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Abstract

Aims The relationship between baseline base excess (BE) and survival outcomes in patients with congestive heart failure
(CHF) is unclear. Therefore, we aimed to investigate this relationship based on the Multiparameter Intelligent Monitoring in
Intensive Care Il (MIMIC-IIl) database (v1.4).

Methods and results This retrospective cohort study included 5956 adult patients with CHF from the MIMIC-III database
from 2001 to 2012. Using the Cox proportional-hazard analysis and Kaplan—Meier plot, we evaluated the relationship between
baseline BE and all-cause death at 1 year after admission to the intensive care unit. At the 1 year follow-up, 2104 participants
(35.3%) had died. There was an association between BE and all-cause death (log-rank test P < 0.0001). In the Cox regression
model adjusted for demographic and clinical variables, the risk of all-cause death in the first (BE < —8), second (—8 < BE < —3),
fourth (2 < BE <7), and fifth (BE > 7) BE groups was significantly higher than that in the third BE group (—3 < BE <2) [hazard
ratio (HR) 1.99, 95% confidence interval (Cl) 1.62-2.43, HR 1.40, 95% Cl 1.23-1.60, HR 1.46, 95% Cl 1.26-1.69, and HR 1.68,
95% 1.33-2.12, respectively]. Similar results were observed when BE was modelled as a continuous variable using a Cox

regression model with a restricted cubic spline.
Conclusions

This study demonstrated the existence of a U-shaped relationship between BE and survival outcome in patients

with CHF. Both low and high BE increased the risk of all-cause mortality.
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Introduction

Congestive heart failure (CHF) is a common disease with high
mortality. An estimated 40 million people were living with
CHF worldwide in 2015.} In the first year after diagnosis,
the risk of death is about 35%, while in the second year, those
who survive are less than 10%.2

Patients with CHF need diuretics to reduce the burden on
the heart.®> Additionally, these patients have pulmonary
congestion, decreased blood oxygen partial pressure, and
carbon dioxide retention. The long-term existence of these
conditions leads to disorders in the acid—base balance.”

Base excess (BE) refers to the amount of acid or alkali
needed to adjust the pH value to the normal range, and it
is one of the indicators reflecting a disorder in the acid—base

balance. Previous studies have shown that BE is a predictor of
outcomes in patients with traumatic shock and is a valuable
indicator for guiding blood transfusion treatment.”” How-
ever, the ability of BE values to predict the outcomes of pa-
tients with CHF remains unclear.

A recent study suggested that BE has a positive linear rela-
tionship with the prognosis of patients with acute heart
failure®; high but not low BE values increased the risk of
all-cause mortality. However, the sample size of the study
was small. Additionally, the authors evaluated the association
between different BE intervals (<—2, between —2 and <2,
and >2) and survival outcomes, which provides little informa-
tion when the BE is lower than —2 or higher than 2.

To address this issue, we performed a retrospective
study using the open-source Multiparameter Intelligent
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Monitoring in Intensive Care Il (MIMIC-11I) database to clarify
the association between BE value and survival outcome in
CHF patients.

Methods
Data source

Our research was based on the open-source MIMIC-IIl data-
base, which includes health data for more than 40 000 pa-
tients hospitalized in the intensive care unit (ICU) of Beth
Israel Deaconess Medical Center from 2001 to 2012.° We
used the most recent version (v1.4) for the research. The da-
tabase contains comprehensive clinical data, such as patient
characteristics, laboratory outcome, medication, Interna-
tional Classification of Diseases 9th revision (ICD-9) disease
code, and medical records. We completed the National Insti-
tutes of Health online course and passed the Examination for
Protecting Human Research Participants and applied for ac-
cess. The project was approved by Beth Israel Deaconess
Medical Center and the institutional review board of the Mas-
sachusetts Institute of Technology (Cambridge, Massachu-
setts). The patients’ identification details were hidden to
protect their privacy.

Inclusion and exclusion criteria

We included adult patients (>18 years) with CHF at first ICU
admission from the database on the basis of the ICD-9 dis-
ease code [4280-4289 and 39891, 4280 = CHF, unspecified;
4281 = left heart failure; 4282 = systolic heart failure;
4283 = diastolic heart failure; 4284 = combined systolic and
diastolic heart failure; 4289 = heart failure, unspecified;
39891 = rheumatic heart failure (congestive)]. The exclusion
criteria were as follows: (i) non-adult patients; (ii) absence
of CHF; and (iii) missing baseline BE value at ICU admission.

Variables of interest

After applying and obtaining permission, we downloaded the
database to the local database and used Structured Query
Language (SQL) with PostgreSQL (version 9.6) to extract re-
lated variables, outcomes, and data. The variables included
the subject code, admission code, ICU code, physical charac-
teristics (including age, gender, height, weight, and ethnicity),
vital signs (including heart rate, systolic pressure, diastolic
pressure, respiration rate, and SPO,), laboratory parameters
[including white blood cell (WBC), haemoglobin, total biliru-
bin, creatinine, C-reactive protein, troponin I, NT-proBNP, so-
dium, potassium, BE, pH, PO,, PCO,, lactate, and
bicarbonate], ejection fraction, medications [including

angiotensin-converting enzyme inhibitor (ACEl), angiotensin
receptor blocker (ARB), digoxin, beta-blockers, and diuretics],
and co-morbidities (including peripheral vascular disease,
neurological disease, hypertension, chronic pulmonary dis-
ease, diabetes, renal failure, atrial fibrillation/flutter, and hy-
pothyroidism). Missing values were imputed using the
random forest imputation method.*°

Primary endpoint

Survival information (including survival outcome and time of
death) was obtained from the Social Security Death Index re-
cords. Our study endpoints were all-cause mortality at 1 year
from the date of ICU admission.

Statistical analysis

Descriptive statistics were used to present the differences be-
tween characteristics across five groups of BE (BE < —8,
—8 <BE< -3, —-3<BE<2,2<BE<7 and BE > 7). Con-
tinuous variables are presented as mean + standard devia-
tion, and categorical variables are presented as
percentages. The Kaplan—Meier method was used to calcu-
late the cumulative incidence of all-cause mortality by BE
group. Proportional-hazard analysis was used to examine
the association between the baseline BE value with 1 year
all-cause mortality. Cox regression analysis was used to calcu-
late the hazard ratio (HR) for all-cause mortality as a function
of baseline BE in sequentially adjusted models. The following
models were used in the Cox regression analysis: (i) unad-
justed model; (ii) adjusted for age, ethnicity, and
age x ethnicity interaction term (because ethnicity is more
relevant to the mortality of CHF, as previously reported)'’;
and (iii) adjusted for the variables in Model 2, in addition to
height, weight, heart rate, systolic pressure, diastolic pres-
sure, respiration rate, SPO,, WBC, haemoglobin, total biliru-
bin, creatinine, C-reactive protein, troponin |, NT-proBNP,
potassium, ejection fraction, ACEI, ARB, digoxin, beta-blocker,
diuretic, peripheral vascular disease, neurological disease, hy-
pertension, chronic pulmonary disease, diabetes, renal fail-
ure, and atrial fibrillation/atrial flutter. Because the third BE
group is representative of the normal interval of BE, we chose
the third group as the reference population. The relationship
between baseline BE values (modelled as continuous vari-
ables) and the risk of all-cause mortality was evaluated using
a Cox regression model with a restricted cubic spline.’*> A
two-sided P value of <0.05 was considered statistically signif-
icant in all analyses. All analyses were performed using R ver-
sion 3.5.2 (R Foundation for Statistical Computing, Vienna,
Austria).
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Results

The study flow diagram is shown in Figure 1. A total of 8306
patients with CHF were screened in the database. Fourteen
patients were non-adults, and 2336 patients did not have
baseline BE values. The final analysis included 5956 partici-
pants. A total of 2104 patients (35.3%) died at 1 year from
the date of ICU admission (Figure 1). The baseline character-
istics of the population across the baseline BE groups are
shown in Table 1. When compared with participants with nor-
mal BE, those with low BE were more likely to be men and
younger; have a lower weight and blood pressure; have a
higher heart rate and respiration rate; have a lower SPO,,
blood urea nitrogen, C-reactive protein, pH, PO,, and PCO,;
have a higher WBC, total bilirubin, creatinine, troponin |,
NT-proBNP, potassium, and lactate; have less use of digoxin;
and have a lower prevalence of neurological disease, diabe-
tes, and renal failure. When compared with participants with
normal BE, those with high BE were more likely to be women;
have a lower heart rate; have a higher weight, blood pres-
sure, and respiration rate; have a lower SPO,, WBC, creati-
nine, BUN, troponin I, NT-proBNP, potassium, PO,, and
lactate; have higher haemoglobin, sodium, PCO,, and bicar-
bonate; have more use of ACEl and digoxin and less use of
beta-blocker; have a lower prevalence of peripheral vascular
disease, renal failure and acute coronary syndrome; and have
a higher prevalence of neurological disease, chronic obstruc-
tive pulmonary disease, and diabetes. The baseline character-
istics of those with BE and those without are shown in Table
2. Patients without BE had lower levels of NT-proBNP
(P < 0.001) and a lower rate of 1 year all-cause mortality
(P < 0.001) than did those with BE.

FIGURE 1 Study flow diagram depicting exclusion criteria and outcomes.

There was a statistically significant association between BE
and the risk of all-cause mortality (Figure 2; log-rank test
P < 0.0001). The unadjusted and multivariate-adjusted HRs
of all-cause mortality by categories of baseline BE are shown
in Table 3. In the unadjusted model, when compared with the
patients in the third group (—3 < BE < 2), those in the first,
second, fourth, and fifth groups had a higher risk of
all-cause mortality (HR 3.18, 95% Cl 2.73-3.71, HR 1.86,
95% ClI 1.67-2.07, HR 1.42, 95% Cl 1.25-1.60, and HR 1.75,
95% 1.46-2.09, respectively). In the model adjusted for age,
ethnicity, and age x ethnicity interaction, patients in the first,
second, fourth, and fifth baseline BE groups also had a higher
risk of all-cause mortality than did those in the third group
(HR 3.53, 95% Cl 3.03-4.11, HR 1.90, 95% Cl 1.70-2.12, HR
1.42, 95% Cl 1.26-1.61, and HR 1.85, 95% 1.54-2.21, respec-
tively). In the model adjusted for age, ethnicity,
age x ethnicity interaction, height, weight, heart rate, systolic
pressure, diastolic pressure, respiration rate, SPO,, WBC,
haemoglobin, total bilirubin, creatinine, C-reactive protein,
troponin |, NT-proBNP, potassium, ejection fraction, ACEI,
ARB, digoxin, beta-blocker, diuretic, peripheral vascular dis-
ease, neurological disease, hypertension, chronic obstructive
pulmonary disease, diabetes, renal failure, and atrial
fibrillation/flutter, patients in the first, second, fourth, and
fifth baseline BE groups had a higher risk of all-cause mortal-
ity than did those in the third group (HR 1.99, 95% CI 1.62—
2.43, HR 1.40, 95% Cl 1.23-1.60, HR 1.46, 95% CI 1.26-1.69,
and HR 1.68, 95% 1.33-2.12, respectively).

The unadjusted spline curve demonstrated a U-shaped re-
lationship between BE and the risk of all-cause mortality (Fig-
ure 3A). When adjusting for age, ethnicity, height, weight,
heart rate, systolic pressure, diastolic pressure, respiration
rate, SPO,, WBC, haemoglobin, TB, creatinine, C-reactive

Study population

‘ Assessed for eligibility (n = 8306) ‘

Final cohort (121 = 5956)

Excluding (n = 2350)
Missing baseline base excess
(n =2336)
Non-adults (n = 14)

(n=2104)

A 4
A 4

A 2 . 4 . 2 A 4
BE<-8 -8<BE<-3 -3<BE=<2 2<BE<7 BE>7
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Table 2 Baseline characteristics between those with base excess and without
BE No BE P value
Number of patients 5956 2336
Male (%) 55.1 55.0 0.918
Age 70.45 = 12.70 7213 = 12.68 <0.001
Ethnicity (%) <0.001
White 71.3 73.1
Black 7.6 9.5
Hispanic 2.3 2.6
Asian 1.7 1.8
Other 171 13
Height (cm) 168.58 = 10.75 167.80 = 11.15 0.004
Weight (kg) 83.25 = 25.35 81.88 = 23.57 0.025
Heart rate 86.17 = 14.99 81.33 + 16.06 <0.001
Systolic pressure (mmHg) 115.82 = 16.36 118.50 = 18.29 <0.001
Diastolic pressure (mmHg) 57.65 £ 9.82 58.87 = 11.65 <0.001
Respiration rate 19.37 £ 4.21 19.53 + 3.55 0.106
SPO, (%) 97.00 = 2.81 96.62 + 2.08 <0.001
White blood cell (K/uL) 13.20 = 10.18 10.65 + 6.10 <0.001
Haemoglobin (g/dL) 10.72 = 1.82 10.94 = 2.00 <0.001
Total bilirubin (mg/dL) 1.15 + 2.03 1.30 = 2.17 0.003
Creatinine (mg/dL) 1.63 £ 1.53 1.75 = 1.61 0.001
BUN (mmol/L) 31.54 = 22.82 35.89 + 25.39 <0.001
C-reactive protein (mg/L) 99.04 + 74.46 86.13 = 92.46 <0.001
Troponin | (ng/mL) 6.91 + 9.84 11.64 = 13.01 <0.001
NT-proBNP (pg/mL) 10798.29 = 14204.23 7126.32 = 8004.64 <0.001
Sodium (mmol/L) 138.12 = 4.23 138.34 + 4.49 0.031
Potassium (mmol/L) 4.29 + 0.56 4.23 + 0.58 <0.001
EF <0.001
10-35% 7.1 6.4
35-55% 31.3 33.0
55-70% 26.5 22.0
>70% 6.7 5.8
ACEI (%) 27.2 26.0 0.575
ARB (%) 1.7 2.7 0.009
Digoxin (%) 8.6 9.8 0.167
Beta-blocker (%) 45.0 33.2 <0.001
Diuretic (%) 71.8 52.7 <0.001
Peripheral vascular disease (%) 15.1 12.3 0.001
Neurology (%) 8.7 7.8 0.22
Hypertension (%) 58.7 64.9 <0.001
Chronic pulmonary disease (%) 28.0 24.0 <0.001
Diabetes (%) 37.0 39.1 0.077
Renal failure (%) 21.5 29.7 <0.001
Atrial fibrillation/flutter (%) 45.1 44.0 0.356
Hypothyroidism (%) 10.1 12.3 0.004
1 year mortality (%) 35.3 31.3 <0.001

The neurology was defined as hypoxic—ischemic encephalopathy, hypoxic—ischemic encephalopathy, unspecified, mild hypoxic—ischemic
encephalopathy, moderate hypoxic—ischemic encephalopathy, and severe hypoxic—ischemic encephalopathy.
ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; BE, base excess; BUN, blood urea nitrogen; EF, ejec-

tion fraction.

et al., the authors evaluated the clinical profile and manage-
ment of hypercapnia in acute heart failure. The authors con-
cluded that hypercapnia was possibly involved in the
pathophysiology of acute pulmonary oedema. Thus, the hy-
percapnia may be due to respiratory or metabolic alkalosis,
and the type of alkalosis contributing to the prognosis should
be identified. Additionally, the authors did not evaluate the
association between hypercapnia and survival outcomes in
patients with acute heart failure. Our research was based
on the open-source MIMIC-IIl database, which collects the
health data of patients in the ICU.° A total of 5900 CHF pa-
tients were included. We divided them into five groups on
the basis of the BE value, which is a reflection of the

metabolic acid—base imbalance of the body. The results
showed that metabolic acidosis or metabolic alkalosis was as-
sociated with worse outcomes after adjusting for confound-
ing factors, and this was consistent with the results of the
Cox regression model with a restricted cubic spline.

The U-shaped relationship between BE value and all-cause
mortality can be explained as follows. Patients with CHF need
diuretics to reduce the burden on the heart. However, the
long-term or excessive use of diuretics causes insufficient
blood volume, which leads to increased aldosterone secre-
tion, increased renal sodium retention, and HCO3 reabsorp-
tion and ultimately to alkalosis.*®” Previous studies have
shown that the base deficit can be used to identify patients
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FIGURE 2 Kaplan—Meier plot showing the cumulative incidence of all-cause mortality by group of base excess among patients with congestive heart

failure.

Log-rank test P < 0.0001
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Table 3 Hazard ratios (95% confidence interval) of all-cause mortality according to groups of baseline base excess

Base excess concentration groups

First (BE < —8)

Second (—8 < BE< —3)

Third (-3 < BE<2) Fourth (2 <BE<7) Fifth (BE > 7)

n 342 1105
events 203 495
Model 1 (HR and 95% ClI) 3.18 (2.73-3.71) 1.86 (1.67-2.07)
Model 2 (HR and 95% ClI)  3.53 (3.03-4.11) 1.90 (1.70-2.12)
Model 3 (HR and 95% CI) 1.99 (1.62-2.43) 1.40 (1.23-1.60)

3242 966 301

909 362 135
Reference 1.42 (1.25-1.60) 1.75 (1.46-2.09)
Reference 1.42 (1.26-1.61) 1.85 (1.54-2.21)
Reference 1.46 (1.26-1.69) 1.68 (1.33-2.12)

BE, base excess; Cl, confidence interval; HR, hazard ratio.

Model 1: unadjusted model. Model 2: adjusted for age, ethnicity, and age X ethnicity interaction. Model 3: adjusted for variables in model
1 plus height, weight, heart rate, systolic pressure, diastolic pressure, respiration, SPO,, WBC, haemoglobin, TB, creatinine, C-reactive pro-
tein, troponin I, NT-proBNP, potassium, ejection fraction, ACEIl, ARB, digoxin, beta-blocker, diuretic, peripheral vascular disease, neurol-
ogy, hypertension, chronic pulmonary disease, diabetes, renal failure, and atrial fibrillation/atrial flutter.

at high risk for traumatic shock and to evaluate the need for
transfusion.*® Therefore, an increased BE value is a manifes-
tation of hypovolemia. Additionally, a high BE may be a com-
pensatory response to CO, retention, which reflects
worsening heart failure. On the contrary, the deterioration
of heart function leads to hypoxia in the tissues and organs,
and the anaerobic metabolism of the cells secretes a large
amount of acidic substances, which eventually causes
acidosis.?®?° Severe acidosis causes electrolyte disturbances,
increases the incidence of malignant arrhythmias, causes
myocardial damage, and worsens cardiac function.?>?! Evi-
dence has shown that BE is a useful marker for evaluating
the clearance of acidosis after traumatic shock and that a per-
sistent base deficit suggests a poor prognosis.

Volume management in patients with heart failure is es-
sential. Excessive or insufficient diuresis may lead to the
worsening of heart function. Nevertheless, the early identifi-
cation of the patient’s capacity is challenging, and current
methods of identifying insufficient capacity are limited. A

study involving 16 000 patients with hypovolemic shock
showed that the ability to identify early shock based on the
BE value classification was better than that of the current Ad-
vanced Trauma Life Support classification of hypovolemic
shock (combining heart rate, systolic blood pressure, and
Glasgow Coma Scale score).®® Furthermore, BE can be used
to identify patients who need early blood transfusions. There-
fore, the body’s capacity in patients with severe heart failure
can be assessed early by combining the symptomes, signs, and
BE values.

In this study, PCO, increased with BE values higher than 2
but the pH was not changed, which showed that the PCO, in-
crease was a compensatory response to metabolic alkalosis.
However, the PCO, level did not significantly decrease with
BE values lower than —3. This demonstrated the absence of
a relationship between PCO, and BE value. Additionally,
PCO, level was not an independent risk factor in the univari-
ate model. Therefore, respiratory acidosis is not a predictor
of all-cause mortality.
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FIGURE 3 Hazard ratios of all-cause mortality as a function of baseline base excess. (A) Base excess was modelled as a continuous variable and fitted in
an unadjusted Cox proportional-hazard model using restricted quadratic spline regression. (B) Base excess was modelled as a continuous variable and
fitted in a Cox proportional-hazard model using restricted quadratic spline regression adjusted for age, ethnicity, height, weight, heart rate, systolic
pressure, diastolic pressure, respiration rate, SPO,, WBC, haemoglobin, TB, creatinine, C-reactive protein, troponin |, NT-proBNP, potassium, EF, ACEI,
ARB, digoxin, beta-blocker, diuretic, peripheral vascular disease, neurology, hypertension, chronic pulmonary disease, diabetes, renal failure, and atrial
fibrillation/flutter. WBC, white blood cell; CRP, C-reactive protein; EF, ejection fraction; ACEI, angiotensin-converting enzyme inhibitor; ARB, angioten-

sin receptor blocker.
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Our study has several strengths. First, as noted earlier,
our study was based on the MIMIC-IIl database, which col-
lects health information of patients in the ICU. Because
blood gas analysis is a critical monitoring indicator in inten-
sive care patients, the BE value can be obtained in most
patients. Second, our sample size was large, which allowed
us to divide the participants into more groups on the basis
of the BE value and to investigate the relationship between
BE value and all-cause death. Finally, we evaluated the re-
lationship between the baseline BE value (modelled as a
continuous variable) and the risk of all-cause mortality
using a Cox regression model with a restricted cubic spline.
A U-shaped relationship between BE value and survival out-
come was consistent with the results of the multivariate
Cox regression analysis.

Limitations

Our research was not without limitations. First, our research
was an observational study; therefore, it was impossible to
determine a relationship between cause and outcome. How-
ever, identifying predictors of survival outcomes helps clini-
cians to manage patients with CHF. Second, the study was
based on a database. Therefore, we could not retrieve all
the baseline characteristics of patients via SQL. For instance,
it was challenging to extract features stored as text, such as

left ventricular end-diastolic diameter. However, we ex-
tracted the ejection fraction data of the population, which
is also a crucial predictor of outcomes in CHF patients. Third,
our study only evaluated the baseline BE value; therefore, we
could not evaluate the influence of dynamic changes in BE
value on survival outcomes. Fourth, the MIMIC-Ill dataset
mainly collected data for the evaluation of critically ill pa-
tients and did not only include those with CHF. In this study,
we identified patients with CHF by searching for ICD-9 codes
in the ‘d_icd_diagnoses’ table in the database. In this table,
the different diagnoses were listed separately. Therefore, it
was hard to identify that a patient was admitted because of
heart failure. However, the included patients in this study
had a notably high NT-proBNP and high diuretic usage, which
suggested that uncontrolled heart failure may have been one
of the main indications for admission.

Conclusions

Our study showed the existence of a U-shaped relationship
between BE value and the risk of all-cause death in patients
with CHF. Both high and low BE values increased the risk of
all-cause death. These findings reiterate the importance of a
strict maintenance of acid—base balance in patients with
CHF in order to decrease the risk of poor outcomes.

ESC Heart Failure 2021; 8: 250-258
DOI: 10.1002/ehf2.12939



258

W. Guo et al.

Conflict of Interest

None declared.

References

. Disease GBD, Injury I, Prevalence C.

Global, regional, and national incidence,
prevalence, and years lived with disabil-
ity for 310 diseases and injuries, 1990-
2015: a systematic analysis for the
Global Burden of Disease Study 2015.
Lancet 2016; 388: 1545-1602.

. Chronic Heart Failure: National Clinical

Guideline for Diagnosis and Management
in Primary and Secondary Care: Partial
Update.  National Clinical Guideline
Centre (UK), London; 2010.

. Ellison DH, Felker GM. Diuretic treat-

ment in heart failure. N Engl J Med
2017; 377: 1964-1975.

. Urso C, Brucculeri S, Caimi G. Acid-base

and electrolyte abnormalities in heart
failure: pathophysiology and implica-
tions. Heart Fail Rev 2015; 20: 493-503.

. Davis JW, Parks SN, Kaups KL, Gladen

HE, O’Donnell-Nicol S. Admission base
deficit predicts transfusion requirements
and risk of complications. J Trauma
1996; 41: 769-774.

. Ibrahim I, Chor WP, Chue KM, Tan CS,

Tan HL, Siddiqui FJ, Hartman M. Is arte-
rial base deficit still a useful prognostic
marker in trauma? A systematic review.
Am J Emerg Med 2016; 34: 626-635.
Smith I, Kumar P, Molloy S, Rhodes A,
Newman PJ, Grounds RM, Bennett ED.
Base excess and lactate as prognostic in-
dicators for patients admitted to inten-
sive care. Intensive Care Med 2001; 27:
74-83.

. Nakano H, Nagai T, Honda Y, Honda S,

Iwakami N, Matsumoto C, Asaumi Y,

10.

11.

12.

13.

14.

Funding

This work was supported by Shenzhen Fundamental Research
Program(JCYJ20160427172544991, JCYJ20180302173854598,
20170502165510880), The Fund of “Sanming” Project of
Medicine in Shenzhen(No. SZXJ2017020, SZXJ2017049).

Aiba T, Noguchi T, Kusano K, Yokoyama
H, Ogawa H, Yasuda S, Chikamori T,
Anzai T. Prognostic value of base excess
as indicator of acid-base balance in
acute heart failure. Eur Heart J Acute
Cardiovasc Care 2020:
2048872619898781.

Johnson AE, Pollard TJ, Shen L, Lehman
LW, Feng M, Ghassemi M, Moody B,
Szolovits P, Celi LA, Mark RG. MIMIC-
111, a freely accessible critical care data-
base. Sci Data 2016; 3: 160035.

Sterne JA, White IR, Carlin JB, Spratt M,
Royston P, Kenward MG, Wood AM, Car-
penter JR. Multiple imputation for miss-
ing data in epidemiological and clinical
research: potential and pitfalls. BMJ
2009; 338: b2393.

Durstenfeld MS, Ogedegbe O, Katz SD,
Park H, Blecker S. Racial and ethnic dif-
ferences in heart failure readmissions
and mortality in a large municipal
healthcare system. JACC Heart Fail
2016; 4: 885-893.

Heinzl H, Kaider A. Gaining more flexi-
bility in Cox proportional hazards re-
gression models with cubic spline
functions. Comput Methods Programs
Biomed 1997; 54: 201-208.

Dunham MP, Sartorius B, Laing GL,
Bruce JL, Clarke DL. A comparison of
base deficit and vital signs in the early
assessment of patients with penetrating
trauma in a high burden setting. Injury
2017; 48: 1972-1977.

Eberhard LW, Morabito DJ, Matthay MA,
Mackersie RC, Campbell AR, Marks JD,

15.

16.

17.

18.

19.

20.

21.

22.

Alonso JA, Pittet JF. Initial severity of
metabolic acidosis predicts the develop-
ment of acute lung injury in severely
traumatized patients. Crit Care Med
2000; 28: 125-131.

Zante B, Reichenspurner H, Kubik M,
Kluge S, Schefold JC, Pfortmueller CA.
Base excess is superior to lactate-levels
in prediction of ICU mortality after car-
diac surgery. PLoS One 2018; 13:
€0205309.

Bollag WB. Regulation of aldosterone
synthesis and secretion. Compr Physiol
2014; 4: 1017-1055.

Farrell GL, Rauschkolb EW, Rosnagle RS.
Increased aldosterone secretion in re-
sponse to blood loss. Circ Res 1956; 4:
606-611.

Davis JW, Dirks RC, Kaups KL, Tran P.
Base deficit is superior to lactate in
trauma. Am J Surg 2018; 215: 682-685.
Stumpf PK, Conn EE. The Biochemistry of
Plants: A Comprehensive Treatise, Volume
2: Metabolism and Respiration. Academic
Press, America; 1980.

Lim S. Metabolic acidosis. Acta Med
Indones 2007; 39: 145-150.

Mitchell JH, Wildenthal K, Johnson RL
Jr. The effects of acid-base disturbances
on cardiovascular and pulmonary func-
tion. Kidney Int 1972; 1: 375-389.
Davis JW, Kaups KL, Parks SN. Base def-
icit is superior to pH in evaluating clear-
ance of acidosis after traumatic shock. J
Trauma 1998; 44: 114-118.

ESC Heart Failure 2021; 8: 250-258
DOI: 10.1002/ehf2.12939




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


