) and a mean difference (bias) of 
1.15 ± 3 mmol/L. The median time be-
tween collection and examination was 
241 minutes. Discussion: We can con-
clude that the biochemical bicarbonate 
analysis compared to that calculated 
from blood gas analysis in chronic renal 
patients was consistent. For greater con-
cordance between the data, it is impor-
tant that the time between the collection 
of the samples and the referral to the 
laboratory for carrying out the dosages 
does not exceed four hours. The serum 
bicarbonate dosage can result in cost 
savings when compared to that of bicar-
bonate in blood gas analysis.
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Introdução: O controle da acidose meta-
bólica em pacientes dialíticos está volta-
do, principalmente, para o suprimento de 
bicarbonato durante a sessão de diálise, 
não sendo padrão em todas as hemodiá-
lises avaliar as concentrações séricas do 
bicarbonato. O bicarbonato expresso na 
gasometria é considerado o padrão mais 
sensível de análise e é medido indireta-
mente por meio da equação de Hender-
son-Hasselbalch. Não há estudos nessa 
população avaliando a concordância do 
bicarbonato calculado com o método 
direto de análise bioquímica. O objetivo 
deste estudo é analisar a concordância en-
tre o bicarbonato sérico medido e o cal-
culado por meio da gasometria. Métodos: 
Foram analisadas amostras de sangue de 
pacientes renais crônicos em hemodiálise 
sendo feito na mesma amostra de análise 
do bicarbonato pela bioquímica e análi-
se pela gasometria. A concordância foi 
avaliada pelo método de Bland-Altman. 
Resultados: Foram analisados um total de 
51 amostras. A análise de correlação reve-
lou alta correlação (r = 0.73) e a diferença 
média (bias) de 1.15 ± 3 mmol/L. O tempo 
mediano entre a realização da coleta e do 
exame foi de 241 minutos. Discussão: Po-
demos concluir que a realização da dosa-
gem bioquímica do bicarbonato compara-
da com a calculada a partir da gasometria 
em pacientes renais crônicos foi concor-
dante. Para maior concordância entre os 
dados, é importante que o tempo entre a 
coleta das amostras e o encaminhamento 
ao laboratório para a realização das dosa-
gens não exceda quatro horas. A dosagem 
do bicarbonato sérico pode resultar numa 
economia de custos comparada à do bi-
carbonato da gasometria.

Resumo

Palavras-chave: Diálise Renal; Bicarbona-
tos; Gasometria.

http://orcid.org/0000-0002-0230-0766
http://orcid.org/0000-0003-1670-1496
http://orcid.org/0000-0002-4401-5656
http://orcid.org/0000-0002-6178-6938


Braz. J. Nephrol. (J. Bras. Nefrol.) 2020;42(4):478-481

Bicarbonate concordance analysis

479

Introduction

Metabolic acidosis is highly prevalent in dialysis pa-
tients, and it is associated with changes in protein and 
glucose metabolism, bone and muscle diseases, car-
diovascular diseases and increased mortality. The real 
prevalence of this problem in Brazil is unknown, since, 
in 1996, the dialysis regulatory agency published a 
decree suspending the mandatory measurement of bi-
carbonate in patients undergoing renal replacement 
therapy (RRT). The most recent public guidelines 
recommend that bicarbonate be measured every six 
months in patients with stage 4 CKD or quarterly in 
those with stage 5 and under conservative treatment; 
keeping the measurement of this parameter as not 
mandatory for patients on RRT.1-4

Currently, the control of metabolic acidosis in 
dialysis patients focuses mainly on the supply of bi-
carbonate during the dialysis session; however, we 
still need more studies to define the target serum 
bicarbonate level and the best dialysate bicarbonate 
concentration.

The bicarbonate expressed in gasometry is con-
sidered the most sensitive standard of analysis and 
it is not directly measured, but calculated by the 
Henderson-Hasselbalch equation, using the measured 
pH and partial pressure of carbon dioxide (PaCO2) 
values.5 The direct method of biochemical analysis 
has shown concordant results in some studies,6,7 and 
discordant in others.5,8 The economic impact of the 
serum bicarbonate analysis favors the performance of 
the procedure at a cost up to 100 times lower than 
that of bicarbonate calculated by gasometry. There 
are no concordance studies between the two analyti-
cal methodologies for the population of chronic renal 
patients.

The goal of this study was to analyze the con-
cordance between the measured serum bicarbonate 
and its value calculated by gasometry; and to discuss 
which are the best methods to evaluate the agreement 
between the different tests.

Materials and Methods

We analyzed blood samples from chronic kidney pa-
tients undergoing hemodialysis using the same bicar-
bonate analysis sample by biochemistry and blood 
gas analysis. Chronic renal patients referred for kid-
ney transplantation at the time of the biochemical 
compatibility tests participated in the study, with an 

additional collection of blood gases and biochemical 
analyses. We collected the samples in the period off 
hemodialysis, on Wednesdays or Thursdays, to avoid 
longer intervals without dialyses.

We recorded the time until the exams were pro-
cessed from collection to processing. The Research 
Ethics Committee of the School of Medicine of 
Botucatu, approved this investigation, under number 
CAE: 23889019.4.0000.5411

We measured the serum bicarbonate using the 
VITROS® 5.1|FS system from Ortho Clinical Diagnostics, 
which uses MicroSlide VITROS® - dry chemistry tech-
nology. The ECO2 VITROS Slide has five layers, covered 
by a polyester layer. We add a drop of biological mate-
rial to the slide, where it is evenly distributed to the ad-
jacent layers. In the final reaction, oxaloacetate NADH 
oxidation and reduction produces NAD+ and malate. 
The slide needs to be incubated at 37ºC and we estab-
lish the CO2 concentration in the sample measuring the 
absorbance of the NADH that did not participate in the 
reaction through reflectance spectrophotometry.9 The 
samples in dry tubes with gel containing the patients’ se-
rum were placed in the equipment as soon as they arrived 
at the laboratory, and we recorded their respective results 
and collection time.

We calculated the bicarbonate dosage through 
gasometry, using the Nova Biomedical Start Profile 
Prime equipment. This equipment combines micro-
electronics with the MicroSensor CardTM in a blood 
gas analyzer.10 The samples in 1 ml syringes with hep-
arin were homogenized and placed in the equipment 
as soon as they arrived at the laboratory. We recorded 
their respective results and collection time.

Statistical analysis

To calculate the sample number we used the method 
proposed by Lu MJ et al.11 We considered an initial 
pilot sample with 10 cases. In these cases, we ob-
tained an average difference between the methods di-
vided by the standard deviation of 2.9. Considering 
an alpha of 0.05 and beta of 0.80. We had a sample 
of 48 cases.

We performed the analysis using the Pearson’s 
correlation between the two dosages. To assess agree-
ment, we used the Bland-Altman method,12 which is 
based on the average difference between the two dos-
ages, which should be in the range of 2 times the stan-
dard deviation (upper threshold and lower threshold). 
We used the R version 3.4.2 software.



Braz. J. Nephrol. (J. Bras. Nefrol.) 2020;42(4):478-481

Bicarbonate concordance analysis

480

Results

We analyzed 51 samples, and our analysis revealed a 
high correlation (r = 0.73, p < 0.001), with a mean dif-
ference (bias) of 1.15 ± 3 mmol/L (Table 1, Figure 1).

The median time between collection and examina-
tion was 241 minutes. There was no correlation be-
tween the collection time and the average bicarbonate 
difference (r = 0.14 and p = 0.32); however, the cases 
that showed the greatest mean difference (bias) were 
those analyzed after the median period of 241 min-
utes (Figure 2).

Number of samples 51

Mean difference (Bias) 1.15

Upper concordance threshold (+1.96 x dp) 7.07

Lower concordance threshold (-1.96 x dp) -4.75

Critical difference 5.91

Pearson’s correlation (r) 0.728

Correlation p-value < 0.001

Table 1	 Concordance and correlation among 	
	 the biochemical and gas analysis data

Figure 1. Correlation between serum bicarbonate and gasometry 
bicarbonate. Linear regression with r = 0.73. Bland-Altman diagram 
showing the mean difference on the y-axis by the mean of the two 
groups. The red line represents the mean difference (Bias) and the 
blue lines, the upper and lower concordance thresholds.

Figure 2. Bland-Altman diagram showing the mean difference on 
the y-axis by the mean of the two groups. The red line represents 
the mean difference (Bias) and the blue lines, the upper and lower 
concordance thresholds. The colors of the dots represent the median 
collection time: higher or lower than 241 minutes.

Discussion

In this study, we evaluated the concordance between 
the values of bicarbonate calculated by gasometry 
and those measured by biochemistry, in stage-5 
chronic kidney patients. We found a median correla-
tion between the dosages with a relative concordance 
between the measurements. The mean difference 
(bias) was 1.15 mmol/liter, and when we evaluated 
the Bland-Altman diagram, most cases were between 
1.98 of standard deviation.12 The largest differences 
(greater than 7 mmol/liter) were found in cases where 
the interval between the collection and the examina-
tion was greater than 240 minutes. When analyzing 
only samples in which the period between collection 
and dosage was less than 4 hours, the average dif-
ference between the methods was 1.15 mmol/liter, 
considered clinically and statistically acceptable, since 
most of the differences are in the confidence interval.

Considering the routine of a hemodialysis unit, 
the four-hour time between collection and exams is 
acceptable. In this context, the concordance between 
the bicarbonate values calculated by gasometry and 
those measured by biochemistry assessed by the 
Bland-Altman diagram was in the desirable range of 
up to two standard deviations.
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The use of correlation alone is not a good param-
eter to assess the concordance between the two tests, 
as previously discussed by Bland and Altman,12 who 
proposed a method based on the average difference 
between the two measures. Considering that the av-
erage difference follows a normal distribution, the 
difference between the two methods (bicarbonate 
calculated from gasometry and that measured by bio-
chemistry) must be between 1.98 standard deviation, 
at the lower and upper thresholds. Placing the data on 
a graph, we observe the mean difference (y-axis) by 
the mean of the results (mean of the gas analysis and 
biochemistry bicarbonate) on the x-axis. Two more 
lines are drawn with the confidence intervals. The up-
per line comprises the value of the average added to 
1.98 times the standard deviation and the lower line, 
the average minus 1.98 times the standard deviation. 
It is expected that the mean differences are situated 
close to the reference line of zero and between the two 
threshold lines of the standard deviations.13 Thus; one 
can evaluate the concordance between the two tests 
more appropriately by visual inspection of the Bland-
Altman chart.

Possible limitations of this study reside in its uni-
centric nature, limiting its reproducibility, where 
different techniques of biochemical analysis or gas 
analysis are used. Measurements were made in hemo-
dialysis patients, limiting their extrapolation to pre-
dialysis or peritoneal dialysis patients.

We can conclude that the biochemical dosage of 
bicarbonate compared to that calculated from blood 
gas analysis in chronic renal patients is consistent. At 
HC UNESP, after this concordance analysis, it was 
possible to realize cost savings in bicarbonate dos-
ages, especially in the routine of patients undergoing 
chronic hemodialysis therapy/ which can be extended 
to the entire country. Considering a dialysis with 200 
patients and an average cost of R $ 20.00 reals for 
blood gas analysis, and R $ 0.30 cents for serum bi-
carbonate, the monthly cost of bicarbonate dosage by 
blood gas analysis is R $ 4,000.00 compared to R 
$ 60.00 reals for biochemistry. For greater concor-
dance among the data, it is important that the time 
between the collection of samples and the referral to 

the laboratory for the performance of the dosages 
does not exceed four hours.
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