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ORIGINAL ARTICLE

Serum lactate level may predict the development of acute kidney
injury in acute decompensated heart failure

Serum laktat seviyesi, akut dekompanse kalp yetersizliginde akut bobrek hasarinin
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ABSTRACT

Objective: Acute decompensated heart failure (ADHF) is
a life-threatening medical condition and more than 30% of
patients hospitalized for ADHF develop acute kidney injury
(AKI), which increases the rate of both mortality and mor-
bidity. Previous research has indicated that several biomar-
kers may help to predict the development of AKI. The aim of
this study was to investigate the relationship between lactate
level at the time of admission and AKI in ADHF patients.
Methods: A total of 154 consecutive ADHF patients were
prospectively enrolled from June 2018 to December 2018,
and after applying the exclusion criteria, a total of 91 patients
were included in the study. The patients were divided into 2
groups: those with and without AKI.

Results: There were 63 patients in the group without AKI and
28 patients in the group with AKI. The AKI group had a higher
percentage of a history of chronic kidney disease (CKD), a
higher creatinine level, lower glomerular filtration rate level,
lower bicarbonate level, higher lactate level, and a lower left
ventricular ejection fraction compared with the non-AKI group
(p<0.05 for all parameters). Multiple logistic regression analy-
sis determined that CKD history (odds ratio [OR]: 4.003, 95%
confidence interval [Cl]: 1.295—-12.371; p=0.016) and lactate
level (OR: 1.545, 95% Cl: 1.222—-1.954; p<0.001) were inde-
pendent predictive parameters for developing AKI.
Conclusion: An elevated lactate level may help to make an
early diagnosis of AKI, an important concern in ADHF.

OZET

Amac: Akut dekompanse kalp yetersizligi (ADKY) hayati teh-
like arz eden bir tibbi durumdur ve akut bébrek hasari (ABH),
ADKY nedeniyle hastaneye yatirilan hastalarin %30’undan
fazlasinda geliserek hem mortalite hem de morbidite oranla-
nni artirmaktadir. Onceki calismalar ABHnin gelisimini én-
goérmek icin gesitli biyobelirtecler kullanilabilecegini bildirmistir.
Biz bu calismada, ADKY hastalarinda bagvuru sirasindaki lak-
tat duizeyleri ile ABH arasindaki iligkiyi arastirmay amagladik.
Yéntemler: Haziran 2018 ile Aralik 2018 arasinda ardigik top-
lam 154 ADKY hastasi calismaya ileriye yénelik olarak alindi ve
dislama kriterleri sonrasinda toplam 91 hasta incelendi. Hasta-
lar ABH gelisen ve gelismeyen olmak zere iki gruba ayrildi.
Bulgular: Hastalar ABH gelismeyen 63, ABH gelisen 28 has-
ta olmak Uzere iki gruba ayrildi. ABH gelisen grupta, ABH
gelismeyen gruba gére daha yiksek kronik bébrek hastalig
Oykusl, daha yuksek kreatinin seviyeleri, daha dusik GFR
seviyeleri, daha disiik HCO3 seviyeleri, daha yiksek laktat
seviyeleri ve daha dislik LVEF degerleri vardi (tim paramet-
reler icin p<0.05). Akut bdbrek hasarinin gelismesinde bagim-
siz belirleyicileri belirlemek icin ¢oklu lojistik regresyon analizi
yapildi. KBH éykisi (odds orani [OO] 4.003, %95 GA [glven
arahgi] 1.295-12.371, p=0.016) ve laktat seviyeleri (OO 1.545,
%95 GA 1.222-1.954, p<0.001) akut boébrek hasarinin gelis-
mesinde bagimsiz 6ngdrdiricl parametreler olarak saptandi.
Sonuc: Akut bébrek hasari ADKY hastalarinda en buyuk so-
runlardan biridir ve yliksek laktat seviyeleri akut bobrek hasa-
rinin erken teshisinde yardimci olabilir.
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cute decompensated heart failure (ADHF) is a

life-threatening medical condition defined as the
sudden onset or worsening of the symptoms and signs
of heart failure."! Early recognition of ADHF and
early application of pharmacological and non-phar-
macological treatment are of great importance in the
prognosis.!'! Despite appropriate medical treatment,
the 1-year mortality rate of ADHF in various regis-
tries is approximately 20% to 30%.>*! Furthermore,
acute kidney injury (AKI) develops in more than 30%
of patients hospitalized for ADHF, which increas-
es both mortality and morbidity. A diagnosis of AKI
would be considered in the decision-making process
for the selection or withdrawal of therapeutic agents
used in the treatment of ADHF, such as diuretics and
renin-angiotensin-aldosterone system (RAAS) block-
ers.** Therefore, prevention and early recognition of
AKI in ADHF patients are important.

In ADHF patients, arterial blood gas (ABG) test
parameters deteriorate due to both impaired gas ex-
change in the lungs and decreased tissue perfusion
resulting from the low cardiac output.”! It has been
suggested that they may be utilized to evaluate the ef-
ficacy of ADHF treatment as many studies have shown
that ABG parameters, including the levels of pH, lac-
tate, and partial pressure of carbon dioxide, were of
prognostic value in ADHF patients.®*) Decreased oxy-
gen delivery, reduced cardiac output, and subsequent
tissue hypoperfusion elevate the serum lactate level in
ADHEFE.""'I One of the pathomechanisms in the devel-
opment of AKI in ADHF patients, as in lactate eleva-
tion, is organ hypoperfusion and renal hypoperfusion,
and consequently, these changes may be reflected in
deterioration of kidney function.'!

Previous studies have determined that the level of
lactate may serve as a useful marker for predicting
AKI in patients undergoing cardiac surgery.'”! The
objective of this study was to investigate the relation-
ship between lactate level at the time of hospital ad-
mission and AKI in ADHF patients.

METHODS

A total of 154 consecutive ADHF patients were
prospectively enrolled from June 2018 to December
2018 at a single study center. ADHF was diagnosed
based on the current European Society of Cardiology
guidelines."! ADHF was defined as the sudden onset

or worsening of Abbreviations:
the symptoms and 55
signs of heart fail- Apnr
ure‘[1] Patients who AKI Acute kidney injury

AUC Area under the curve
had acute coronary )

syndrome; had un- ¢

Arterial blood gas

Acute decompensated heart failure

Chronic kidney disease
Confidence interval

dergone invasive eGFR  Estimated glomerular filtration rate
. GFR Glomerular filtration rate

pI'OCCdllI' €s requir- HCO3  Bicarbonate
ing contrast admin- KDIGO Kidney Disease: Improving Global
istration; had re- Quicomes

. . . LVEF Left ventricular ejection fraction
ceived intermittent/ i w0
continuous renal RAAS  Renin-angiotensin-aldosterone
placement  thera- QR

py; had a systolic

blood pressure <90 mmHg; had a diagnosis of sepsis
or systemic inflammatory, hepatic, or neoplastic dis-
ease; and those for whom an ABG test was performed
after receiving initial treatment were excluded from
the study. This study was performed according to the
principles of the Declaration of Helsinki after receiv-
ing the approval of our institutional ethics committee.

In the emergency setting and at the time of admis-
sion, all of the study patients underwent an ABG ana-
lysis, including evaluation of the pH, lactate, bicarbon-
ate (HCO3), and oxygen saturation levels. Other blood
samples were also collected on admission to carry out
hematologic tests and biochemistry tests. The estimated
glomerular filtration rate (¢eGFR) was calculated using
the Chronic Kidney Disease Epidemiology Collabora-
tion equation.*! AKI was defined according to the Kid-
ney Disease: Improving Global Outcomes (KDIGO)
criteria as a creatinine increase of more than 0.3 mg/dL.
or a 20% reduction in eGFR during the hospital stay.
151 Chronic kidney disease (CKD) was defined accord-
ing to current international guidelines: decreased kid-
ney function evidenced by a GFR of <60 mL/min/1.73
m?2.!"! Echocardiography was performed on all of the
study patients, and the left ventricular ejection fraction
(LVEF) was assessed with the Simpson method.

Statistical analysis

All values were expressed as mean+SD or median
(25"-75" percentile), or as a percentage. The normal-
ity of the distribution of the data was assessed with
the Kolmogorov-Smirnov test. For the non-normally
distributed variables, the comparison of groups was
performed using nonparametric tests. Comparisons of
continuous variables between the 2 study groups were
performed using Student’s t-test or the Mann-Whit-
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ney U test. The distribution of categorical variables
was compared with a chi-square test. Finally, multiple
logistic regression analysis was performed to deter-
mine independent predictors of developing AKI. The
correlation of continuous variables was analyzed us-
ing Spearman and Pearson correlation analyses. All
of the statistical analyses were performed with IBM
SPSS Statistics for Windows, Version 21.0 software
(IBM Corp., Armonk, NY, USA). A p value of <0.05
was considered statistically significant.

RESULTS

A total of 154 patients were enrolled during the study
period. The exclusion criteria eliminated 26 patients

because the ABG test was performed after initial treat-
ment, 12 patients due to acute coronary syndrome or
invasive procedures requiring contrast administration,
6 patients who had received intermittent/continuous
renal placement therapy, 12 patients with a systolic
blood pressure <90 mmHg, and 7 patients due to a
diagnosis of sepsis or systemic inflammatory, hepa-
tic, or neoplastic disease. A total of 91 patients were
included in the study. The patients were divided into
2 groups: 63 patients without AKI were designated as
the non-AKI group, and 28 patients with AKI were
allocated to the second group. The clinical and de-
mographic characteristics and laboratory findings of
the patients are summarized in Table 1. The normal

Table 1. Baseline clinical, echocardiographic, and laboratory characteristics of the study population

Variable All (n=91) AKI (-) (n=63) AKI (+) (n=28) p
Demographics
Age, years 71.4+10.4 70.6+11.4 73.3+7.5 0.251
Gender, n (%)
Male 45 (49) 32 (51) 13 (46) 0.821
Female 46 (51) 31 (49) 15 (54)
DM, n (%) 38 (42) 25 (40) 13 (46) 0.646
Smoker, n (%) 42 (46) 32 (51) 10 (36) 0.255
Previous coronary artery disease, n (%) 61 (67) 43 (68) 18 (64) 0.810
Chronic kidney disease history, n (%) 41 (45) 22 (35) 19 (68) 0.006
Laboratory values
Creatinine (mg/dL) 1.38+0.71 1.25+0.47 1.68+1.01 0.007
GFR (mL/min/1.73 m?) 53.8+21.8 57.7+21.8 45.2+19.7 0.011
Hemoglobin (g/dL) 11.8+1.9 12+2.2 11.5+1.4 0.297
WBC (10°%L) 12.7+4.4 12.3+4.5 13.6+4.1 0.208
AST (UL) 37.2+36.3 33.8+23.7 45.1£54.8 0.171
ALT (UL) 28.4+32.2 26.1+17.8 33.9+51.8 0.284
Arterial blood gas values
Sa02 (%) 83.2+6 8316.2 83.6+5.9 0.681
pH 7.24+0.09 7.26+0.09 7.22+0.08 0.116
HCO3 (mmol/L) 19.11£3.6 19.8+3.6 17.243 0.001
Lactate (mmol/L) 3.9+2.6 3.1+1.9 5.7+3 <0.001
LVEF (%) 37.4+10.8 39.3+10.8 33.2+9.8 0.013
Clinical outcomes
Length of hospital (days) 7.243.5 5.5+2.1 10.9+2.9 <0.001
Renal replacement therapy, n (%) 8(9) - 8 (29) <0.001
In-hospital mortality, n (%) 16 (18) 4 (6) 12 (43) <0.001

AKI: Acute kidney injury; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; DM: Diabetes mellitus; GFR: Glomerular filtration rate; HCO3:
Bicarbonate; LVEF: Left ventricular ejection fraction; SaO2: Oxygen saturation; WBC: White blood cell.
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Table 2. The result of multivariate logistic regression analysis for the prediction of acute kidney injury

Variable Odds ratio Confidence interval p

History of chronic kidney disease 4.003 1.295-12.371 0.016
Left ventricular ejection fraction 0.966 0.916-1.019 0.205
Lactate 1.545 1.222-1.954 <0.001

reference range of the lactate value in our laborato-
ry was 0.5-1.6 mmol/L. Values above this reference
were considered high. The AKI group had a higher
percentage of CKD history, a higher creatinine level,
lower GFR level, lower HCO3 level, higher lactate
level, and lower LVEF compared with the non-AKI
group (p<0.05 for all parameters). Also, the length of
hospital stay was longer in the AKI group (5.5+2.1
days vs. 10.9+2.9 days, respectively; p<0.001). Renal
replacement therapy was performed in 8 (29%) AKI
patients, which was a significant difference between
the groups (29% vs. 0%; p<0.001). In-hospital mor-
tality was also significantly greater in the AKI patients
compared with the non-AKI group (43% vs. 6%, re-
spectively; p<0.001).

Univariate correlation analysis revealed a mod-
erately inverse correlation between the lactate and
HCO3- levels (r=-0.657; p<0.001). No significant
correlations were found between the lactate and creat-
inine levels (r=0.040; p=0.708).

ROC Curve
1.0 /
0.8
0.6
2z
2
.“‘%
c
[}
)
0.4+ Lactate >3.95 mmol/L, Sensitivity 75%,
Specificity 76%, AUC=0.78, p<0.001
0.2+
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
Figure 1. Receiver operating characteristic (ROC) curve
analysis of the lactate level to predict the development of
acute kidney injury. AUC: Area under the curve.

Multiple binary logistic regression analysis was
performed to determine independent predictors of de-
veloping AKI. In the univariate correlation analysis,
a close relationship was observed between the lactate
and HCO3 levels. Therefore, HCO3 was excluded
from the multivariate analysis. CKD history, LVEF,
and lactate level were evaluated with multivariate bi-
nary logistic regression analysis, which revealed that
CKD history (OR: 4.003, 95% CI: 1.295-12.371;
p=0.016) and lactate level (OR: 1.545, 95% CI:
1.222-1.954; p<0.001) were independent predictive
parameters for developing AKI (Table 2).

Receiver operating characteristic curve analysis
demonstrated that a lactate level of >3.95 mmol/L
predicted the development of AKI with 75% sensitiv-
ity and 76% specificity (area under the curve [AUC]:
0.78; p<0.001) (Fig. 1).

DISCUSSION

ADHEF is a life-threatening clinical disorder with a
poor prognosis.l'®!71 AKT develops in approximately
30% of ADHF patients in the hospital, resulting in
increased rates of mortality and morbidity.*® As a
result of AKI development, therapeutic agents such
as diuretics and RAAS inhibitors may be excluded
from the treatment regimen for ADHF.*%! The length
of stay in the hospital and the intensive care unit is
prolonged in these patients, which also contributes to
increased morbidity and mortality.

The development of acute renal failure in ADHF
patients complicates patient management and wor-
sens the prognosis. The ability to identify patients
with a high risk of AKI may help to reduce the mor-
tality and morbidity of ADHF. Previous studies have
shown that patient follow-up monitoring the creati-
nine level and urine output was too limited to make an
early diagnosis of AKL.I"®! Both of these parameters
change slowly with AKI, and they are not sufficient-
ly sensitive to draw conclusions. Therefore, various
urinary and plasma markers have been studied to de-
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termine whether their use would be more beneficial
in establishing an early diagnosis of AKI in ADHF
patients. Studies have reported that urinary biomark-
ers, such as neutrophil gelatinase-associated lipo-
calin, urinary angiotensinogen, and brain natriuretic
peptide; serum albumin; and risk scoring methods
could be used to predict the development of AKI.[192%
Research has also shown that ABG parameters, such
as acid-base balance, hypoxia, and hypercarbia, and
increasing lactate levels can be beneficial in making a
differential diagnosis, performing a risk classification,
and evaluating treatment efficacy in ADHF patients.
8921221 However, the relationship between lactate lev-
el and AKI has not yet been examined. In our study,
we initially hypothesized that the lactate level mea-
sured in an ABG test on admission might predict AKI
development, and our results showed that the lactate
level demonstrated an independent predictive value of
AKI development.

A high lactate level has been shown to have inde-
pendent predictive value for mortality in various cli-
nical situations, including acute coronary syndrome,
trauma, intensive care unit stay, and cirrhosis.l?>>
Furthermore, many studies have reported that a high
lactate level was an independent predictor of hospital
mortality in ADHF patients. Kawase et al.”?! found
that a lactate level of >3.2 mmol/L in ADHF patients
significantly contributed to a high in-hospital mor-
tality rate. Our findings also revealed that the initial
lactate level may allow for the identification of those
ADHF patients at the greatest risk for developing
AKI.

Several components may clarify the relationship
between lactate level and AKI. The causes of AKI
in ADHF are multifactorial. One major cause is the
low cardiac output.'? The kidneys are highly prone
to ischemic injury.” AKI caused by renal hypoper-
fusion develops due to a reduction in cardiac output
in ADHF patients.” Based on this information, we
thought that the lactate level, which is an indicator of
tissue hypoperfusion, might predict AKI. The tissue
hypoperfusion and anaerobic respiration in ischemic
tissues due to low cardiac output in ADHF causes the
lactate levels to increase.!'!!

The relationship between lactate level and acute
renal failure has been in examined several studies.
Mitchell et al.'*! showed that an intraoperatively el-
evated lactate level (mean: 2.7+2 mmol/L, OR: 1.44,

95% CI: 1.15-1.82) was a risk factor for developing
postoperative AKI in patients undergoing elective cor-
onary artery bypass grafting. In another study, a peak
lactate level of >4 mmol/L was associated with a high
probability for AKI in low-risk cardiac surgery pa-
tients (OR: 6.330, 95% CI: 1.957-20.473; p<0.001).
27 In our study, the lactate level (OR: 1.545,95% CI:
1.222-1.954; p<0.001) was determined to be an in-
dependent predictive parameter for the development
of AKI and a lactate level of >3.95 mmol/L predicted
AKI with 75% sensitivity and 76% specificity (AUC:
0.78; p<0.001).

In addition to the level of lactate, our results
demonstrated that a positive history of CKD had
predictive value in the development of AKI. The
relationship between basal renal function and AKI
is controversial. Some studies have shown that bas-
al creatinine and GFR values were not associated
with AKI, though they are accepted as risk factors
for death and rehospitalization.?®! In the ESCAPE
trial (Evaluation Study of Congestive Heart Failure
and Pulmonary Artery Catheterization Effectiveness),
Nohria et al.!”® observed that basal renal parameters
did not have a predictive value for declining renal
function in patients with decompensated heart fail-
ure. However, other studies have shown that impaired
renal function on admission had an independent pre-
dictive value for AKI. In the Pre-RELAX study (Pre-
liminary study of RELAXin in Acute Heart Failure),
Voors et al.'*’! found that the basal creatinine level was
a risk factor for deterioration in renal function (OR:
1.41,95% CI: 1.04-1.93; p<0.0297). Similarly, in our
study, a positive CKD history was determined to be
an independent predictor for the development of AKI.
In our opinion, it is not surprising that a pre-existing
diagnosis of CKD is an independent marker of AKI in
patients with ADHF.

There are several limitations to our study. First, the
number of patients included was relatively small. Sec-
ond, the data analysis was performed only to evaluate
outcomes during hospitalization (the development of
AKI, the emerging need for renal replacement ther-
apy, and in-hospital mortality), which did not allow
for compiling detailed information about short- and
long-term prognosis. Perhaps the major limitation
of our study is that only creatinine and GFR values
were taken into consideration while evaluating AKI;
urine output was not evaluated. Previous reports have
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shown that an increase in creatinine and kidney func-
tion known as pseudo-worsening renal function was
not associated with a poor prognosis in ADHF.**! The
primary means of discerning pseudo-worsening re-
nal function status from AKI is to assess whether in-
creased urine output continues. Finally, hemodynamic
parameters that could account for the development of
AKI, such as stroke volume and cardiac output, could
not be assessed in this study.

Conclusion

AKl is a significant problem in ADHF and contributes
to greater morbidity and mortality. Early detection of
patients with acute renal failure may play an impor-
tant role in improving disease outcomes in patients
with ADHF. An elevated lactate level observed in an
ABG test at admission may help to make an early di-
agnosis of AKI. However, further investigations are
needed to support this conclusion.

Financial disclosure: This research received no specific
grant from any funding agency, commercial or not-for-
profit sectors.

Ethical statement: This study was approved by the Kartal
Kosuyolu Training and Research Hospital Ethics Commit-
tee (date: 26.12.2017, no: 2017.8/12-276).

Peer-review: Externally peer-reviewed.
Conflict-of-interest: None.

Authorship contributions: Concept: M .K.; Design: C.G.,
0.C.; Supervision: I.AI., CK.; Materials: M.K., AK.,
Y.Y,; Data: A.G., E.O.C.; Analysis: M.K., E.B.; Literature
search: M.C., Y.Y; Writing: M.K., C.G.; Critical revision:
I.AI,CK.

REFERENCES

1. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG,
Coats AJ, et al; Authors/Task Force Members; Document Re-
viewers. 2016 ESC Guidelines for the diagnosis and treatment
of acute and chronic heart failure: The Task Force for the di-
agnosis and treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC). Developed with the
special contribution of the Heart Failure Association (HFA) of
the ESC. Eur J Heart Fail 2016;18:891-975.

2. Cleland JG, Swedberg K, Follath F, Komajda M, Cohen-Solal
A, Aguilar JC, et al; Study Group on Diagnosis of the Work-
ing Group on Heart Failure of the European Society of Car-
diology. The EuroHeart Failure survey programme-- a survey
on the quality of care among patients with heart failure in Eu-
rope. Part 1: patient characteristics and diagnosis. Eur Heart J

10.

12.

14.

15.

2003;24:442-63.

Siirila-Waris K, Lassus J, Melin J, Peuhkurinen K, Nieminen
MS, Harjola VP; FINN-AKVA Study Group. Characteristics,
outcomes, and predictors of 1-year mortality in patients hos-
pitalized for acute heart failure. Eur Heart J 2006;27:3011-7.
Zhou Q, Zhao C, Xie D, Xu D, Bin J, Chen P, et al. Acute
and acute-on-chronic kidney injury of patients with decom-
pensated heart failure: impact on outcomes. BMC Nephrol
2012;13151. [CrossRef]

Liang KV, Williams AW, Greene EL, Redfield MM. Acute de-
compensated heart failure and the cardiorenal syndrome. Crit
Care Med 2008;36:S75—-88. [CrossRef]

Tarantini L, Cioffi G, Gonzini L, Oliva F, Lucci D, Di Tano
G, et al; Italian Acute Heart Failure Survey. Evolution of renal
function during and after an episode of cardiac decompensa-
tion: results from the Italian survey on acute heart failure. J
Cardiovasc Med (Hagerstown). 2010;11:234—43. [CrossRef]
Gehlbach BK, Geppert E. The pulmonary manifestations of
left heart failure. Chest 2004;125:669—-82. [CrossRef]

Park JJ, Choi DJ, Yoon CH, Oh 1Y, Lee JH, Ahn S, et al;
KorHF Registry. The prognostic value of arterial blood gas
analysis in high-risk acute heart failure patients: an analysis
of the Korean Heart Failure (KorHF) registry. Eur J Heart Fail
2015;17:601—11‘ [CrossRef]

Miiiana G, Nufiez J, Bafuls P, Sanchis J, Nuiiez E, Robles R, et
al. Prognostic implications of arterial blood gases in acute de-
compensated heart failure. Eur J Intern Med 2011;22:489-94.
Fulop M, Horowitz M, Aberman A, Jaffe ER. Lactic acidosis
in pulmonary edema due to left ventricular failure. Ann Intern
Med 1973;791180—6 [CrossRef]

. Gertz EW, Wisneski JA, Neese R, Bristow JD, Searle GL,

Hanlon JT. Myocardial lactate metabolism: evidence of lac-
tate release during net chemical extraction in man. Circulation
1981;63:1273—9. [CrossRef]

Berl T, Henrich W. Kidney-heart interactions: epidemiol-
ogy, pathogenesis, and treatment. Clin J Am Soc Nephrol
2006;1:8—18. [CrossRef]

. Mitchell SC, Vinnakota A, Deo SV, Markowitz AH, Sareyyu-

poglu B, Elgudin Y, et al. Relationship between intraoperative
serum lactate and hemoglobin levels on postoperative renal
function in patients undergoing elective cardiac surgery. J
Card Surg 2018;33:316-21. [CrossRef]

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF
3rd, Feldman HI, et al; CKD-EPI (Chronic Kidney Disease
Epidemiology Collaboration). A new equation to estimate
glomerular filtration rate. Ann Intern Med 2009;150:604—12.
Levey AS, de Jong PE, Coresh J, El Nahas M, Astor BC, Mat-
sushita K, et al. The definition, classification, and prognosis of
chronic kidney disease: a KDIGO Controversies Conference
report. Kidney Int 2011;80:17-28. [CrossRef]

. Jong P, Vowinckel E, Liu PP, Gong Y, Tu JV. Prognosis and

determinants of survival in patients newly hospitalized for
heart failure: a population-based study. Arch Intern Med


https://doi.org/10.1093/eurheartj/ehl407
https://doi.org/10.1186/1471-2369-13-51
https://doi.org/10.1097/01.CCM.0000296270.41256.5C
https://doi.org/10.2459/JCM.0b013e3283334e12
https://doi.org/10.1378/chest.125.2.669
https://doi.org/10.1002/ejhf.276
https://doi.org/10.1016/j.ejim.2011.01.014
https://doi.org/10.7326/0003-4819-79-2-180
https://doi.org/10.1161/01.CIR.63.6.1273
https://doi.org/10.2215/CJN.00730805
https://doi.org/10.1111/jocs.13713
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1038/ki.2010.483

Lactate level and acute kidney injury

689

17.

18

19.

20.

21.

22

23.

2002;162:1689-94. [CrossRef]

Cowie MR, Fox KF, Wood DA, Metcalfe C, Thompson SG,
Coats AJ, et al. Hospitalization of patients with heart failure:
a population-based study. Eur Heart J 2002;23:877-85.

. Yang CH, Chang CH, Chen TH, Fan PC, Chang SW, Chen

CC, et al. Combination of Urinary Biomarkers Improves
Early Detection of Acute Kidney Injury in Patients With Heart
Failure. Circ J 2016;80:1017-23. [CrossRef]

McCullough PA, Jefferies JL. Novel markers and therapies
for patients with acute heart failure and renal dysfunction. Am
J Med 2015;128:312.e1-22. [CrossRef]

Zhou LZ, Yang XB, Guan Y, Xu X, Tan MT, Hou FF, et al.
Development and Validation of a Risk Score for Prediction of
Acute Kidney Injury in Patients With Acute Decompensated
Heart Failure: A Prospective Cohort Study in China. J Am
Heart Assoc 2016;5:6004035. [CrossRef]

Konishi M, Akiyama E, Suzuki H, Iwahashi N, Maejima N,
Tsukahara K, et al. Hypercapnia in patients with acute heart
failure. ESC Heart Fail 2015;2:12—19. [CrossRef]

. Kawase T, Toyofuku M, Higashihara T, Okubo Y, Takahashi

L,Kagawa Y, et al. Validation of lactate level as a predictor of
early mortality in acute decompensated heart failure patients
who entered intensive care unit. J Cardiol 2015;65:164-70.

Lazzeri C, Valente S, Chiostri M, Picariello C, Gensini GF.
Lactate in the acute phase of ST-elevation myocardial infarc-
tion treated with mechanical revascularization: a single-center

24.

25.

26.

217.

28.

29.

experience. Am J Emerg Med 2012;30:92-6. [CrossRef]
Manikis P, Jankowski S, Zhang H, Kahn RJ, Vincent JL. Corre-
lation of serial blood lactate levels to organ failure and mortal-
ity after trauma. Am J Emerg Med 1995;13:619-22. [CrossRef]
Sun DQ, Zheng CF, Lu FB, Van Poucke S, Chen XM, Chen
YP, et al. Serum lactate level accurately predicts mortality in
critically ill patients with cirrhosis with acute kidney injury.
Eur J Gastroenterol Hepatol 2018;30:1361-7. [CrossRef]
Damman K, Testani JM. The kidney in heart failure: an up-
date. Eur Heart J 2015;36:1437—-44. [CrossRef]

Radovic M, Bojic S, Kotur-Stevuljevic J, Lezaic V, Milicic B,
Velinovic M, et al. Serum Lactate As Reliable Biomarker of
Acute Kidney Injury in Low-risk Cardiac Surgery Patients. J
Med Biochem 2019;38:118-25. [CrossRef]

Nohria A, Hasselblad V, Stebbins A, Pauly DF, Fonarow GC,
Shah M, et al. Cardiorenal interactions: insights from the
ESCAPE trial.J Am Coll Cardiol. 2008;51:1268—74. [CrossRef]
Voors AA, Davison BA, Felker GM, Ponikowski P, Unemori
E, Cotter G, et al; Pre-RELAX-AHF study group. Early drop
in systolic blood pressure and worsening renal function in
acute heart failure: renal results of Pre-RELAX-AHF. Eur J
Heart Fail 2011;13:961—7. [CrossRef]

Keywords: Acute decompensated heart failure; acute kidney injury;
lactate.

Anahtar sézclikler: Akut dekompanse kalp yetersizligi; akut bobrek
hasari; laktat.


https://doi.org/10.1001/archinte.162.15.1689
https://doi.org/10.1053/euhj.2001.2973
https://doi.org/10.1253/circj.CJ-15-0886
https://doi.org/10.1016/j.amjmed.2014.10.035
https://doi.org/10.1161/JAHA.116.004035
https://doi.org/10.1002/ehf2.12023
https://doi.org/10.1016/j.jjcc.2014.05.006
https://doi.org/10.1016/j.ajem.2010.10.008
https://doi.org/10.1016/0735-6757(95)90043-8
https://doi.org/10.1097/MEG.0000000000001189
https://doi.org/10.1093/eurheartj/ehv010
https://doi.org/10.2478/jomb-2018-0018
https://doi.org/10.1016/j.jacc.2007.08.072
https://doi.org/10.1093/eurjhf/hfr060

