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The effect of neutrophil-lymphocyte ratio on the postoperative course of coronary artery
bypass graft surgery
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Background/aim: Recovery after coronary artery bypass graft surgery (CABG) can be complicated, leading to postoperative morbidity.
The roles of hematologic and surgery-related parameters are important. The main purpose of this study is to determine the role of
preoperative and postcardiopulmonary bypass neutrophil/lymphocyte ratio (NLR) on postoperative recovery.
Materials and methods: Sixty-two patients aged between 41 and 80 years, scheduled for elective CABG surgery with ASA I–II risk
and without a history of preoperative blood transfusion, were included in the study. Three patients were excluded due to their need
for additional surgical procedures other than CABG. The patients were divided into two groups that were formed depending on
preoperative NLR cut-off values below (Group 1, n = 37) and above 4 (Group 2, n = 22). Postoperative data such as length of stay in the
hospital and in the intensive care unit (ICU), chest tube drainage, and incidence of atrial fibrillation were recorded for all patients.
Results: Preoperative NLR was significantly lower in Group 1 (P < 0.0001), and there was no significant difference between the groups in
terms of postoperative NLR (P = 0.217) when the two groups were compared. The patients in Group 2 had a longer length of stay in the
ICU (P = 0.035) and in the hospital (P = 0.034). There was a positive correlation between preoperative NLR and length of stay in the ICU
(P = 0.017) and the hospital (P = 0.014). No statistically significant differences in postoperative drainage or incidence of postoperative
atrial fibrillation were detected between the two groups.
Conclusion: The results of our study demonstrate that the postoperative NLR may be useful to predict the length of hospital and ICU
stays and help the management of follow-up and treatment processes in patients undergoing CABG surgery.
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1. Introduction
Atherosclerosis and related complications are the most
common cause of death worldwide. Coronary artery
disease is one of the most important atherosclerotic
vascular diseases. Coronary artery bypass grafting
(CABG) is currently one of the most frequent surgical
procedures performed with low periprocedural mortality
rates. The morbidity associated with CABG is relatively
high, however, with over a third of CABG procedures
involving complications (1). Some of these complications
may be attributed to inflammatory changes that occur
during extracorporeal circulation (2). The changes that
occur during the extracorporeal circulation of blood
must be well known and the unknown aspects need to be
investigated in detail (3).

Blood cells, plasma proteins, the complement system,
and cytokines have effects on each other while these
inflammatory changes occur. Contact with external surfaces
activates the contact activation pathway. Kallikrein, one of
the major components of this system, activates neutrophils.
Activated neutrophils may cause inflammatory damage to
organs and tissues by chemotactic stimulus. Also, cytokines
and oxygen radicals released from neutrophils’ granules
may cause systemic inflammatory response characterized
by symptoms such as hypotension, fever, and tachycardia/
bradycardia. Monocytes and lymphocytes particularly
cause strong inflammatory responses after making
contact with external surfaces during cardiopulmonary
bypass. These cytokines and some vasoactive substances
cause hypotension and increased vascular permeability,
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which leads to an increase in the effect of inflammation.
Activation of these systems also activates certain steps
of coagulation and anticoagulation cascade. Secondary
organ damage during these processes affects the general
performance of the patient, healing time, and short- and
long-term postoperative results (4).
The neutrophil/lymphocyte ratio (NLR) is a simple
parameter that is related to systemic inflammation and
was first used by cardiologists to determine mortality risk
after major cardiac events (5). NLR has also been used as
an important prognostic criterion in some malignancies
such as breast, kidney, esophagus, and lung cancers and as
a responsive criterion for treatments of some diseases such
as acute appendicitis and diabetes mellitus (6).
There are many studies that used NLR as an indicator of
the inflammatory response, though there are not enough
data about the effect of preoperative NLR on outcomes of
CABG. The aim of this study is to determine the effect of
preoperative NLR on the postoperative course of CABG
surgery.
2. Materials and methods
This randomized prospective study was conducted with the
approval of the Local Ethics Committee of Gazi University.
Sixty-two patients aged between 41 and 80 years, scheduled
for elective CABG surgery with ASA I–II risk and without
a history of preoperative blood transfusion, were included
in the study. Three patients were excluded due to their
need for additional surgical procedures other than CABG.
Two groups were formed based on NLR (cut-off value =
4) according to preoperative complete blood count results.
Patients who had NLR lower than 4 formed Group 1 and
those with NLR higher than 4 formed Group 2. Routine
anesthetic procedures were performed depending on
patients’ clinical status. NLR values of routine blood
samples taken after cardiopulmonary bypass were
recorded. Postoperative data such as hospitalization and
ICU stay times, chest tube drainage, and incidence of atrial
fibrillation were recorded for all patients.
2.1. Administration of anesthesia
Patients were premedicated with 0.1 mg/kg subcutaneous
morphine. Under standard ECG, with noninvasive blood
pressure and SpO2 monitorization, 1 mg/kg IV lidocaine
was given, followed by 3 mg/kg sodium thiopental and
0.6 mg/kg rocuronium. After invasive monitorization of
arterial (radial) blood pressure, thiopental was completed
to 5–7 mg/kg depending on blood pressure, and 1 µg/
kg remifentanil infusion was given per minute before
endotracheal intubation. For the maintenance of anesthesia,
1 MAC isoflurane in a 40% O2/air mixture and 0.1–0.5 µg/
kg IV remifentanil infusion was given. In addition, 0.15
mg/kg rocuronium was given every 45 min. Ventilation

parameters were 8 mg/kg tidal volume, 12 breaths/min,
and 5 cm/H2O PEEP. After intubation, a central venous
catheter was inserted via the right internal jugular vein
and a Foley catheter was inserted for measurement of
urine output. Depending on hemodynamic parameters,
dopamine, noradrenaline, and milrinone infusions were
given. After surgery, patients were transferred to the ICU
intubated with inotrope support. After 3–4 h, patients
were extubated when they were hemodynamically and
surgically stabile.
2.2. Statistical analysis
Statistical analysis data are presented as [mean ± standard
deviation, median (min–max), n (%)]. In all calculations,
the level of significance was accepted as P < 0.05. Using
the Kolmogorov–Smirnov test, measured parameters
were evaluated as to whether the distribution was normal
or abnormal. In groups showing normal distribution,
independent groups were evaluated to determine if
there was a significant difference by using the Student
t-test. In groups showing abnormal distribution, the
Mann–Whitney U test was used. The correlation between
hospitalization time and ICU stay time was evaluated by
using the Pearson correlation test.
3. Results
Demographical data of the patients were similar (Table 1).
Preoperative NLR was significantly lower in Group
1 (2.3 in Group 1 and 5.8 in Group 2) (P < 0.0001).
Postoperative NLR was similar between the groups (P =
0.217) (Table 2).
Length of stay in the ICU was significantly longer in
Group 2 (P = 0.035). Similarly, length of hospital stay was
also significantly longer in Group 2 (P = 0.034) (Table 2).
No statistically significant differences in postoperative
drainage or incidence of postoperative atrial fibrillation
were detected between the two groups. Postoperative
drainage was 507.35 ± 182.85 mL in Group 1 and 614.95 ±
315.46 mL in Group 2. Four patients in Group 1 (10.8%)
and 3 patients in Group 2 (13.6%) developed atrial
fibrillation in the postoperative period (Table 2).
Preoperative and postoperative white blood cell
count values were significantly higher in Group 2 when
compared with Group 1 (P < 0.0001, P = 0.001). Duration
of postoperative ventilation was 375.00 ± 59.34 min in
Group 1 and 544.62 ± 219.11 min in Group 2 and it was
found to be significantly higher in Group 2 (P < 0.0001).
Postoperative need for inotropic drugs was significantly
higher in Group 1 compared to Group 2 (P = 0.019) (Table
3).
A positive correlation was detected between
preoperative NLR and both hospitalization time (r =
0.227, P = 0.014) and ICU stay time (r = 0.220, P = 0.014)
(Table 4).
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Table 1. Preoperative characteristics of the patients (mean ± SD, median
(minimum–maximum), n (%))
Group 1 (n = 37)

Group 2 (n = 22)

P-value

Age (years)

60.5 ± 8.1

62.9 ± 8.9

0.149

Sex (male/female)

22/15

15/7

0.099

Number of grafts

3 (1–5)

3 (1–5)

0.219

Hypertension

34 (91.9)

22 (100)

0.448

Diabetes mellitus

15 (40.5)

8 (36.4)

0.750

COPD

12 (32.4)

4 (18.2)

0.234

Hyperlipidemia

19 (51.4)

8 (36.4)

0.264

SD, Standard deviation; COPD, chronic obstructive pulmonary disease.

Table 2. Operative and postoperative data (mean ± SD, n).
Group 1 (n = 37)

Group 2 (n = 22)

P-value

Preoperative NLR

2.3 ± 0.9

5.8 ± 1.0*

<0.0001

Postoperative NLR

10.4 ± 6.4

12.2 ± 8.5

0.217

CBP time (h)

1.8 ± 0.5

1.6 ± 0.5

0.117

Cross-clamp time (min)

67.04 ± 20.78

64.62 ± 20.60

0.733

ICU stay (days)

3.0 ± 1.3

4.5 ± 6.3*

0.035

Hospital stay (days)

7.7 ± 1.8

12.2 ± 18.4

0.034

Postoperative drainage (mL)

507.35 ± 182.85

614.95 ± 315.46

0.076

Postoperative cardiac rhythm (NSR/atrial fibrillation)

33/4

19/3

0.525

*P < 0.05 compared to Group 1; SD, standard deviation; NLR, neutrophil/lymphocyte ratio; CPB, cardiopulmonary
bypass; ICU, intensive care unit; NSR, normal sinus rhythm.

Table 3. Preoperative and postoperative data (mean ± SD, n).
Group 1 (n = 37)

Group 2 (n = 22)

P-value

Preoperative WBC count (/µL)

7746.62 ± 1684.35

11,373.75 ± 3756.92*

<0.0001

Postoperative WBC count (/µL)

10,521.15 ± 2368.28

14,383.75 ± 4520.20*

0.001

Preoperative Plt count (/µL)

244,923.08 ± 74,608.94

221,000.00 ± 80,970.20

0.236

Postoperative Plt count (/µL)

139,923.07 ± 33,436.02

141,750.00 ± 44,287.84

0.853

Preoperative SpO2

94.92 ± 1.61

94.38 ± 3.01

0.351

Postoperative SpO2

95.38 ± 3.54

96.87 ± 1.39

0.054

Ejection fraction (%)

53.58 ± 8.21

56.75 ± 5.99

0.087

Duration of postoperative ventilation (min)

375.00 ± 59.34

544.62 ± 219.11*

<0.0001

Urine output (mL)

2385.38 ± 655.56

2597.50±843.11

0.268

Postoperative need for inotropic drugs (n)

27

9*

0.019

*P < 0.05 compared to Group 1; SD, standard deviation; WBC, white blood cell; Plt, platelet; SpO2, partial oxygen
saturation.
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Table 4. Correlation data between preoperative NLR and length
of stay in hospital and ICU.
r

P

ICU stay

0.220

0.017

Hospital stay

0.227

0.014

NLR, Neutrophil-lymphocyte ratio; ICU, intensive care unit.

4. Discussion
A number of studies have demonstrated the importance
of NLR in treatment of coronary artery disease and the
follow-up process after cardiac surgery. The effects of
blood cells and mediators released from these cells to other
body cells and certain body systems are being researched
in detail (7–9). Aldemir et al. studied the changes of NLR
in patients undergoing on-pump and off-pump CABG
surgery (10). They stated that the influence of on-pump
versus off-pump CABG surgery on changes in leukocyte
counts after surgery was shown to be more prominent in
the early stages after surgery. In another study, acute kidney
damage risk after pump-requiring surgeries (CABG, valve
replacement, ascending aorta replacement, etc.) was found
related to increased postoperative NLR (5). Another
study showed that there is a positive correlation between
increased postoperative NLR and increased mortality rate
in patients undergoing CABG above 45 years old (11). A
different study implied that there is a significant relation
between postoperative decreased saphenous vein graft
patency and increased NLR, in addition to the necessity
of evaluating other parameters while calculating risk of
decreased patency (12).
In a study that evaluated long-term mortality, it was
shown that increased NLR means increased short-term
complications and increased long-term mortality. This
study also recommended adding the NLR to the charts
of risk scoring before cardiac surgery (13). A broadly

based metaanalysis revealed that the increase of NLR after
surgery may predict the risk of new-onset atrial fibrillation
(14). Another study also showed the relation between
increased NLR and atrial fibrillation after surgery (15).
A study of patients who had Stanford A type acute
aortic dissection claimed that increased NLR is useful to
predict short-term mortality along with other parameters
(16). In a study evaluating patients with endocarditis,
it was shown that increased NLR alone directly affects
the symptoms of endocarditis and is a good predictor of
prognosis (17). In a study of peripheral arterial diseases
and cardiac diseases, it was found that increased NLR
is a risk factor for long-term cardiovascular mortality
in patients with peripheral arterial disease (18). One
study found that the development of postpericardiotomy
syndrome, an autoimmune reaction that can be seen in
about 10%–40% of patients after cardiac surgery, can be
predicted by measuring the postoperative NLR (19).
In a broadly based retrospective study including 444
patients it was shown that preoperative NLR is a predictor
of saphenous vein graft patency in patients after CABG
(20). Another study of 1938 patients found that increased
preoperative NLR increased the risk of mortality after
CABG and this prognostic utility was independent
of the well-recognized individual risk factors and the
EuroSCORE (21).
In our study, we have found a positive correlation
between the preoperative NLR and the ICU (P = 0.017)
and hospital stays (P = 0.014) after CABG surgery.
Increased NLR is an important sign of onset and increase
of inflammation. The results of our study demonstrate that
the postoperative NLR may be useful to predict the length
of hospital and ICU stays and help in the management of
follow-up and treatment processes in patients undergoing
CABG surgery. The increase in the postoperative NLR
value when compared with the preoperative NLR may
be the very first sign of many factors that could affect the
recovery process.
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