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Evaluation of preoperative neutrophil-lymphocyte ratio and
platelet-lymphocyte ratio in patients undergoing major vascular surgery

Majör vasküler cerrahi yapılan hastalarda ameliyat öncesi nötrofil-lenfosit oranı ve 
trombosit-lenfosit oranının değerlendirilmesi
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Amaç: Bu çalışmada majör vasküler cerrahi yapılan 
hastalarda ameliyat öncesi nötrofil-lenfosit oranının 
(NLR) ve trombosit-lenfosit oranının (PLR) prognos-
tik bir rolü olup olmadığı ve sağkalım ile olan ilişkisi 
araştırıldı.

Ça­lış­ma pla­nı: Haziran 2005 ve Aralık 2012 tarihleri 
arasında majör vasküler cerrahi yapılan 838 ardışık hasta 
(593 erkek, 245 kadın; ort. yaş 63 yıl; dağılım 10-99 yıl) 
çalışmaya alındı. Mutlak nötrofil ve trombosit sayısının 
mutlak lenfosit sayısına bölünmesi ile NLR ve PLR 
hesaplandı.

Bulgular: Ortalama mortalite riski NLR ≥5 olan has-
talarda 2.85 (dağılım 1.67-4.87), PLR ≥200 olan hasta-
larda 3.76 (dağılım 2.31-6.12) idi. Diyabet hastalarının 
oranı, NLR ≥5 (%63.7; p=0.000) ve PLR ≥200 olan 
hastalarda (%53.8; p=0.003) anlamlı düzeyde daha 
yüksekti.

So­nuç: Çalışma bulgularımız artmış NLR ve PLR’nin 
ameliyat sonrası mortalite ile doğrudan, sağkalım ile ters 
ilişkili olduğunu ve diyabetli hastaların daha yüksek risk 
altında olduğunu gösterdi.
Anahtar sözcükler: Nötrofil-lenfosit oranı; trombosit-lenfosit 
oranı; vasküler cerrahi.

Background: This study aims to examine whether 
preoperative neutrophil-lymphocyte ratio (NLR) and 
platelet-lymphocyte ratio (PLR) had a preoperative 
prognostic role and its association with survival in patients 
undergoing major vascular surgery.

Methods: Between June 2005 and December 2012, 838 
consecutive patients (593 males, 245 females; mean age 63 
years; range, 10 to 99 years) who underwent major vascular 
surgery in our clinic were included. The NLR and PLR 
were determined by dividing the absolute neutrophil and 
platelet count by the absolute lymphocyte count.

Results: The mean mortality risk was 2.85 (range 1.67-
4.87) in patients with a NLR of ≥5 and 3.76 (range 2.31-
6.12) in patients with a PLR of ≥200. The proportion of 
diabetic patients was significantly higher for patients with 
NLR ≥5 (63.7%; p= 0.000) and PLR ≥200 (%53.8; p= 
0.003).

Conclusion: Our study results showed that increased levels 
of NLR and PLR were directly correlated with mortality 
and inversely correlated with survival in the postoperative 
period and that diabetic patients were under a higher risk.
Key words: Neutrophil-lymphocyte ratio; platelet-lymphocyte 
ratio; vascular surgery.
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The atherosclerotic process of the narrowing and 
hardening of arteries can occur in each artery of the 
human body.[1] There are numerous studies in literature 
that have documented the significance of low-grade 
inflammation in the pathogenesis of atherosclerosis 

and the acute complications associated with it.[2] As 
for the cardiovascular risk, the inflammation involves 
several biological markers.[3,4] Of these, total leukocyte 
count is foremost, and this serves as an indicator of 
cardiovascular events in unselected adults, patients 
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with stable angina, and acute coronary syndromes.[5-9] 
In addition, total leukocyte count is an indicator with 
limitations in that the relationship between leukocytosis 
and patient outcomes is complex and nonlinear.[10,11] 
Moreover, there are several studies that have shown an 
independent association,[12] and this has led to a growing 
interest towards the analysis of white cell subtypes. 
For instance, the neutrophil component of the total 
leukocyte count endows it with a predictive role.[13-15] 
Similarly, a reduction in the lymphocyte count has been 
reported to be associated with a poor prognosis.[11,16,17] 
Compared with the total white blood cell (WBC) 
count or individual white cell subtypes, this value 
may be a better predictor of cardiovascular risk.[18-20] 
The neutrophil-lymphocyte ratio (NLR) provides an 
inexpensive index for systemic inflammation and 
also helps to predict survival after percutaneous 
coronary intervention[19] and coronary artery bypass 
grafting (CABG).[21] In order to effectively modify 
the risk factors and reduce the complications likely to 
occur in the postoperative period, high-risk patients 
need to be identified preoperatively. Furthermore, 
several studies have shown a relationship between the 
elevated peripheral blood platelet count and major 
adverse cardiovascular adverse outcomes.[22-25] On the 
other hand, other studies have determined that a low 
peripheral blood lymphocyte count indicates major 
adverse cardiovascular outcomes.[17,26-28] In our study, 
we examined whether the NLR and the platelet-
lymphocyte ratio (PLR) had a preoperative prognostic 
role in patients undergoing major surgery and attempted 
to determine the effect that these ratios had on their 
survival.

PATIENTS AND METHODS
A total of 838 consecutive patients (593 males, 
245 females; mean age 63 years; range 10 to 99 
years) underwent major vascular surgery at our 
institution between June 2005 and December 2012, 
and their records regarding preoperative age, gender, 
hemoglobin and creatinine levels, white blood cell 
(WBC) lymphocyte, and platelet counts, hypertension, 
type of surgery, and duration of hospitalization are 
stored in our database. However, we excluded the 
clinical evidence of active infection, active cancer 
and hematological proliferative diseases along with 
active or chronic inflammatory or autoimmune 
diseases in our study. All analyses were conducted 
using blood samples obtained immediately before 
surgery. The NLR and PLR were calculated by 
dividing the absolute neutrophil and platelet count by 
the absolute lymphocyte count. In order to categorize 
patients into low- and high-NLR groups, a NLR 

of ≥5 was used since previous studies also used a 
similar cut off value.[29,30] The patients were also 
divided into two groups according to whether their 
PLR was <200 or ≥200. The primary end point was 
all-cause mortality, and cause of death was specified 
as cardiac if this was listed as the primary cause or a 
contributory factor on the death certificate. Our study 
was in compliance with the Declaration of Helsinki, 
and it was approved by the local research ethics 
committee.

Statistical analysis
Normally distributed continuous data was presented 

using mean values (including ± standard deviation). 
Survival rates were calculated utilizing the Kaplan-
Meier method, and comparisons were made using 
the log-rank test. Risk estimations were performed 
using the Cox regression model. In addition, Breslow’s 
generalized Wilcoxon test was employed to determine 
the clinical characteristics of the patients, and a 
chi-square test was then used to compare them with 
regard to the duration of the postoperative hospital 
stays of the patients and the differing quartiles of the 
NLR and PLR (categorical variables). All statistical 
analyses were completed using the SPSS version 16.0 
for Windows (SPSS Inc., Chicago, IL, USA) software 
program.

RESULTS
The patients underwent several major vascular 
procedures, and these are presented in Table 1.

There were 108 patient deaths within 30 days of 
the surgery. We found a significantly higher mean 
mortality risk of 2.85 (range 1.67-4.87) for the patients 
with a NLR of ≥5 and this risk was mean 3.76 (range, 
2.31-6.12) for those with a PLR ≥200. Furthermore, the 
proportion of diabetic patients was significantly higher 
for the patients with an NLR of ≥5 (63.7%; p=0.000) 
and a PLR of ≥200 (53.8%; p=0.003).

Table 1. Surgical procedures

Surgical procedures	 n	 %

Carotid endarterectomy	 94	 11.2
Supra-aortic bypass	 4	 0.5
Abdominal aortic aneurysm repair	 98	 11.7
Aortoiliac/aortofemoral bypass	 24	 2.9
Upper extremity bypass surgery	 21	 2.5
Arterial embolectomy of the upper extremity	 69	 8.2
Lower extremity bypass surgery	 226	 27.0
Arterial embolectomy of the lower extremity	 302	 36.0
Total	 838	 100
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The mean survival time for the patients with an 
NLR of ≥5 (13.5%) was 14.1 months [95% confidence 
interval (CI): 11.6-16.5) while it was 16.9 months for 
those with an NLR of <5 (0.8%) (95% CI: 14.9-18.9) 
(p=0.001) (Figure 1).

Additionally, the mean survival time for the patients 
with a PLR of ≥200 was 12.9 months (16.7%) (95% CI: 
9.9-15.8) and 16.7 months for those with a PLR of <200 
(2.1%) (95% CI: 14.9-18.5) (p= 0.002) (Figure 2).

DISCUSSION
In our study, we examined the preoperative blood 
count of the patients who underwent major surgery and 
discovered that having an NLR of ≥5 or a PLR of ≥200 
increased the mortality rates five- to six-fold and that 
the survival times of these patients were decreased. 
We also showed that both of these parameters were 
significantly higher in the patients with diabetes. 
Bhutta et al.,[29] who conducted one of the two studies 
that used the same cut-off values for the NLR as our 
study, found that the NLR was crucial for predicting 
medium-term mortality and for two-year-survival rates 
that were predicted dependent on diabetes. In another 
recent study, Spark et al.[30] showed that the NLR could 
be used to identify poor-risk patients within a group 
receiving treatment for critical limb ischemia. The 
NPR reflects the balance of the neutrophilia between 
the inflammation and the relative lymphopenia of the 

cortisol-induced stress response. Neutrophilia also 
has the potential to indicate maladaptive processes.[31] 
Additionally, atherogenesis does not represent simply 
passive injury with infiltration of the lipids but an active, 
inflammatory process. Leukocytes play an essential 
role in these inflammatory processes, which may be 
either acute or chronic. Gennari et al.[32] and Dionigi et 
al.[33] revealed that lymphocytopenia that occurs after 
major surgery stems from neuroendocrine stress and 
leads to cortisol production, which ultimately causes 
lymphocytopenia in the peripheral blood. Additionally, 
decreased lymphocytes observed after myocardial 
infarction (MI) have been linked to injuries connected 
with ischemia-reperfusion (IR).[34]

The NLR has been shown to significantly reflect 
the likely outcomes of percutaneous coronary 
intervention (PCI) and CABG.[19,21] In a recent study, 
Chung et al.[35] examined 252 patients who underwent 
thoracic endovascular aneurysm repair (TEVAR) over 
a period of 11 years in order to identify the risk 
factors for late mortality and found that preoperative 
leukocytosis was an independent factor for late 
mortality, regardless of the clinical presentation. 
They also showed that preoperative leukocytosis may 
assist in risk stratification. Neutrophilia springs from 
the demargination of neutrophils, delayed apoptosis, 
and the stimulation of stem cells by growth factors 
[interleukin 6 and granulocyte colony stimulating 
factor (GCSF)]. Neutrophils promote plaque rupture 
as a result of the release of proteolytic enzymes, 
arachidonic acid derivatives, and superoxide radicals. 
Therefore, neutrophilia reflects the exaggerated 

Figure 1. Survival curves for patients with an neutrophil-
lymphocyte ratio of ≥5 and an neutrophil-lymphocyte ratio of <5.
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Figure 2. Survival curves for patients with a platelet-lymphocyte 
ratio of ≥200 and a platelet-lymphocyte ratio of <200.
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inflammatory condition observed in atherosclerotic 
patients and is also associated with the cells involved 
in atherosclerotic plaque instability. Ischemic 
conditions lead to increased vasculogenesis, and this 
subsequently implies a chronic adaptation process with 
neutrophilia. In a study conducted by Haumer et al.,[36] 
they argued that altered endothelial cells promote 
the activation of neutrophils, which accelerates the 
build up of either microvascular or macrovascular 
occlusive plugs. Previous studies have also shown a 
relationship between the high values of peripheral 
thrombocytes and cardiovascular diseases.[9,23,37] In 
spite of this, Mueller et al.[37] were not able to prove an 
association between platelet counts and mortality in 
patients with acute coronary syndrome (ACS). In our 
study, we found an inverse correlation between high 
PLRs and survival times. Higher platelet counts may 
indicate an underlying inflammation because there 
are several inflammatory mediators which stimulate 
megakaryocytic proliferation and produce relative 
thrombocytosis. Furthermore, other studies have shown 
that patients with coronary artery diseases (CADs) 
have high levels of platelet monocyte aggregates in 
their bloodstream, which is correlated with plaque 
stability.[38]

Diabetic patients run a higher risk of having 
diffuse disease microvascular dysfunction. Lee et 
al.[39] determined that a high NLR was an independent 
predictive factor for major adverse cardiac events in 
post-MI diabetic patients and that the NLR was also 
an important predictor of macrovascular disease in 
diabetic patients in general. We also found significantly 
higher NLRs and PLRs in diabetic patients compared 
with those without this disease. It is well known that 
several metabolic and immunological changes occur 
in diabetic patients, which may be due to the different 
roles that neutrophils and lymphocytes have in the 
inflammatory response in diabetic patients. Several 
mechanisms, including increased levels of plasma, 
cortisol, leptin, and insulin, contribute to neutrophilia 
in diabetic patients. Other factors which may also play 
a part are advanced glycation end products, oxygen 
free radicals, and other cytokines, all of which possibly 
aid in the priming of neutrophils. In addition, the 
activated neutrophils secrete numerous inflammatory 
mediators which contribute to the increased levels of 
oxidative stress (OS), inflammation, necrosis with the 
resultant worsening prothrombotic states, endothelial 
dysfunction, plaque rupture, and infarct size.[40]

Conclusion

Determining the preoperative NLR and PLR can 
be done via easy, inexpensive tests. In this study, we 

showed that increased levels of these two parameters 
were directly correlated with mortality and inversely 
correlated with survival in the postoperative period. 
Furthermore, we identified that patients with diabetes 
were at a higher risk because of higher levels of PLR 
and NLR, which resulted in higher mortality and 
decreased survival in the postoperative period. It is 
our hope that these results may contribute toward the 
risk analysis of patients who undergo major vascular 
surgery.
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