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The serum anion gap is associated
with the prognosis of coronary artery
bypass grafting (CABG): analysis based
on the MIMIC-IV database
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Abstract. - OBJECTIVE: The serum anion
gap (AG) has been reported to be an import-
ant prognostic indicator for patients in intensive
care units. To explore the potential relationship
between the serum AG and 30-day mortality in
patients who underwent CABG.

PATIENTS AND METHODS: All data were col-
lected from the Medical Information Mart for In-
tensive Care IV (MIMIC-1V) database. We divided
patients into 3 groups according to AG tertiles.
The primary outcome of our study was the 30-day
mortality of patients who underwent CABG. The
relationship between the serum AG and mortality
in individuals who underwent CABG was estimat-
ed using Cox proportional hazard models. Sub-
group analysis for effect modification was con-
ducted with a likelihood ratio test.

RESULTS: A total of 5,102 eligible subjects
were included in our analysis. After adjusting for
confounding factors, every unit increase in the
AG was associated with a 22% higher odds of 30-
day mortality in patients who underwent CABG
[hazard ratio (HR), 95% confidence interval (ClI):
1.22, 1.13-1.33] When the AG was converted in-
to a categorical variable, the high AG group had
a higher risk of 30-day mortality than the low AG
group in the fully adjusted model (HR, 95% CI:
3.99, 1.35-11.76). Tests for trends were statistical-
ly significant (p-value < 0.05). Subgroup analysis
demonstrated that higher mortality was related to
the subgroups of people = 70 years and females.

CONCLUSIONS: The serum AG was an inde-
pendent predictor of short-term prognosis in pa-
tients who underwent CABG. A high AG was as-
sociated with an increased risk of 30-day mor-
tality after CABG.
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Introduction

Coronary artery disease (CAD), mainly
caused by the development of atherosclerot-
ic plaques that block the coronary vessel or
rupture, contributes to myocardial infarction
(MI) and other ischemic heart diseases. CAD
has been the leading cause of mortality glob-
ally'. Coronary artery bypass grafting (CABG)
is considered a well-established procedure to
reduce myocardial ischemic injury and subse-
quent mortality by recovering coronary flow.
Although this surgical technique has been con-
siderably developed over the past few years, it
still carriers a considerable risk of periopera-
tive or postoperative morbidity and mortality?.
The identification of useful and effective mark-
ers that could help clinicians judge the prog-
nosis of CABG is urgently needed. The serum
anion gap (AG), which is calculated based on
the measured cation and anion concentrations
(INa (H)] - (THCO (3) ()] + [CL (-)]), is a simple
indicator to assess acid-based balance’. It has
been clinically used for years. Recently, the AG
seems to have renewed usage as a prognostic
predictor. A high AG usually predicts severe
illness or poor outcomes, such as acute kidney
injury, acute pancreatitis, aortic aneurysm, and
cerebral infarction*”. In addition, a high AG is
associated with cardiovascular events®’. How-
ever, whether a high AG could lead to a status
deterioration in patients who undergo CABG
remains unclear. In this study, we try to explore
the potential association between the serum AG
and the prognosis of CABG.
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Patients and Methods

Data Source

We retrieved all data from the Medical Infor-
mation Mart for Intensive Care IV (MIMIC-IV
version 1.0), which contained more than 250 thou-
sand patients admitted to Beth Isracl Deaconess
Medical Center (Boston, MA, USA) from 2008 to
2019'°. We collected patient parameters, including
age, sex, admission date, discharge date, comor-
bidities, vital signs, and laboratory results. The
study was approved by the Institutional Review
Boards of Beth Israel Deaconess Medical Center
(Boston, MA, USA). Identity was hidden to pro-
tect patient privacy; thus, informed consent was
not required.

Population Selection Criteria

We included patients who underwent CABG
according to the Ninth and Tenth Revisions of the
International Classification of Diseases (ICD-9
and ICD-10, respectively), and the exclusion cri-

teria were as follows: (1) intensive care unit (ICU)
stay<24 hours, (2) transfer to the ICU before sur-
gery or more than one day after surgery and (3)
missing anion gap data (Figure 1).

Data Collection

We used Structured Query Language (SQL)
with PostgreSQL (version 11.13) to extract data
from the MIMIC-IV. Demographic data, comor-
bidities, vital signs, laboratory test results, system
scores, and other variables were collected. Demo-
graphic data included sex, age, race, height, and
weight. Comorbidities included MI, congestive
heart failure (CHF), peripheral vascular disease
(PVD), cerebrovascular disease, chronic pulmo-
nary disease, and so on. Vital signs, including
heart rate, systolic blood pressure (SBP), diastol-
ic blood pressure (DBP), mean blood pressure
(MBP), and body temperature were collected. The
results of laboratory tests, which were performed
within 24 hours of ICU admission, included the
white blood cell (WBC) count, hemoglobin, he-

Patients in MIMIC IV
n= 256878
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5919 patients were
included

Patients did not receive
coronary artery bypass sugery
n=250959
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5348 patients were
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Patients who were transferred
to ICU before surgery or more
than 1 day after surgery
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Y
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included
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,
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Without anion gap data
n=39

Figure 1. Study flowchart of subject screening.
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matocrit, platelet count, sodium, potassium,
AG, international standardized ratio (INR), pro-
thrombin time (PT), and partial thromboplastin
time (PTT). We also extracted the scores from
the Glasgow Coma Scale (GCS), Logistic Organ
Dysfunction System (LODS), Sequential Organ
Failure Assessment (SOFA), and Simplified Acute
Physiological Score II (SAPSII) assessments. The
end point of our study was all-cause mortality at
30 days from the date of admission to the ICU.
All analyses were performed with the statistical
software packages R (http://www.R-project.org,
The R Foundation) and Free Statistics software
version 1.3

Statistical Analysis

Continuous variables are expressed as the
mean + standard deviation (SD) or the median
and interquartile range (IQR), while categori-
cal data are expressed as frequencies and per-
centages. We used the Chi-square test, one-way
analysis of variance (ANOVA), and the Kru-
skal-Wallis’ H test to determine whether there
was a significant difference between two groups.
Cox proportional risk models were conducted to
assess the relationship between the AG and 30-
day mortality in patients, and the results are ex-
pressed as 95% confidence intervals (CIs) of the
hazard ratio (HR). Subgroup analyses were per-
formed using a stratified Cox proportional risk
model with likelihood ratios to test for subgroup
modifications and interactions. All probability
values were two-sided, and statistical signifi-
cance was defined as p-values <0.05.

Results

Patient Characteristics

Patients were divided into three groups based
on the AG, and the baseline characteristics are de-
scribed in Table I. We extracted information for
a total of 5,102 eligible subjects from the MIM-
IC-1V, including information for 3,942 males and
1,160 females. The high AG group (=14 mmol/L)
was more likely to have a history of obesity, MI,
CHF, and renal disease and had a higher WBC
count, creatinine, sodium, potassium, blood glu-
cose, lactate, INR, PT, and PTT than the low AG
group (<12 mmol/L). GCS, SAPSII, LODS, and
SOFA scores were also significantly higher in the
high AG group (AG> 14 mmol/L) than in the low
AG group (AG < 12 mmol/L).
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Outcomes

Patients with a high AG were found to have
higher mortality than those with a low AG (Ta-
ble I1). We used Cox proportional hazard regres-
sion models to determine the relationship be-
tween the AG and 30-day all-cause mortality in
patients who underwent CABG (Table III). With
the low AG (AG < 12 mmol/L) group as a refer-
ence, in model I, after adjusting for age and sex, a
high AG (AG > 14 mmol/L) was significantly as-
sociated with an increased risk of all-cause death
(HR, 95% CT: 10.32, 3.72-28.64). In model II, af-
ter adjusting for confounding factors, including
age, sex, race, MI, CHF, PVD, cerebrovascular
disease, chronic pulmonary disease, renal dis-
ease, heart rate, SBP, DBP, MBP, respiratory rate,
pulse oxygen saturation (SpO,), WBC count, he-
moglobin, hematocrit, platelet count, creatinine,
potassium, glucose, lactate, INR, PT, PTT, urine
output, GCS score, SOFA score, LODS score, and
SAPSII, the high AG group (AG > 14 mmol/L)
still had a higher risk of 30-day mortality than
the low AG group (HR, 95% CI: 3.99, 1.35-11.76).

Subgroup Analyses

The interaction test was statistically signifi-
cant in several subgroups (p < 0.05). As shown
in Table II, higher mortality was observed in the
subgroups of individuals > 70 years and females.

Discussion

The principal finding of this research is that
the serum AG has a strong relationship with
the prognosis of CABG. A higher AG (AG>14
mmol/L) was related to a higher risk of 30-day
mortality in the targeted population. In addition,
the serum AG was positively associated with
SBP, and there was a 0.48 mmHg increase in
SBP with each milliequivalent-per-liter increase
in the serum AG (95% CI: 0.28 to 0.69 mmHg)*.
In healthy persons aged 20-49 years, a high AG
often predicts worse cardiopulmonary fitness and
greater insulin resistance'*!"*. The involvement of
these factors is typically associated with a higher
incidence of cardiovascular events. This predic-
tive effect of the AG was still significant even fol-
lowing adjustment for other factors, such as age,
sex, comorbidities, other laboratory test results,
and clinical system scores in model I and model
II (HR, 95% CI: 10.32, 3.72-28.64, and HR, 95%
CI: 3.99, 1.35-11.76, respectively). Notably, al-
though the mortality difference between the low
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Table I. Baseline characteristics of the study population.

Variables Total <12 =12 and <14 =14 p-value
(n=5,102) (n =1,701) (n = 1,496) (n = 1,905)

Age (years) 68.8 +10.2 68.6+99 68.9+10.3 68.8 £10.5 0.648

Gender, n (%) 0.065
Female 1,160 (22.7) 359 (21.1) 337 (22.5) 464 (24.4)
Male 3,942 (77.3) 1,342 (78.9) 1,159 (77.5) 1,441 (75.6)

Race, n (%) 0.948
0 1393 (27.3) 461 (27.1) 413 (27.6) 519 (27.2)
1 3,709 (72.7) 1,240 (72.9) 1,083 (72.4) 1,386 (72.8)

BMI (kg/m?) 303+£57 299+5.5 30.3+£5.8 30.7+5.9 <0.001

Comorbidities, n (%)
Myocardial infarction 1,968 (38.6) 563 (33.1) 563 (37.6) 842 (44.2) <0.001
Congestive heart failure 1,273 (25.0) 323 (19) 338 (22.6) 612 (32.1) <0.001
Peripheral vascular disease 674 (13.2) 211 (12.4) 210 (14) 253 (13.3) 0.394
Cerebrovascular disease 532 (10.4) 168 (9.9) 156 (10.4) 208 (10.9) 0.593
Chronic pulmonary disease 989 (19.4) 331 (19.5) 294 (19.7) 364 (19.1) 0.919
Renal disease 952 (18.7) 209 (12.3) 261 (17.4) 482 (25.3) <0.001

Vital signs
Heart rate (beats/minute) 82.8+8.8 829+8.4 82.7+8.7 82.9+9.2 0.665
SBP (mmHg) 111.5+73 111.6 £ 6.9 111.9+7.3 111.2+75 0.011
DBP (mmHg) 56.4+6.3 56.7+5.7 56.6 £6.2 56.0+6.8 <0.001
MBP (mmHg) 73.6+5.4 73.7+5.0 73.7+53 73.5+57 0.283
Respiratory rate (times/minute) 17725 174+£2.4 177+24 18.0+2.5 <0.001
SpO, (%) 979+ 1.3 98.0+1.2 978+ 13 979+ 1.5 0.004

Laboratory results
WBC (10°/L) 169+ 7.7 15.8+5.8 16.7+7.2 18.1 £9.3 <0.001
Hemoglobin (g/dL) 11.4+15 11.1£1.3 11.5+1.5 11717 <0.001
Hematocrit (%) 343+43 33.2+37 345+4.1 35.2+4.6 <0.001
Platelet (10°/L) 187.1 £ 60.9 179.3 £ 547 1852+ 56.9 195.5+67.9 <0.001
Creatinine (mEq/L) 1.2+ 1.0 1.0£04 1.1 +0.6 1.5+1.4 <0.001
Potassium (mmol/L) 524.9,57) 5.2(4.9,57) 524.9,57) 534.9,57) 0.121
Sodium (mmol/L) 1392+2.9 1389+2.7 139.4+£27 139.4+£3.1 <0.001
Glucose (mg/dL) 183.0 178.0 181.0 190.0 <0.001

(164.0, 209.0) (162.0, 201.0) (163.0, 207.0) (168.0, 215.0)

Lactate (mmol/L) 29+1.5 2.6+0.9 27+1.1 33+£2.0 <0.001
INR 1.5+04 1.4+£0.2 1.5+0.5 1.5+£04 <0.001
PT (seconds) 16.2+5.0 157+2.0 16.0+£5.0 16.7+6.6 <0.001
PTT (seconds) 40.4+20.3 38.1+16.7 39.5+20.2 431+£229 <0.001
Urine output (ml) 1,933.1 £893.5  2,069.0+888.5 1,9429+848.7 1,803.9+913.8 <0.001
GCS 127+3.9 13.0+£3.7 129+3.8 124441 <0.001
SOFA 57+29 52+24 54+26 6.5+3.3 <0.001
LODS 4.8+27 43+£23 45+£24 54+31 <0.001
SAPSII 38.2+11.9 36.7+10.9 375+ 114 40.1 £12.7 <0.001

BMI, Body Mass Index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; SpO,,
pulse oxygen saturation; WBC, white blood cell; INR, international normalized ratio; PT, prothrombin time; PTT, partial
thromboplastin time; GCS, Glass Score; SOFA, Sequential Organ Failure Assessment; LODS, Logistic Organ dysfunction score
system; SAPSII, Simplified Acute Physiology Score II.

AG group (AG < 12 mmol/L) and the median AG
group (12 mmol/L< AG < 14 mmol/L) was not
significant (HR, 95% CI: 2, 0.62-6.47, p=0.246),

the trend test showed that this AG change was
meaningful for predicting patient outcomes (HR,
95% CI: 2, 1.24-3.21, p=0.004).
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Table Il. Subgroup analysis of the association between 30 days all-cause mortality and AG.

Subgroup n. total n. event (%) HR (95% ClI) p-value
Overall
Crude 5,102 61(1.2) 1.31 (1.26-1.35)
Adjusted 5,102 61(1.2) 1.22 (1.13-1.33)
Age
<70 2,691 25(0.9) 0.9 (0.76-1.07) 0.015
>=70 2,411 36 (1.5) 1.38 (1.2-1.59)
Gender
Female 1,160 24 (2.1) 1.52 (1.27-1.82) <0,001
Male 3,942 37(0.9) 0.99 (0.86-1.13)
Myocardial infarction
No 3,134 23 (0.7) 1.12 (0.91-1.37) 0.416
Yes 1,968 38 (1.9 1.16 (1.02-1.31)
Peripheral vascular disease
No 4,428 36 (0.8) 1.09 (0.97-1.23) 0.823
Yes 674 25(3.7) 1.29 (1.03-1.62)
Cerebrovascular disease
No 4,570 45(1) 1.11 (0.99-1.24) 0.085
Yes 532 16 (3) 1.75 (1.01-3.04)
Creatinine
<1 2,489 11 (0.4) 1 (0.77-1.29) 0.002
>=] 2,613 50 (1.9) 1.09 (0.98-1.22)
PT
<15.6 2,523 11 (0.4) 1.13 (0.79-1.63) 0.974
>=15.6 2,579 50 (1.9) 1.14 (1.02-1.27)
PTT
<33.5 2,524 9(0.4) 0.87 (0.61-1.23) 0.91
>=33.5 2,578 52(2) 1.17 (1.05-1.3)
GCS
<14 1,237 29 (2.3) 1.05 (0.89-1.24) <0,001
>=14 3,865 32(0.8) 1.07 (0.93-1.22)
SAPSII
<36 2,393 7(0.3) 1.4 (0.85-2.3) 0.664
>=36 2,709 54 (2) 1.16 (1.05-1.29

HR, hazard ratio; CI, confidence interval; PT, prothrombin time; PTT, partial thromboplastin time; GCS, Glass Score; SAPSII,
Simplified Acute Physiology Score II.

Table Ill. Relationship between AG and 30 days all-cause mortality in different models.

Variable Crude model Model 1 Model 2
HR (95% Cl) p-value HR (95% Cl) p-value HR (95% CI) p-value

Anion gap (mmol/L) 1.31 (1.26-1.35) <0.001 1.36 (1.3-1.42) <0.001 1.22 (1.13-1.33)  <0.001
Anion gap (tertile) (mmol/L)

<12 1(Ref) 1(Ref) I(Ref)

>12, <14 2.85(0.89-9.08) 0.077 2.79 (0.88-8.9) 0.083 2 (0.62-6.47) 0.246

>14 10.61 (3.82-29.46)  <0.001 10.32 (3.72-28.64)  <0.001 ~ 3.99 (1.35-11.76)  0.012
Trend. Test 3.42 (2.2-5.31) <0.001 3.38 (2.18-5.25) <0.001 2 (1.24-3.21) 0.004

Crude model: no covariates were adjusted. Model I adjusted for: age and gender. Model 11 adjusted for: age, gender, race, BMI,
myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, renal
disease, heart rate, SBP, DBP, MBP, respiratory rate, SpO,, WBC, platelets, creatinine, potassium, glucose, INR, PT, PTT, urine output,
GCS, and SAPSII. HR: hazard ratio; CI: confidence interval; BMI, Body Mass Index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; MBP, mean blood pressure; SpO,, pulse oxygen saturation; WBC, white blood cell; INR, international normalized
ratio; PT, prothrombin time; PTT, partial thromboplastin time; GCS, Glass Score; SAPSII, Simplified Acute Physiology Score II.
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Prior studies® have noted the importance of the
serum AG in death and complications of critical
diseases in the ICU. Gong found that the number
of all-cause deaths increased with the serum AG
at 90 days (HR 1.88, 95% CI 1.04-3.41, p=0.037).
Liu suggested that a high AG is related to increased
risks of short-term mortality (30-day HR 2.45, 95%
CI 1.21-4.97)". However, at one year follow-up, the
predictive ability of a high AG declines (365-day
HR 1.56, 95% CI 0.87-2.78). Such predictive ca-
pability also applies to the cardiovascular system.
Sahu et al® also revealed that the initial AG was
associated with death in acute MI (OR 4.2, 95%
CI 2.3-7.5). Yang et al® found that each milliequiv-
alent-per-liter increase in AG was correlated with a
higher grade of cardiac function (2.1%) and a higher
risk of mortality in CAD (HR 1.069, 95% CI 1.020-
1.121). Our finding that the serum AG predicts poor
outcomes is consistent with the findings of previ-
ous studies'>'°. The kidney is an important organ
for acid excretion. Dehydrogenase dysfunction in
acute kidney injury leads to endogenous acid ac-
cumulation, and the resulting high AG may offset
our conclusion. However, after we adjusted for re-
nal disease in model I, a higher AG still predicted
worse outcomes. In our subgroup analysis, high-
er creatine seemed to indicate a worse prognostic
outcome, but the difference was not statistically
significant (HR 1.09, 95% CI 0.98-1.22). Moreover,
we found that females and elderly individuals were
more likely to develop all-cause mortality within
30 days.

We can only speculate on the mechanism be-
hind this relationship because of the lack of de-
tailed data. In metabolic acidosis, which is the
main predictor of prognosis, the protons could
combine with bicarbonate and contribute to un-
measured anions’. Most metabolic acidosis in
the ICU could be attributable to an increase in
unmeasured anions'. Excessive production of
organic acids or decreased renal excretion, as
occur in lactic acidosis and ketoacidosis, are the
main reasons for an elevated AG". Clinicians can
quickly infer acid-base equilibrium status due to
an elevated AG. Hypotension is a common phe-
nomenon in metabolic acidosis that is mainly
caused by reduced cardiac contraction and resis-
tance to catecholamines®™*. However, the opin-
ion that acidosis directly damages cardiovascular
function has not been demonstrated experimen-
tally’. In addition, studies* have shown that acute
metabolic acidosis, including high-AG metabolic
acidosis, can suppress immune function, making
patients more susceptible to infection.

Limitations

There are several limitations in our study.
First, selection bias was inevitable, as this was a
single-center retrospective observational study.
Second, we collected only the initial AG and,
therefore, did not evaluate dynamic changes in
the AG, which may provide more prognostic in-
formation. In addition, because of missing data,
we did not include serum albumin, which may
influence the AG, in our analyses®. Finally, we
did not reveal the potential mechanism underly-
ing the relationship between the serum AG and
higher mortality in CABG.

Conclusions

In summary, the serum AG can serve as a sim-
ple and easily available means to predict the short-
term prognosis of patients who undergo CABG.
Early discovery of a high serum AG will help raise
awareness about the severity of the disease.
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