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The relationship of lactic acid, neutrophil
lymphocyte ratio and monocyte lymphocyte ratio
with the outcomes of coronary arterial disease
patients following coronary artery bypass surgery
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ABSTRACT
Background: Coronary artery bypass surgery (CABG) is a surgical
procedure for coronary arterial disease (CAD). It has a risk of
postoperative complication, extending from a long length of stay in
the intensive care unit (ICU) to death. CABG needs a long duration
of perioperative time, which decreases tissue oxygenation. It
causes increased lactic acid production and initiates the secretion
of inflammatory factors. Neutrophil/lymphocyte ratio (NLR) and
monocyte/lymphocyte ratio (MLR) become inflammatory signs that
are caused by the failure of heart microcirculation during the operative
procedure. This study aimed to determine the relationship of lactic
acid, NLR and MLR with the outcomes of CAD patients following CABG
surgery.
Methods: This was a prospective study including 42 CAD patients
who had undergone CABG procedure at Dr. Kariadi Hospital Semarang

between December 2017 and July 2018. Lactic acid data were taken
using the spectrophotometer method. NLR and MLR were taken by the
calculation index. The outcomes data were ICU length of stay (LoS),
complications, and death, which were obtained from the medical
record. The data were analyzed using bivariate analysis.
Results: There was a significant correlation between lactic acid with
ICU LoS (p = 0.001), complication (p = 0.01), and mortality (p =
0.044). There was a significant correlation between NLR with ICU LoS
(p = 0.003), complication (p = 0.009), and mortality (p = 0.014).
There was a significant correlation between MLR with ICU LoS (p =
0.02), complication (p = 0.027), and mortality (p = 0.017).
Conclusion: There was a significant correlation between lactic acid,
NLR dan MLR with the outcomes of CAD patients (ICU LoS, complication
and mortality) that have undergone CABG procedure.
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BACKGROUND
Coronary Arterial Disease (CAD) is a major health
problem in both developed and developing countries. Based on the World Health Organization
(WHO) data, heart disease is the number one cause
of death in the world. It is estimated that in 2030,
about 23.6 million people in the world will die
because of cardiovascular disease.1,2
Coronary Artery Bypass Surgery (CABG) is
surgical procedure for CAD by creating new bypass
channels around the narrowed or blocked arteries.
Blood vessels that are often used are the internal
mammary artery, radial artery, and the saphena
magna vein.3,4 Various risks are associated with
CABG, from postoperative complications to death.
Complications after CABG that often occur include
arrhythmia (30%), acute myocardial infarction
(1% - 5%), heart failure (4% - 9%), stroke (2% 4%) and other complications such as hemothorax,
pneumothorax and postoperative wound infections
(1%). Coumbe et al. stated that post-cardiac surgery
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death rate was 2.6%.5 Increased complications after
cardiac surgery resulted in increased ICU length
of stay, and caused variations in healing time from
each cardiac surgery and the worst is death.6,7
The level of lactic acid should be a concern for
cardiac surgery patients. High blood lactic acid
levels are associated with poor outcomes. Anderson
et al. found that blood lactic acid levels were the
earliest known predictors of mortality at the time
of measurement as early as 12 hours after intensive
treatment.7 Blood lactic acid levels > 4 mmol / L
at 12 hours after admission to intensive care had
a positive predictive value for increased mortality.
Hyperlactatemia during cardiac surgery is associated with low tissue oxygenation.7,8
Neutrophil/lymphocyte ratio (NLR) is an
inflammatory marker that is inexpensive and easy
to examine, yet it is still rarely studied in cardiac
surgery patients, especially those who undergo
CABG. Dragu et al. found an increase in the total
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number of leukocytes, neutrophils and monocytes
and a decrease in lymphocyte count was associated
with the outcome of CAD.9 NLR is known as a sign
of an inflammatory response, especially in cardiovascular disease.10,11 NLR has been studied as a
screening tool for the risk of death and the prognosis for malignancy and pulmonary heart surgery.11,12
Some studies link monocytes with cardiovascular disease. Monocyte lymphocyte ratio (MLR)
is a risk factor for cardiovascular disease and a
predictor of the severity of cardiovascular lesions.
MLR with a cut-off point of 0.18 has a sensitivity
of 69.03% and a specificity of 64.81% in detecting
cardiovascular disease. Gibson et al. reported that
low lymphocytes were associated with an increased
risk of myocardial infarction and death through an
analysis of 1030 patients.10 Xiang et al. stated that
increasing MLR was a predictor of outcome in
cardiovascular disease.13
Table 1 Characteristic of the subjects
Variable

N

%

Age (years)

Mean ± SD

Median
(min – max)

58.60 ± 8.63

61 (41 – 70)

Sex
Male

34

81.0

Female

8

19.0

Lactic acid (mmol/L)

3.97 ± 0.86

3.95 (1.7 – 5.69)

NLR

5.50 ± 2.44

5.13 (2.68 – 12.71)

MLR

0.14 ± 0.07

0.125 (0.05 – 0.36)

ICU length of stay (days)

4.40 ± 3.19

3 (3 – 18)

Complications
Yes

22

52.4

No

20

47.6

Death
Yes

3

7.1

No

39

92.9

Table 2 Post CABG complications

No previous studies have investigated the link
between lactic acid, NLR and MLR with CAD
patient outcome following CABG. Therefore, this
study aimed to determine the relationship of lactic
acid, NLR and MLR with the outcome of CAD
patients following CABG surgery.

METHODS
This was a prospective study conducted from
December 2017 to July 2018 at Dr. Kariadi General
Hospital Semarang. This study involved 42 patients,
which consisted of 34 men and eight women who
met the inclusion criteria. The inclusion criteria
were men and women aged 30 – 80 years who
suffered from CAD and underwent CABG surgery.
Patients with comorbidities such as malignancy
and hematological abnormalities were excluded
from this study. Ethical clearance was obtained
from the Institution of Ethics for Medical and
Health Research, Faculty of Medicine, Diponegoro
University, Semarang.
The examination of lactic acid was performed
using the spectrophotometer method. NLR and
MLR were obtained from index/calculations based
on absolute neutrophil, lymphocyte and monocyte
data using an automatic hematology analyzer. The
measured outcomes in this study were ICU length
of stay, postoperative complications including
atrial fibrillation, ventricular fibrillation, sinus
tachycardia, AV block, non-hemorrhagic stroke,
angina pectoris, and postoperative wound pain,
and mortality.
Patient characteristics data were presented
descriptively using tables. Data normality was tested
using the Shapiro-Wilk test because the sample size
was less than 50. The Spearman correlation test
and Mann Whitney test were used to determine
the correlation and the difference between variables when the data were not normally distributed.
The independent t-test was used to determine
the difference between variables when the data
were normally distributed. Statistical analysis was
processed using a computer program. Significant
p-value was defined as < 0.05 at 95% of confidence
interval.

Complications

N

Percentage

Atrial fibrilation

4

0.40%

Ventricle fibrilation

6

0.10%

Sinus tachycardia

2

0.04%

RESULTS

AV block

1

0.02%

Non-hemorrhagic stroke

1

0.02%

Angina pectoris

1

0.02%

Postoperative wound pain

3

0.07%

Characteristics of the samples can be seen in
Table 1. The subjects consisted of 34 men (81%) and
eight women (19%) who were aged 41 to 70 years.
As shown in Table 2, 22 subjects experienced postoperative complications.
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Table 3 C
 orrelation between lactic acid, NLR and MLR with ICU
length of stay
ICU length of stay
Variable

p¶

r

Note

Lactic acid

0.001*

0.642

Significant, positive, strong

NLR

0.003*

0.453

Significant, positive, moderate

0.020*

0.359

Significant, positive, moderate

MLR

* Significant; Spearman’s correlation test
¶

Table 4 The difference based on complication
Variables

Complication

P

Yes

No

4.28 ± 0.91

3.62 ± 0.67

0.010§*

NLR

5.89 (3.17 – 12.71)

4.22 (2.68 – 9.7)

0.009‡*

MLR

0.16 (0.07 – 0.36)

0.11 (0.05 – 0.20)

0.027‡*

Lactic acid

Figure 2 
Correlation between NLR with ICU
length of stay

* Significant; § Independent t; ‡ Mann Whitney

Table 5 The difference based on mortality
Death
Variables

Yes

No

P

Lactic acid

4.93 ± 0.19

3.89 ± 0.85

0.044§*

NLR

11.12 (6.46 – 12.71)

4.76 (2.68 – 11.12)

0.014‡*

MLR

0.25 (0.21 – 0.36)

0.12 (0.05 – 0.28)

0.017‡*

* Significant; § Independent t; ‡ Mann Whitney

Figure 3 
Correlation between MLR with ICU
length of stay

DISCUSSION

Figure 1 
Correlation between lactic acid with
ICU length of stay
The result of the analysis showed a significant
relationship between lactic acid and ICU length
of stay (p = 0.001), with a correlation value of
0.642.
The result of the analysis showed that there was
a significant relationship between NLR and ICU
length of stay (p = 0.003), with a correlation value
of 0.453.
The result of the analysis showed that there was
a significant relationship between MLR and ICU
length of stay (p = 0.020), with a correlation value
of 0.359.
Published by DiscoverSys | Bali Med J 2019; 8(2): 363-367 | doi: 10.15562/bmj.v8i2.1422

The subjects consisted of 34 men (81%) and eight
women (19%) who were aged 41 to 70 years.
Forty-one subjects (97.61%) in this study experienced increased levels of lactate, and one subject
(2.38%) had a normal level, with reference values
of lactic acid ranging from 0.44 – 2.0 mmol/L.
This study found one patient with normal levels
of lactic acid; this patient was the youngest among
all subjects, where being older is more prone to
hypoxia.7 According to Soe J et al., the mean NLR
of all ages was 1.63 (0.76), while the mean MLR
was 0.13 (0.68).14 In this study, the mean NLR was
5.50 ± 2.44 and mean MLR was 0.14 ± 0.07, so it can
be concluded that the NLR and MLR in this study
were higher than in healthy subjects. The increase
in NLR and MLR was associated with the presence
of postoperative tissue inflammation.15 The mean
ICU length of stay in this study was 4.40 ± 3.19.
The treatment of postoperative patients in the ICU
varies depending on whether there are complications or not. According to a study by Almashrafi
et al., which included 280 patients, 184 (65.7%)
subjects in who were in the ICU for ≤ 96 hours
and 96 (34.3%) subjects who stayed in the ICU for
> 96 hours were affected by complications.16
365
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In this study, 22 subjects experienced complications; the most common was ventricular fibrillation, which was experienced by six patients (0.1%).
Mikhael et al. reported that ventricular fibrillation
complication in cardiopulmonary bypass procedure could occur in 1-3% of elderly patients.17 In
this study, we found three subjects (7.1%) who
died. Alberto et al. stated that of 1,628 patients who
underwent CABG, 141 (8.7%) died.18 It was stated
that the risk factors for post-CABG death were age
and duration of surgery.18
The results of the analysis showed a significant
relationship between lactic acid and ICU length of
stay (p = 0.001) with a correlation value of 0.642,
indicating a strong correlation. Lactic acid levels
in subjects with complications (4.28 ± 0.91) were
higher than in subjects with no complications
(3.62 ± 0.67) and were significantly different (p =
0.010). Also, we found that the levels of lactic
acid in subjects who died postoperatively (4.93 ±
0.19) were higher than those who did not (3.89 ±
0.85) and were significantly different (p = 0.044).
This is consistent with Anderson et al. who stated
that blood lactic acid levels were the predictors of
postoperative cardiac surgery at the time of early
measurement 12 hours after the admission to intensive care.7 Hyperlactatemia during cardiopulmonary bypass (CPB) procedures was associated with
low tissue oxygenation.8 Abraham et al. found that
lactate concentrations were higher in patients who
died than those who lived.12
The results of the analysis showed that there was
a significant relationship between NLR and ICU
length of stay (p = 0.003) with a correlation value
of 0.453. The mean NLR in subjects with complication [5.89 (3.17-12.71)] was higher than subjects
with no complications [4.22 (2.68 - 9.7)], and the
difference was statistically significant (p = 0.010).
Additionally, we found that the mean NLR in the
subjects who died postoperatively [11.12 (6.46 12.71)] was significantly higher than subjects who
did not die postoperatively [4.76 (2.68 - 11.12)] (p =
0.014). According to Gibson et al., there was a relationship between increased NLR and inflammatory
response and oxidative stress after cardiac surgery.10
Research by Dragu et al. found an increase in
total leukocytes, neutrophils, and monocytes
and decreased lymphocyte count associated with
outcome in CAD.9
The results of the analysis in this study showed
that there was a significant relationship between
MLR and ICU length of stay (p = 0.020) with a
correlation value of 0.359. The MLR mean for
subjects with complication [0.16 (0.07 - 0.36)]
was significantly higher than subjects with no
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complications [0.11 (0.05 - 0.20)] (p = 0.027). Also,
we found that the MLR mean in subjects who died
postoperatively [0.25 (0.21 - 0.36)] was significantly
higher than who did not die postoperatively [0.12
(0.05 - 0.28)]. MLR value is obtained from the
number of monocytes divided by the number of
lymphocytes. Decreased lymphocytes illustrate of
the failure of the cardiac microcirculation in the
pathogenesis of cardiovascular disease. The high
level of monocytes is confirmed as an independent
indicator of the risk for cardiovascular disease.11
Xiang et al. stated that an increase in MLR is a
predictor of outcome in cardiovascular disease.13

CONCLUSION
There is a significant relationship between lactic
acid levels and ICU length of stay, complications,
and death in CABG patients. There was a significant relationship between NLR and ICU length of
stay, complications, and death in CABG patients.
There was a significant relationship between MLR
and ICU length of stay, complications, and death in
CABG patients.
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