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ABSTRACT

Background: Aortic dissection is a cardiovascular disease
with high mortality and morbidity rates. The aim of this
study is to investigate the role of C-reactive protein (CRP)
and neutrophil-to-lymphocyte ratio (NLR) in predicting in-
hospital mortality in patients undergoing emergent surgery
for Stanford type A aortic dissection.

Methods: Patients operated for acute Stanford type A aortic dis-
section between January 2010 and December 2018 were included
in the study. Patients without in-hospital mortality were classified
as Group 1, and patients with mortality were classified as Group 2.

Results: One-hundred-eighteen patients were involved
in the study. Patient mean age was 57 = 11.7 years, and 89
patients (75.4%) were male. Neutrophil-to-lymphocyte ratio
(NLR), white blood cell (WBC), neutrophil counts, and
C-reactive protein (CRP) values at the time of admission also
were found to be high in Group 2 (P = .001, .021, < .001,
< .001 respectively). Total perfusion times (TPt), antegrade
cerebral perfusion time (ACPt), cross-clamp time (CCt),
and intensive care unit (ICU) stay periods significantly were
higher in the mortality group (P < .001, < .001, = .01, and
< .001, respectively). In receiver-operating characteristic
(ROC) curve analysis, a cut-off level of 23 mg/L was deter-
mined for CRP levels that predict progression to mortality
(area under the curve (AUC): 0.879, P < .001, 75.0% sensitiv-
ity and 58.0% specificity). Similarly, a cut-off level of 8.8 was
found for NLR that predicts progression to mortality (AUC:
0.835, P <.001, 76.0% sensitivity and 61.0% specificity).

Conclusion: As a result, we can use CRP and NLR values,
which easily can be measured or calculated from blood tests
to predict mortality in patients with aortic dissections, which
may have serious mortal consequences.

INTRODUCTION

Aortic dissection (AD) is a cardiovascular disease with
high mortality and morbidity rates. The estimated annual
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prevalence of AD is 2.9-4.7 per 100,000 people [Pacini 2013].
Acute Type A aortic dissection (AAAD) is a pathology requir-
ing urgent surgical intervention. Rupture of the intimal layer
of the aorta causes AD. The complications may vary, depend-
ing on the end-organ involvement. Rupture of the aortic wall
often is the cause of sudden death [Engin 2018; Huang 2018].

Inflammation plays an important role in the progress
and prognosis of the AD. Inflammatory parameters, such as
C-reactive protein (CRP) and white blood cells (WBC) can
be useful in the prognosis of cardiovascular diseases, includ-
ing aortic dissections [Luo 2009]. CRP is a non-specific
acute phase reactant synthesized in the liver with induction
of IL-6. This parameter, which can be measured quickly and
easily, has an important role in the diagnosis of inflamma-
tory diseases [Volanakis 2001]. That it may play a role in
the prognosis of cardiovascular diseases, has been shown
[Melander 2009].

Neutrophil-to-lymphocyte ratio (NLR) is known to play a
role in the prognosis of many diseases. This ratio, which easily
can be calculated from the complete blood count analysis,
also can play a role in the prognosis of cardiovascular diseases
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ROC curve and AUC (area under the curve) for CRP and NLR to pre-
dict mortality (CRP: cut-off: 23 mg/L, AUC: 0.879, 95% Cl: 0.810-
0.949, log rank P < .001, 75.0% sensitivity and 58.0% specificity. NLR
cut-off level: 8.8 AUC: 0.835, 95% Cl: 0.735-0.934, log rank P < .001,
76.0% sensitivity and 61.0% specificity).
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Table 1. Demographic features and blood values of the patients

Characteristics Survivors Group 1 (N = 94) Non-Survivors Group 2 (N = 24) P

Age(years)(mean+sd) 572+12.3 56.4+9.6 742
Male/ Female, n/n 70,24 19/4 .633
Smoking, n (%) 52 (55.3%) 14 (58.3%) TN
Hypertension, n (%) 76 (80.9%) 21 (87.5%) 447
Diabetes mellitus, n (%) 14(14.9%) 3 (12.5%) .766
COPD, n (%) 13 (13.8%) 3 (12.5%) .865
Ejection fraction (%)(mean=sd) 53.846.6 51.2+6.9 183
Hematocrit (%)(mean+sd) 42.9+4.8 43.5+4.1 .701
WBC (10°/mm?)(mean+sd) 13.3+2.8 15.3£2.9 .001
Neutrophil, 10°/ml, (mean#sd) 9.4+2.3 10.4+2.1 .01
Lymphocyte,10°/ml, (meanzsd) 1.2+£0.2 1.1£0.2 .052
Neutrophil lymphocyte ratio, (mean+sd) 7.8+1.3 9.7+1.4 <.001
Platelet (10°/ mm?®) (meanzsd) 220+46.7 216+39.8 733
C-reactive protein (mg/L) (meanzsd) 15.547.3 33.4+21.4 <.001

COPD: Chronic obstructive pulmonary disease, WBC: White blood cells

[Karabinos 2009]. In this study, we aimed to determine the
importance of CRP and NLR in predicting in-hospital mor-
tality in patients undergoing emergent surgery for AAAD.

PATIENTS AND METHODS

Permission for the study was obtained from the local ethics
committee. The patients operated for AAAD at the Bursa
Yiiksek Thtisas Education and Research Hospital, University
of Health Sciences, between January 2010 and December
2018, were included in the study. Patients with active infection,
known systemic inflammatory disease, traumatic dissection, a
syndrome like Marfan Syndrome, with malperfusion or clinical
shock at the time of admission, were excluded from the study.

After applying the exclusion criteria, 118 patients were involved
in the study. The diagnosis of AD was confirmed by echocardiog-
raphy and computerized tomography with contrast in all patients.
Blood samples were collected before admission to the operation
theatre. The patients were taken into operation theatre as soon
as the dissection was diagnosed. All patients were operated with
median sternotomy under general anesthesia. Antegrade cerebral
perfusion with moderate hypothermia was used in all patients.
Preoperative (age, sex, hypertension (HT), diabetes mellitus
(DM), blood parameters, etc.), intraoperative (total perfusion
time (TPt), cross-clamp time (CCt), antegrade cerebral perfusion
time (ACPv), etc.), and postoperative (intensive care unit (ICU)
stay, total hospital stay, etc.) data of the patients were recorded.
Patients without in-hospital mortality were classified as Group 1,
and patients with mortality were classified as Group 2. Predictive
effects of CRP and NLR values measured at the time of admis-
sion on in-hospital mortality were investigated.

© 2020 Forum Multimedia Publishing, LLC

Laboratory measurements: Blood samples were taken
from an arterial cannulation line of each patient in the inten-
sive care unit. Hematologic parameters were measured by
using an automated hematological analyzer (Coulter LH 780
Analyzer, CA, USA). In addition, NLR was calculated and
blood parameters were recorded.

Statistical analysis: Statistical data was evaluated with
the Statistical Package for the Social Sciences IBM SPSS
Statistic Inc. version 21.0, Chicago, IL). Continuous and
ordinal variables were described as mean =+ standard deviation
and nominal variables were described as frequency and per-
centage. Kolmogorov-Smirnov test and Shapiro-Wilk tests
of normality were used to identify distribution of variables.
Student's t test was used to compare two groups for continu-
ous variables with normal distribution. Mann-Whitney U
test was used to compare two groups for continuous variables
without normal distribution. Chi square test was used to com-
pare two groups for nominal variables. Predictors of mortality
were identified by using binary logistic regression analysis.
Correlation analysis between CRP and NLR was performed
using Spearman correlation test. For all tests, a P value of
< .05 was considered statistically significant. Receiver-
operating characteristic (ROC) curve was performed for the
prediction of mortality, and the area under the curve (AUC)
was calculated for CRP and NLR.

One-hundred-eighteen patients were included in this
study. Patient mean age was 57 = 11.7 years, and 89 patients
(75.4%) were male. There were 97 (82.2%) patients with
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Table 2. Intraoperative and postoperative features of the patients

Survivors Group 1 (N = 94) Non-Survivors Group 2 (N = 24) P
TPt (minutes) (mean+sd) 144+39.1 211.4+89.8 <.001
CCt (minutes) (meanz+sd) 79.7+38.1 96.7+29.3 .01
ACPt (minutes) (mean+sd) 29.4+15.4 42.3+21.6 <.001
Concomitant CABG, n (%) 6 (6.3%) 2 (8.3%) .321
ICU stay(days) (meanzsd) 3.6+1.8 13.7+10.2 <.001
Total hospital stay (days) (mean+sd) 9.3£2.1 13.7+10.2 .051

TPt: Total perfusion time, CCt: Cross-clamp time, ACPt: Antegrade cerebral perfusion time, CABG: coronary artery bypass graft, ICU: intensive care unit

hypertension, 17 with DM (14.4%), 16 with chronic obstruc-
tive pulmonary disease (COPD) (13.5%), and 66 smoking
(55.9%) patients. The mean ejection fraction (EF) was 53.3
+ 6.7. At the time of presentation, hematocrit values were 43
+ 4.6, CRP values were 21.7 = 15.3, WBC values were 13.7
+ 2.9, platelet values were 219.6 + 44.7, and calculated NLR
ratios were 8.6 + 1.7. There was no significant effect of age,
sex, EF, HT, smoking, DM, and COPD factors on mortality
(P > .05). Neutrophil-to-lymphocyte ratio, WBC, neutrophil
counts and CRP values at the time of admission also were
found to be high in Group 2 (P = .001, .021, < .001, < .001,
respectively). The platelet and lymphocyte levels were similar
in both groups (P =.733, .052, respectively) (Table 1).

Eight (6.7%) patients with coronary artery involvement
underwent coronary bypass operation. In addition, there was
no effect of coronary bypass operation on mortality (P =.321).
TPt, CCt, and ACPt values of the patients were 157.7 = 67.7,
83.1 = 30.6, and 32.1 = 17.5, respectively. Duration of ICU
stay was 5.6 = 6.3 days and total hospitalization period was
10.2 = 5.2 days. Total perfusion times, ACPt, CCt, and inten-
sive care unit (ICU) stay periods significantly were higher
in Group 2 (P <.001, < .001, = .01, and <.001, respectively)
(Table 2).

In hospital mortality was observed in 24 (20.3%) patients.
Factors related to the development of mortality were included
univariate and multivariate logistic regression analysis. In unad-
justed univariate logistic regression analysis, the development
of mortality significantly was correlated with ICU stay (OR
[odds ratio]: 1.614, 95% CI [confidence interval]: 1.318-1.976,
P <.001), C-reactive protein (OR: 1.100, 95% CI: 1.053-1.150,
P < .001), NLR (OR: 2.090, 95% CI: 1.492-2.928, P < .001),
ACPt (OR: 1.036, 95% CI: 1.010-1.062, P = .005), TPt (OR:
1.018, 95% CI: 1.008-1.028, P < .001), and CCt (OR: 1.017,
95% CI: 1.003-1.032, P = .020), but was not correlated with
age and gender (Table 3). In addition, ICU stay, CRP, NLR,
and TPt were identified as an independent predictor of devel-
opment of mortality in multivariate analysis (OR: 2.700, 95%
CI: 1.382-5.273, P = .004; OR: 1.151, 95% CI: 1.033-1.282,
P =.011; OR: 3.405, 95% CI: 1.363-8.505, P = .009 and OR:
1.021, 95% CI: 1.004-1.039, P = .018, respectively) (Table 3).

In ROC curve analysis, for CRP it was determined a cut-
off level of 23 mg/L for predicting progression of mortality
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(AUC: 0.879, 95% CI: 0.810-0.949, P < .001, 75.0% sensitiv-
ity and 58.0% specificity), for NLR it was determined a cut-
off level of 8.8 for predicting progression of mortality (AUC:
0.835,95% CI: 0.735-0.934, P < .001, (76.0% sensitivity and
61.0% specificity) (Figure). There was a moderate positive
correlation between CRP and NLR (R = 0.501, P <.001).

Aortic dissection, which may have serious mortal and
morbid consequences, is a cardiovascular system disease that
develops as a result of multiple factors, including genetics,
atherosclerosis, and hypertension. The treatment of AAAD
is always emergency surgery. Despite advances in technol-
ogy, the desired mortality and morbidity results have not
yet been achieved. One of the most important reasons for
this is that intimal rupture may affect vital organ perfusion.
Malperfusion at the time of the diagnosis decreases the chance
of surgical success. Acute aortic dissections always have been
interesting for cardiovascular surgeons. Several studies have
been conducted on the factors affecting mortality. In these
studies, advanced age, prolonged perfusion time, and prolonged
intensive care stay were considered factors related with mortal-
ity. At the same time, it was determined that cardiac tampon-
ade clinic and having a cerebrovascular disease is related with
increased mortality rates [Cabasa 2016; Wu 2018].

Recent studies have shown that inflammatory markers may
predict prognosis of various diseases. The effects of increased
systemic inflammatory reactants on mortality in cardiovas-
cular diseases have been indicated. At the time of presenta-
tion of AD patients, levels of inflammatory parameters in the
blood can predict prognosis [Imtiaz 2012].

CRP levels rapidly increase in blood in systemic stress
conditions; it is a sensitive marker of chronic vascular inflam-
mation. Furthermore, atherosclerosis has some effects on
vascular cell activation, apoptosis, monocyte accumulation,
fat cell aggregation, and thrombosis stages [Yuan 2011]. CRP
levels have been shown to affect disease-related complica-
tions and in-hospital mortality in AAAD [Komukai 2005;
Eggebrecht 2004]. Sbarouni et al performed a study about
CRP levels in three different groups comprising healthy
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Table 3. Logistic regression analysis for independent predictors to predict mortality

Univariate analysis

Multivariate analysis

Variables P Exp(B) Odds ratio  95% C.I. Lower  95% C.I. Upper P Exp(B) Odds ratio ~ 95% C.I. Lower  95% C.I. Upper
Age 733 .994 .957 1.033 - - -

Gender .634 .768 .258 2.280 - - -

ICU stay <.001 1.614 1.318 1.976 .004 2.700 1.382 5.273
C-reactive protein ~ <.001 1.100 1.053 1.150 .0n 1.151 1.033 1.282
NLR <.001 2.090 1.492 2.928 .009 3.405 1.363 8.505
ACPt .005 1.036 1.010 1.062 .532 1.020 .959 1.085

TPt <.001 1.018 1.008 1.028 .018 1.021 1.004 1.039

CCt .020 1.017 1.003 1.032 .083 .961 918 1.005

ICU: intensive care unit, NLR: neutrophil-to-lymphocyte ratio, ACPt: antegrade cerebral perfusion time, TPt: total perfusion time, CCt: cross-clamp time

volunteers, patients with acute aortic dissection, and patients
with aortic aneurysms. CRP levels significantly were higher in
the two groups composed of patients than that of the healthy
group [Sbarouni 2007]. Increased CRP levels have prognos-
tic importance in acute aortic diseases. Schillinger et al con-
ducted a study of patients with aortic dissection. They found
that CRP levels were associated with in-hospital short-term
adverse outcomes. In addition, they pointed out that CRP
levels above 6.3 mg/dl were associated with poor prognosis
[Schillinger 2002]. Furthermore, in a study by Sakakura et
al., it was remarked that increased CRP values were related
to poor prognosis and increased in-hospital mortality in acute
aortic dissection cases [Sakakura 2010]. In our study, CRP
levels at the time of admission significantly were higher in
Group 2. We determined that CRP levels above 23 mg/L
might affect in-hospital mortality. Therefore, it can be stated
that the CRP levels measured at the time of admission would
prefigure about the prognosis.

Prognostic value of NLR has been shown with many stud-
ies in many fields of medicine [Ay 2014; Oz 2017; Erdolu
2020]. Neutrophils can cause extracellular matrix and vas-
cular smooth muscle damage in the aneurysmatic vessel wall
[Folkesson 2007]. It can be told that this situation leads up to
aortic dissection. Kalkan et al performed a study in patients
with aortic dissection. In this study, the patients were divided
into two groups as NLR> 6 and NLR <6. The rates of mor-
tality, major bleeding, and hospital-acquired infections were
found significantly higher in the group of patients with NLR
above 6 [Kalkan 2017]. In another study by Lafci et al, high
NLR was found to be associated with increased dissection
mortality. In this study, increased perfusion times, platelet
counts, surgical procedures, and increased intensive care stay
were found to be the factors affecting mortality. The cut-off
value for NLR was 8 in the ROC analysis (sensitivity was
70%; specificity was 53 %) [Lafci 2014].

Karakoyun et al investigated the relationship between the
mortality and NLR in patients with acute aortic dissection.
They stated that NLR > 8.5 was associated with mortality.
They also found significantly moderate positive correlation
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between CRP and NLR (R = 0.506, P = .002) [Karakoyun
2015]. Similarly, in our study, there was a moderate positive
correlation between CRP and NLR. Hypertension is one of
the most important factors in the progress of the dissection.
Possibly, the frequent occurrence of hypertension in patients
with dissection may be the reason of increased NLR. This
inflammatory process also may cause postoperative poor out-
comes in operated patients [Tian 2010].

In our study, we aimed to determine the predictive values
of CRP and NLR, known as inflammatory biomarkers, on
mortality of the patients who underwent emergent operation
for AAAD. Preoperative CRP and NLR values were found
to be significantly higher in the group of patients with mor-
tality. At the same time, prolonged total perfusion time and
prolonged ICU stay were evaluated as independent predictors
of mortality.

Our results may have been affected by our treatment meth-
ods. The relatively small number of patients also is a limitation
of the study. The surgical interventions were performed by dif-
ferent surgeons, making standardization difficult. Further pro-
spective studies are needed with a large patient series.

As a result, we can use CRP and NLR values, which easily
can be measured or calculated from blood tests to predict
mortality in patients with aortic dissections, which may have
serious mortal consequences. In this field, we believe that
more valuable results can be achieved with more multi-center
prospective data-based studies with large patient groups.
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