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Preoperative neutrophil to lymphocyte
ratio and platelet to lymphocyte ratio are
associated with major adverse
cardiovascular and cerebrovascular events
in coronary heart disease patients
undergoing non-cardiac surgery
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Abstract

Background: Preoperative risk prediction in patients at elevated cardiovascular risk shows limited accuracy. Platelet
to lymphocyte ratio (PLR) and neutrophil to lymphocyte ratio (NLR) indicate systemic inflammation. Both have been
investigated for outcome prediction in the field of oncology and cardiovascular medicine, as well as risk prediction
of adverse cardiovascular events in non-surgical patients at increased cardiovascular risk.

Methods: For this post-hoc analysis, we included all 38 coronary heart disease patients from the Leukocytes and
Cardiovascular Perioperative Events cohort-1 study scheduled for elective non-cardiac surgery. We evaluated
preoperative differential blood counts for association with major adverse cardiovascular and cerebrovascular events
(MACCE) defined as the composite endpoint of death, myocardial ischemia, myocardial infarction, myocardial injury
after non-cardiac surgery, or embolic or thrombotic stroke within 30 days after surgery. We used Youden’s index to
calculate cut-off values for PLR and NLR. Additive risk-predictive values were assessed using receiver operating
characteristic curve and net reclassification (NRI) improvement analyses.

Results: Patients with the composite endpoint MACCE had higher PLR and NLR (309 [206; 380] vs. 160 [132; 203],
p = 0.001; 4.9 [3.5; 8.1] vs. 2.6 [2.2; 3.4]), p = 0.001). Calculated cut-offs for PLR > 204.4 and NLR > 3.1 were associated
with increased risk of 30-day MACCE (OR 7, 95% CI [1.2; 44.7], p = 0.034; OR 36, 95% CI [1.8; 686.6], p = 0.001).
Furthermore, NLR improved risk prediction in coronary heart disease patients undergoing non-cardiac surgery when
combined with hs-cTnT or NT-proBNP (NRI total = 0.23, p = 0.008, NRI total = 0.26, p = 0.005).
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Conclusions: Both PLR and NLR were associated with perioperative cardiovascular adverse events in coronary heart
disease patients. NLR proved to be of additional value for preoperative risk stratification. Both PLR and NLR could
be used as inexpensive and broadly available tools for perioperative risk assessment.

Trial registration: NCT02874508, August 22, 2016.

Keywords: Coronary heart disease, Perioperative care, Blood cell count, Platelet to lymphocyte ratio, Neutrophil to
lymphocyte ratio

Background
Indices between cell populations from differential blood
count (DBC), which is often routinely performed in the
clinical setting, are a valuable option to gain further in-
formation on systemic inflammation and have been of
interest within different fields of medical research. Risk
prediction by the neutrophil to lymphocyte ratio (NLR)
and platelet to lymphocyte ratio (PLR) was initially stud-
ied in the field of oncology [1, 2], followed by a vast
amount of studies on the predictive value of NLR and
PLR in cardiovascular medicine [3–5] and in a general
population over the age of 45 [6].
In recent years, investigators have also focused on the

perioperative period as well. Both indices are associated
with postoperative acute kidney injury [7, 8]. Elevated
preoperative NLR is associated with mortality and ad-
verse outcome after cardiovascular surgery [9, 10], as
well as with myocardial injury after non-cardiac surgery
[11, 12] and lower long-term remission of type 2 dia-
betes after metabolic surgery [13]. PLR is associated with
all-cause complications after abdominal aortic aneurysm
repair [14].
However, there is only limited data on the predictive

value for cardiovascular events in the large group on
non-cardiac surgery patients. First, it is unknown
whether elevated PLR is associated with cardiovascular
adverse events in non-cardiac surgery patients. Second,
neither NLR nor PLR have been evaluated in coronary
heart disease-patients undergoing non-cardiac surgery
who face higher rates of perioperative cardiovascular
complications with challenging and inferior risk predic-
tion [15–18]. Third,it is unknown if NLR or PLR have
additive value for biomarker based preoperative predic-
tion of perioperative cardiovascular events.
Therefore, in this post-hoc analysis, we investigated if

preoperative cell subset counts from a conventional
DBC, as well as PLR or NLR, are associated with the
composite endpoint major adverse cardiovascular and
cerebrovascular events (MACCE) within the first 30
postoperative days in coronary heart disease patients
undergoing non-cardiac surgery. In addition, we tested
the additive value for prediction of cardiovascular events
in coronary heart disease patients undergoing non-

cardiac surgery when conventional risk-prediction is
complemented by NLR and PLR.

Methods
Study population
Data from the Leukocytes and Cardiovascular Periopera-
tive Events cohort-1 (LeukoCAPE-1) study were used to
conduct a post-hoc analysis. LeukoCAPE-1 was a single-
centre, prospective, observational cohort study con-
ducted at the Department of Anaesthesiology, University
Hospital Heidelberg, Heidelberg, Germany [17]. In sum-
mary, a total of 44 coronary heart disease patients sched-
uled for elective, non-cardiac surgery was screened for
eligibility. Of those, 40 patients were successfully en-
rolled into the study. During follow-up, two patients
withdrew consent and were excluded, resulting in a final
study population of 38 participants. The main clinical
and demographical baseline characteristics are published
elsewhere [18]. In brief, the majority of patients were
male, over the age of 60 years and classified as American
Society of Anaesthesiologists physical status (ASA) ≥3.
Patients in the MACCE group more frequently suffered
from preoperative diagnosed renal failure (Kidney Dis-
ease: Improving Global Outcomes stage ≥3) and atrial
fibrillation. Perioperative medication reflected patients’
elevated cardiovascular risk profile. Patients who suf-
fered MACCE took angiotensin converting enzyme in-
hibitors more frequently. The incidence of a history of
percutaneous coronary intervention was 29% in the
MACCE and 42% in the no MACCE group. 29% of pa-
tients in the MACCE group reported a history of myo-
cardial infarction (MI) compared to 48% in the no
MACCE group [18]. The trial was registered prior to pa-
tient enrolment at clinicaltrials.gov (NCT02874508, Date
of registration: August 22, 2016). The study protocol
conformed to the principles of the Declaration of
Helsinki and the World Medical Association. After ap-
proval by the local Ethics Committee of the medical fac-
ulty of the Ruprecht-Karls University Heidelberg (S-351/
2016, 4th August 2016), and after informed written con-
sent, we enrolled consecutive general, vascular and uro-
logical surgery patients with documented coronary heart
disease undergoing elective, in-patient, non-cardiac
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surgery between August and October 2016. We excluded
patients younger than 18 years, pregnant or breastfeed-
ing, and individuals with leukaemia, leukocytosis (> 10
nl l− 1), or leukopenia (< 4 nl l− 1). Further exclusion cri-
teria were emergency surgery, history of organ trans-
plantation or splenectomy, immunosuppression,
chemotherapy, GM-CSF or cortisone treatment less than
14 days prior to surgery, an intraoperative dexametha-
sone administration, or the occurrence of myocardial is-
chemia, MI, embolic or thrombotic stroke, congestive
heart failure or serious cardiac arrhythmia within the
past 28 days before enrolment.

Data collection and conventional risk assessment
After enrolment, we recorded previous cardiovascular
and cerebrovascular events, demographic data, ASA clas-
sification, smoking status and current medication. A 12-
lead electrocardiogram was recorded preoperatively.
Conventional risk assessment was based on revised car-
diac risk index. Patients with high-sensitive cardiac
Troponin T (hs-cTnT) ≥14 ng l− 1 or N-terminal proB-
type natriuretic peptide (NT-proBNP) ≥300 ng l− 1 were
considered as at risk for perioperative MACCE [19].

Sample collection and laboratory measurements
As previously stated, blood samples were collected in the
operating room prior to skin incision in EDTA for DBC
and heparin tubes for biomarkers (Sarstedt, Nümbrecht,
Germany) [17]. Samples were sent to the central labora-
tory within 30min, and analyses were performed accord-
ing to standard operating procedures. NT-proBNP was
measured preoperatively (Immulite, Siemens Healthcare
Diagnostics, Erlangen, Germany); hs-cTnT was deter-
mined preoperatively and on postoperative days 1 to 3
(Cobas E4111, Roche Diagnostics, Mannheim, Germany).
Automated DBC were performed in the central
laboratory.

Outcome analysis
MACCE was defined as the composite endpoint of
death, myocardial ischemia, MI, MINS, or embolic or
thrombotic stroke within 30 days after surgery. In the
LeukoCAPE-1 study a total of 7 patients reached this
definition of the composite endpoint MACCE [18].
MINS [20] was defined as any raise in postoperative

hs-cTnT ≥50 ng l− 1 [21] judged due to myocardial ische-
mia. Raising hs-cTnT was defined as an increase of at
least 50% from baseline [22]. Other secondary endpoints
were individual components of the primary endpoint
MACCE, new-onset atrial fibrillation, peripheral vascular
occlusion and acute kidney injury. For outcome analysis,
a postoperative 12-lead electrocardiogram was recorded
on the third postoperative day, patient charts were
screened and, if discharged prior to postoperative day

30, patients or their family doctors participated in a
scripted telephone interview at the end of follow-up.

Statistical analysis
Not all blood cells were normally distributed. The Mann-
Whitney U-test was chosen to compare all quantitative
outcome data because it does not require any distribu-
tional assumption. Continuous data are presented as me-
dian [interquartile ranges (IQR)], unless otherwise stated.
Boxes mark IQRs, whiskers extent from the 5th to 95th
percentiles, and outliers are plotted as individual data
points. Patients were categorized for the occurrence of
MACCE. Two-sided p values < 0.05 were considered sig-
nificant. To account for multiple comparisons, statistical
analyses of preoperative leukocyte subset counts from
DBC, as well as PLR and NLR were adjusted according to
Bonferroni (α < 0.05/8). If patients were discharged early,
hs-cTnT data were imputed (last observation carried for-
ward analysis). Receiver operating characteristic (ROC)
analyses were performed to evaluate the discriminatory
power of PLR and NLR in association with MACCE. The
optimal threshold was calculated based on the maximized
Youden index. Odds ratios (OR) [95% confidence intervals
(CI)] were calculated using Woolf and Baptista-Pike
method as appropriate. Outcomes for ORs were all en-
tities of the composite endpoint MACCE (death, myocar-
dial ischemia, MI, MINS, or embolic or thrombotic stroke
within 30 days after surgery), as well as all other secondary
outcomes (new-onset atrial fibrillation, peripheral vascular
occlusion and acute kidney injury). PLR and NLR cut-offs
were used as independent variables. Net reclassification
improvement (NRI) was performed to compare reclassifi-
cation benefits and accuracies of preoperative PLR and
NLR in addition to hs-cTnT or NT-proBNP for associ-
ation with MACCE. The sample size (n = 40) for the
LeukoCAPE-1 study was initially calculated to test the as-
sociation of different leukocyte population counts with a
surgical intervention [17]. Data from all 38 patients was
included in this post-hoc analysis.
IBM SPSS Statistics 24.0 (SPSS, Chicago, USA), Med-

Calc 16.8 (MedCalc Software, Ostende, Belgium) and
Prism 7.02 (GraphPad Prism Software, Inc., San Diego,
US) were used for statistical analyses.

Results
Preoperatively conducted differential blood counts and
calculated ratios
Results from DBC were recorded prospectively. Post-
hoc, we calculated patients’ PLR and NLR after stratifi-
cation for MACCE. After adjustment for multiple com-
parisons (Bonferroni (α < 0.05/8 = 0.006)), numbers of
leukocyte subpopulations and platelets did not differ
(Fig. 1 a-f). Patients suffering MACCE had higher PLR
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(309 [206; 380] vs. 160 [132; 203], p = 0.001) (Fig. 1 g)
and higher NLR than patients without MACCE (4.9 [3.5;
8.1] vs. 2.6 [2.2; 3.4], p = 0.001 for MACCE vs. no
MACCE) (Fig. 1 h).

Receiver operating characteristics analysis of NLR and PLR
ROC curve analysis demonstrated that PLR had a high dis-
criminatory value for MACCE (AUC= 0.88; 95% CI [0.75;

1], p = 0.002). Based on maximized Youden index, the opti-
mal cut-off was calculated to be > 204.4 with a sensitivity of
86% and specificity of 77%. The accuracy of the test was
82% (Fig. 2 a). Also, preoperative NLR had a high discrim-
inatory ability for MACCE in our cohort (AUC= 0.88; 95%
CI [0.78; 1], p = 0.002). The optimal cut-off was calculated
to be > 3.1 with a sensitivity of 100% and specificity of 71%.
The accuracy of the test reached 82% (Fig. 2 b).

Fig. 1 Differential blood count. Prior to non-cardiac surgery, differential blood counts were performed in the 38 included patients. a-f After
adjustment for multiple comparisons (p = 0.05/8 = 0.006), no difference in subpopulations could be detected between patients who suffered
MACCE and patients who did not. g, h Patients with MACCE had a higher PLR (309 [206; 380] vs. 160 [132; 203], p = 0.001), as well as higher NLR
(4.9 [3.5; 8.1] vs. 2.6 [2.2; 3.4], p = 0.001) prior to surgery. MACCE: major adverse cardiovascular and cerebrovascular events, PLR: Platelet to
Lymphocyte Ratio, NLR: Neutrophil to Lymphocyte Ratio
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Odds ratios for primary and secondary outcomes
A preoperative PLR of > 204.4 was associated with an in-
creased risk of 30-day MACCE (OR = 7; 95% CI [1.2;
44.7], p = 0.034), but was not associated with any sec-
ondary outcome (Fig. 3 a). A preoperative NLR > 3.1 was
associated with an increased risk of 30-day MACCE
(OR = 36; 95% CI [1.8; 686.6], p = 0.001). There was no
association with any secondary outcome (Fig. 3 b).

Additive risk predictive value of PLR or NLR to hs-cTnT T
or NT-proBNP
Addition of PLR to hs-cTnT let to improvement in the
group without MACCE by correct reclassification of
nine patients in the “not at risk”-group (NRI no MACCE =
3.00, p = 0.003). In the group with MACCE, two patients
were wrongly reclassified in the “not at risk”-group (NRI

MACCE = − 1.41, p = 0.157). PLR did not prove to be of
overall additional benefit for reclassification (NRI total =
0.01, p = 0.984) (Fig. 4 a). Addition of PLR to NT-proBNP
also let to improvement in the group without MACCE by re-
classifying eleven patients (NRI no MACCE = 3.32, p= 0.001).
However, two patients were also wrongly reclassified in the
“not at risk”-group (NRI MACCE =− 1.41, p= 0.157). PLR did
not prove to be of overall additional benefit for reclassifica-
tion in combination with NT-proBNP (NRI total = 0.07, p=
0.762) (Fig. 4 b). NRI analysis demonstrated that the combin-
ation of hs-cTnT and NLR improved risk stratification with
overall increased reclassification accuracy (NRI total = 0.23, p=
0.008) (Fig. 4 c). The addition of NLR to NT-proBNP also im-
proved overall stratification (NRI total = 0.26, p=0.005) (Fig. 4
d). For both hs-cTnT and NT-pro-BNP-based risk stratification,
NLR reduced false positive classifications in the group without

Fig. 2 Receiver operating characteristics analysis of NLR and PLR. a, b) Receiver operating characteristics curve analyses were performed to
evaluate discriminatory power of PLR and NLR for MACCE. Based on the maximized Youden Index, the optimal cut-off of PLR > 204.4 and NLR >
3.1 were calculated. Test characteristics based on Woolf Chi-square analyses are displayed. PLR: Platelet to Lymphocyte Ratio, NLR: Neutrophil to
Lymphocyte Ratio, MACCE: major adverse cardiovascular and cerebrovascular events, AUC: Area under the curve, CI: confidence interval, PPV:
positive predictive value, NPV: negative predictive value, OR: odds ratio

Larmann et al. BMC Cardiovascular Disorders          (2020) 20:230 Page 5 of 9



MACCE (hs-cTnT: NRI no MACCE=2.65, p=0.008; NT-
proBNP: NRI no MACCE=2.83, p=0.005) (Fig. 4 c, d).

Discussion
In this post-hoc analysis of the LeukoCAPE-1 study,
we show that high preoperative PLR and NLR exceed-
ing calculated cut-offs might be associated with
MACCE within 30 days after non-cardiac surgery in

coronary heart disease patients. The addition of NLR to
the established biomarkers hs-cTnT or NT-proBNP im-
proved preoperative risk prediction for MACCE in this
population. Leukocytes play a causal role in the pathogen-
esis of atherosclerosis and misbalances are part of the
mechanisms of plaque progression, destabilization, ero-
sion or rupture, leading to myocardial injury, MI and
stroke [23].

Fig. 3 Odds ratios for MACCE and secondary outcomes. Woolf Chi-square analyses were performed to assess odds ratios. a A preoperative PLR of
> 204.4 was associated with an increased risk of 30-day MACCE (OR 7; 95% CI [1.2; 44.7], p = 0.034. b A preoperative NLR > 3.1 was associated
with an increased risk of 30-day MACCE (OR 36; 95% CI [1.8; 686.6], p = 0.001). In this population, no significant association was found for any of
the secondary endpoints. PLR: Platelet to Lymphocyte Ratio, MACCE: major adverse cardiovascular and cerebrovascular events, MI: myocardial
infarction, MINS: myocardial injury after non-cardiac surgery, AKI: acute kidney injury, OR: odds ratio, NLR: Neutrophil to Lymphocyte Ratio
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After necessary adjustment for multiple comparisons,
we could not detect any differences in blood cell sub-
populations in our cohort other than in NLR and in
PLR. Due to physiological and pathological changes of
absolute counts, there is an argument for a higher stabil-
ity of hematological indices [24]. Moreover, both PLR
and NLR present as a ratio of two inversely directed
mechanisms that exacerbate atherosclerosis and cardio-
vascular events [24]. In line with our finding that PLR is
associated with adverse cardiovascular outcome after
non-cardiac surgery in coronary heart disease patients,
Azab et al. demonstrated that PLR is associated with
mortality after MI, independently of lymphocyte or
platelet counts [24]. We calculated an ideal cut-off for
PLR at 204.4 based on Youden-index which was associ-
ated with MACCE. Compared to the recent literature,
our cut-off ranks high. It has been shown that preopera-
tive PLR > 153.6 predicts acute coronary syndrome in
patients after carotid endarterectomy within an 18-
month follow-up period [25], and extreme values of <
91.5 or > 163.3 are associated with complications after
abdominal aortic aneurysm repair [26]. PLR was not as-
sociated with individual outcomes of the composite

endpoint MACCE or any of the secondary outcomes an-
alyzed in LeukoCAPE-1. As this analysis was conducted
post-hoc, and the sample size was given, the study is
underpowered to assess several secondary outcomes.
Our finding, that NLR is associated with adverse car-

diovascular outcome, and improves risk prediction in
coronary heart disease patients undergoing non-cardiac
surgery, is in line with previous reports. In a cohort of
patients at elevated cardiovascular risk, NLR is of pre-
dictive value for death or MI, even when DBC is within
the normal range [27], and has proven to be a stronger
independent predictor of mortality than other leukocyte
subpopulations after MI [28]. NLR, but not DBC, pre-
dicts 2-year mortality after major vascular surgery [29].
Patients included in the LeukoCAPE-1 study underwent
elective surgery. Correspondingly, median neutrophil
count of 3.5 in our cohort is far lower than in patients
undergoing emergency surgery [30], but also surprisingly
low for patients with underlying chronic vascular inflam-
mation [31].
Recently, two meta-anaylses have supported that high

NLR on hospital admission of patients suffering MI is as-
sociated with deleterious outcome, including long-term

Fig. 4 NET reclassification improvement analysis for NLR or PLR in addition to hs- cTnT or NT-proBNP for perioperative cardiovascular risk
stratification. Reclassification tables are shown for patients with MACCE and patients without MACCE. yes: at risk, no: not at risk; Correctly
reclassified patients: blue, incorrectly reclassified patients: red. a, b The combination of hs-cTnT or NT-proBNP with PLR > 204.4 did not show
reclassification improvement (hs-cTnT: NRItotal = 0.01, p = 0.984; NT-proBNP: NRItotal = 0.07 p = 0.762). c The addition of NLR > 3.1 to hs-cTnT led to
an overall improvement by seven correctly reclassified patients in the no MACCE group (NRItotal = 0.23, p = 0.008). d The addition of NLR > 3.1 to
NT-proBNP led to the correct reclassification of eight patients in the no MACCE group and overall classification improvement (NRItotal = 0.26, p =
0.005). PLR: Platelet to Lymphocyte Ratio, NLR: Neutrophil to Lymphocyte Ratio, MACCE: major adverse cardiovascular and cerebrovascular events
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mortality and adverse cardiovascular events [32, 33]. This
extends to stroke, as high NLR is correlated with increased
risk and worse functional outcome after ischemic stroke
and with higher mortality after ischemic, as well as
hemorrhagic stroke [34–36]. The majority of patients in-
cluded in these studies have preexisting chronic cardiovas-
cular disease. We could not detect any association with
MI or stroke in our cohort, probably because the study is
underpowered to test the secondary outcomes.
Patients with coronary heart disease are underrepre-

sented in previous studies in the perioperative field [12].
Therefore, our cohort of patients with preoperatively di-
agnosed coronary heart disease is of particular interest
for further studies into NLR as a predictive marker of
cardiovascular events, especially as performance of
current risk predicting tools is limited in this cohort
[15]. Our post-hoc analysis showed that the inexpensive
addition of NLR to the widely recommended biomarkers
hs-cTnT or NT-proBNP [19, 37] improved risk classifi-
cation mainly by reclassifying patients from “false posi-
tive” to “correct negative” which may lead to better
resource management by reducing the number of pa-
tients stratified as at risk for MACCE.
Our study has several limitations. The analysis was

performed post-hoc, rendering results explorative rather
than confirmative. However, the results are hypothesis-
generating and should be investigated in a larger pro-
spective observational study in patients at elevated risk
for perioperative cardiovascular complications. The
number of patients is relatively low as it was originally
calculated for testing the association of non-cardiac sur-
gery with changes in counts of leukocyte subpopulation
[17]. Confidence intervals for both NLR and PLR are
wide and likely related to small sample size. However,
the effect estimates not only for the primary endpoint
MACCE, but also for other secondary cardiovascular
endpoints such as MI, myocardial ischemia, MINS and
all-cause mortality were ≥ 4 and can serve in the design
of future clinical trials. Because of the limited number of
patients, this study is insufficient for multivariate and lo-
gistic regression analyses. Future studies are needed to
test whether NLR and PLR independently predict
MACCE in patients at elevated risk for cardiovascular
events.

Conclusions
The findings of our post-hoc analysis suggest that both
PLR > 204.4 and NLR > 3.1 are associated with peri-
operative 30-day MACCE in coronary heart disease pa-
tients. The addition of NLR to established biomarkers
for cardiovascular risk stratification improved prediction
in patients at elevated risk, potentially leading to im-
proved resource management in perioperative care. PLR,
as well as NLR are inexpensive, readily available markers.

Preoperative PLR and NLR might be calculated to allow
perioperative caregivers a more accurate prediction of
perioperative cardiovascular events in coronary heart
disease patients undergoing non-cardiac surgery.
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