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Background. Acute aortic dissection (AAD), a serious and fatal cardiovascular disease, is characterized by inflammation that may
further aggravate the condition. We evaluated the value of the neutrophil-to-platelet ratio (NPR) in the prognosis of AAD.
Methods. We collected records of patients with AAD and clinical data from 2010 to 2020 and followed up on the relevant
information for 136 months. The Kaplan-Meier (K-M) survival along with the univariate and multivariate Cox analyses was
used to examine the prognostic value of NPR in AAD. In addition, nomograms were constructed by combining NPR, age,
Stanford typing, and treatment methods. The accuracy of nomograms was evaluated using calibration plots, and the prediction
efficiency of nomograms was evaluated by receiver operating characteristic curve analysis and decision curve analysis (DCA).
Results. The K-M analysis showed that AAD patients with higher NPR exhibited worse prognosis. In addition, different
Stanford typing and treatment methods produced varied prognosis results. Univariate and multivariate Cox analyses showed
that NPR value, age, classification, and treatment were independent prognostic factors for the overall survival time of patients
with AAD. Nomograms constructed by combining NPR, age, Stanford typing, and treatment methods showed good predictive
efficacy, and the AUC values for 1-, 3-, and 5-year predicting were 0.82, 0.79, and 0.74, respectively. Conclusions. Our results

suggest that pretreatment NPR can be used as a potential prognostic marker of overall survival time in patients with AAD.

1. Introduction

Acute aortic dissection (AAD) is a serious and fatal cardio-
vascular disease, characterized by intimal tear causing the
blood from the cavity to enter the middle of the arterial wall
[1]. This finally leads to the separation of the inner layer of
the aortic wall [2]. Global epidemiological data show that
AAD is more often observed in the elderly over the age of
60 years [3]. The incidence of AAD has increased with the
increase in the aging population worldwide [4]. At present,
the incidence of AAD is 4.586 for every 100,000 individuals
in the age group of 65 to 75 years. The China Registration
Study (Sino-RAD) reports that the average age of Chinese
patients with ADD is around 51 years, more than 10 years
younger than that in European and American countries
[5]. Because AAD progresses rapidly, about 24% of patients
will die within the first 24 hours and 50% of patients will die

within 48 hours if it is not correctly diagnosed and timely
intervention measures are not taken in the early stage [6].
According to the Stanford typing, depending on the extent
and location of the dissection, AAD can be divided into type
A aortic dissection (TAAD) and type B aortic dissection
(TBAD), both of which have a high mortality rate [7].
Although certain progress has been made in the diagnosis
and treatment of AAD recently due to the improvement in
medical technology, the prognosis of the majority of patients
with AAD is still not ideal. High-risk factors need to be iden-
tified early, and early intervention is important to prevent
the progression of the disease and improve the prognosis.
The specific pathogenesis of AAD has remained unclear.
Studies have reported that AAD is associated with vascular
inflammation and matrix degradation, including chronic
infection and the activation of matrix metalloproteinases
and the vascular endothelial growth factor [8]. In addition,
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several studies have reported that markers related to throm-
bosis and inflammation, including fibrin degradation prod-
ucts, D-dimer, C-reactive protein, and serum amyloid A,
are used for the diagnosis and short-term prognosis of
AAD [9-12]. Increasing evidence suggests that increased cell
count or neutrophil/lymphocyte ratio is an independent
adverse prognostic indicator of patients with TAAD [13].
It is known that platelets and neutrophils interact to regulate
each other’s functions during infection, inflammation, and
thrombosis [14]. The recruitment of neutrophils to inflam-
matory sites is dependent on the mechanism of platelet
aggregation. In addition, several studies have reported that
the formation of neutrophil-platelet aggregates is associated
with thrombosis and vascular inflammation. For instance,
Wang et al. reported that the ratio of platelets to neutrophils
(PNR) could serve as an independent risk factor for acute
ischemic stroke. Moreover, it is associated with early neuro-
logical deterioration and a short-term prognosis following
intravenous thrombolysis [15]. However, the value of NPR
in the long-term prognosis of AAD has not yet been
reported.

In the present study, we retrospectively collected the
clinical data of patients with AAD in the recent 10 years
and conducted a detailed follow-up to explore the effects of
preoperative NPR on the overall survival of patients with
AAD.

2. Materials and Methods

2.1. Patient Collection. This retrospective study collected the
record of patients treated in Yue Bei People’s Hospital from
January 1, 2010, to December 31, 2020, and followed up on
their relevant data until May 2021 to collect the relevant
clinical information. The diagnosis of AAD is primarily
based on the treatment and diagnosis guidelines for aortic
diseases proposed by the European Society of Cardiology
(ESC) 2014, whose classification standard is based on the
Stanford standard as per the anatomical classification. The
exclusion criteria were as follows: the time of onset was more
than 14 days or was unknown, incomplete information,
recurrent AAD, hematological diseases, cirrhosis, systemic
lupus erythematosus (SLE), Marfan syndrome, traumatic
AAD, malignant tumor, AIDS, and incomplete data. Finally,
309 patients were included in the study. The research
scheme was approved by the Ethics Committee of Yue Bei
People’s Hospital (KY-2020-166). Because of the retrospec-
tive nature of the study, informed consent was not required.

2.2. Data Collection. The first blood cell test results of
patients with AAD were collected. Stanford typing was
used to classify the patients, and the treatment methods
received were recorded. NPR is defined as the absolute
value of neutrophil count divided by the absolute value
of platelet count. To facilitate scientific counting, NPR =
number of neutrophils/number of platelets x 10.

2.3. Statistical Analysis. All statistical analyses were per-
formed using the R software (version 4.1.1). Kaplan-Meier
survival analysis was performed using the “survival” and
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TaBLE 1: Baseline characteristics and clinical data of patients with
AAD.

Characteristic Levels Overall
n 309
Status, 7 (%) Alive 188 (60.8%)
Dead 121 (39.2%)
Sex, n (%) Female 47 (15.2%)
Male 262 (84.8%)
Stanford, n (%) B 204 (66%)
A 105 (34%)
Therapy, n (%) PCI 123 (39.8%)
ST 47 (15.2%)
CM 139 (45%)
Age, median (IQR) 55 (48, 64)

WBC, median (IQR)
PLT, median (IQR)
GRAN, median (IQR)
LYM, median (IQR)
RBC, median (IQR) 4.46 (3.99, 4.88)
HGB, median (IQR) 132 (117, 143)

WBC: white blood cell; PLT: platelet; GRAN: neutrophilic granulocyte;
LYM: lymphocyte; RBC: red blood cell; HGB: hemoglobin.

12.48 (9.11, 15.61)
181 (148, 219)
10.07 (6.87, 13.16)
1.28 (0.89, 1.8)

“surviviner” packages, and the “survival” package was used
to perform univariate and multivariate Cox analyses. A P
value < 0.05 was considered significant. The “RMS” package
was used to build nomograms, “survivalroc” was used for the
receiver operating curve (ROC) analysis, and the “decision-
curve” package was used for decision curve analysis (DCA).

3. Results

3.1. Baseline Characteristics of Patients. A total of 309
patients with AAD were included in this study, of which
121 died during follow-up (39.2%). Statistics showed that
262 men accounted for 84.8% of the total patients. Among
all cases, 204 cases were diagnosed as TBAD, accounting
for 66% of the total. Among these patients, 123 cases were
treated with thoracic endovascular aortic repair (TEAR),
accounting for 39.8% of the patients. In addition, 47 patients
used the traditional surgical treatment (ST), accounting for
15.2% of cases, and 139 patients were treated with conserva-
tive medication (CM), accounting for 45% of the total. The
specific clinical information of the study population is sum-
marized in Table 1.

3.2. NPR Was Associated with Overall Survival. The median
value of NPR showed that the study population was divided
into high- and low-risk groups, and the difference in the
overall survival between the two groups was calculated using
the K-M analysis. The results showed that patients with
AAD in the high-NPR group had worse overall survival time
than those in the low-NPR group (log-rank test, P =0.003;
Figure 1(a)). Simultaneously, the difference in the overall
survival time between two different subtypes of TAAD and
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FiGurek 1: Kaplan-Meier survival curve analysis. (a) Patients with acute aortic dissection were stratified according to the NPR value, and the
difference in the overall survival time was calculated using the Kaplan-Meier analysis. The Kaplan-Meier curve shows the difference in the
overall survival time between (b) type A aortic dissection (TAAD) and type B aortic dissection (TBAD) and (c) treatment methods. The p.
adj is obtained by multiple hypothesis test using Bonferroni method to correct the significance level. TEAR: thoracic endovascular aortic

repair; CM: conservative management; ST: surgical treatment.

pvalue Hazard ratio i
1
Sex 0.574 1.159 (0.693-1.938)  =—i
1
Age 0.019 1.017 (1.003-1.032) .
1
Stanford 001 3933 (2.741-5.642) ! —-
typing |
Treatment <0.001 2.119 (1.693-2.653) ——
1
NPR <0.001 2.267 (1.502-3.421) I

0o 1 2 3 4 5
Hazard ratio

(a)

pvalue Hazard ratio |
Sex 0.169 1.452 (0.854-2.471) H:_._|
Age 0.025 1.018(1.002-1.034) :.
f’;;‘égd <0.001 3.030 (2.060-4.456) i o
Treatment <0.001 1.721 (1.326-2.235) | ———
NPR <0.001 2.139 (1.384-3.307) : [ —

0 1 2 3 4
Hazard ratio

(b)

FIGURE 2: Prognostic correlation analysis. (a) Univariate and (b) multivariate Cox regression analyses identified NPR as an independent

prognostic factor for acute aortic dissection.

TBAD was analyzed. Patients with TAAD had a shorter
overall survival expectation compared with TBAD (log-rank
test, P < 0.001; Figure 1(b)). In addition, the effects of differ-
ent treatment methods on the overall survival time of
patients with AAD were analyzed. The results showed that
patients treated with thoracic endovascular aortic repair
had the best prognosis as compared with other patients.
Compared with surgical treatment and conservative drug
treatment, the latter had relatively the worst prognosis, with
significant differences among the three treatment methods
(Figure 1(c)).

3.3. NPR Is an Independent Prognostic Indicator. To further
explore the prognostic factors related to the overall survival
time of AAD, a univariate Cox regression analysis was
performed on variables including sex, age, treatment mode,
Stanford typing, and NPR. The results showed that age, treat-
ment, Stanford typing, and NPR were associated with the
overall survival time of patients with AAD (Figure 2(a)). Sub-
sequently, multivariate Cox analysis revealed that age, treat-

ment mode, Stanford typing, and NPR were independent
prognostic factors for patients with AAD (Figure 2(b)). To
further clarify the relationship between NPR and Stanford
typing, we performed a two-factor K-M survival analysis.
The results showed that patients with both TAAD and a high
NPR had the worst overall survival time, and those with
TBAD and low NPR had the best prognosis (Figure 3(a)).
Next, the relationship between NPR and different treatment
methods was analyzed. The K-M survival analysis revealed
that patients with a high NPR and treated with conservative
management (CM) presented the worst prognosis, whereas
those treated with thoracic endovascular aortic repair
(TEAR) had a relatively good prognosis (Figure 3(b)).

3.4. Nomogram Construction. We established a convenient
method for clinical application to predict the survival prob-
ability of patients with AAD. A nomogram was constructed
to predict the 1-, 3-, and 5-year overall survival of patients
with AAD. The nomogram included independent prognos-
tic factors for AAD, including age, mode of treatment,
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FIGUre 3: Two-factor Kaplan-Meier survival analysis. (a) Overall survival analysis combined with NPR and typing. (b) Overall survival
analysis combined with NPR and treatment. TAAD: type A aortic dissection; TBAD: type B aortic dissection; TEAR: thoracic
endovascular aortic repair; CM: conservative management; ST: surgical treatment.

Stanford typing, and NPR (Figure 4(a)). Next, the accuracy
and discrimination of the nomogram were evaluated using
calibration plots, in which the 45-degree dotted line repre-
sented the ideal discrimination. The red solid line repre-
sented the actual prediction performance of the nomogram.
Calibration plots revealed that the prediction ability of the
nomogram was extremely close to the ideal discrimination,
showing good prediction performance (Figure 4(b)). The
predictive efficacy of the nomogram on the overall survival
time of AAD was evaluated using the ROC curve. The area
under the curve (AUC) of 1-, 3-, and 5-year survival was
0.82, 0.79, and 0.74, respectively (Figure 4(c)). The clinical
usefulness of the nomogram was further evaluated by DCA,
showing the best net benefit (Figure 4(d)). These results
suggested the nomogram to be a better predictor of the over-
all survival of patients with AAD than either marker alone.

4. Discussion

Acute aortic dissection is a highly severe cardiovascular dis-
ease associated with high mortality. Studies have reported
that up to 21% of patients with acute type A aortic dissection
died before reaching the hospital [16]. Although certain
progress has been made in the diagnosis and treatment of
AAD due to the improvement in medical technology
recently, the prognosis of the majority of patients with
AAD is still not ideal with low overall survival time. AAD
is characterized by acute onset, atypical clinical manifesta-
tions, and rapid progression. However, the pathogenesis
and prognostic factors need to be clarified. Thus, determin-
ing the related overall survival index of AAD is clinically
significant to improve its prognosis.

We found that the results of the first blood cell examin-
ing following admission had important prognostic value for
patients with AAD. The K-M survival analysis revealed that

NPR was associated with the overall survival of patients with
AAD. Those with a higher NPR had a worse prognosis. In
addition, we compared the differences in the overall survival
time between different treatment methods and Stanford typ-
ing. The K-M survival analysis showed that patients with
TAAD had a worse prognosis than those with TBAD, which
was consistent with the previously reported results [17, 18].
Patients treated with thoracic endovascular aortic repair
had the best prognostic effect, and those treated with conser-
vative drugs showed the worst prognostic effect. Interest-
ingly, the results showed that different surgical treatments
impacted the overall survival of patients. We further verified
the value of NPR in the prognosis of AAD using a combina-
tion of univariate and multivariate Cox regression analyses.
The results showed that it was independent of sex, age, treat-
ment, and Stanford typing and could serve as an independent
prognostic factor of AAD. We proposed NPR as a new index
in AAD that suggested thrombosis and inflammatory
response to a certain extent. In addition, it reflected the bal-
ance between neutrophils and platelets. At present, NPR
value has not been reported in the prognosis of AAD. The
clinical correlation analysis of 400 patients with acute ische-
mic stroke by Jin et al. stated that platelet-to-neutrophil ratio
(PNR) was related to the 3-month prognosis of acute ische-
mic cerebral infarction and was an independent prognostic
protective factor [19]. The results of Hong et al. showed that
both PNR at admission and PNR 24 hours following intrave-
nous thrombolysis of ischemic stroke were associated with
poor prognosis at 3 months. The ROC analysis showed its
reliability as a prognostic index [20]. Our results suggested
that NPR could be used as a novel adverse prognostic indica-
tor in patients with AAD.

The occurrence of AAD is related to inflammation,
which stimulates the necrosis and apoptosis of smooth mus-
cle cells, causing the degradation of elastic tissue and aortic
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FIGURE 4: Nomograms of risk factors related to the prognosis of acute aortic dissection were constructed. (a) Nomogram for predicting
1-, 3-, and 5-year overall survival in patients with acute aortic dissection (AAD). (b) Calibration curve for predicting 1-, 3-, and 5-year
survival time in patients with acute aortic dissection. (c) The receiver operating characteristic curve (ROC) of 1-, 3-, and 5-year overall
survival was calculated. (d) The decision curve analysis (DCA) curves of different models for 1-, 3-, and 5-year overall survival
prediction were shown. TEAR: thoracic endovascular aortic repair; CM: conservative management; ST: surgical treatment.

dissection. C-reactive protein (CRP) and serum amyloid A
(SSA)—acute phase reactants in the serum—have been used
in the early diagnosis and prognosis of several diseases [21].
Wen et al. reported CRP as an important risk factor for
AAD and was associated with independent death during
hospitalization in patients with AAD [22]. In addition,
Yuchen et al. reported significantly high levels of SSA in
patients with AAD than in healthy controls. Thus, SSA was
an independent prognostic factor in patients with AAD dur-
ing hospitalization [23]. This study suggested that patients
with elevated NPR had a worse long-term prognosis; the
two-factor survival analysis showed that a high NPR had a
certain prognostic value in different types and treatment
methods. A high NPR implied a relatively higher neutrophil
value and higher inflammatory reaction, which is also con-
sistent with the progression of AAD promoted by inflamma-
tory reactions. Studies have shown that AAD stimulates the
release of chemokines in the adventitia of dissecting aorta to
mobilize neutrophils to recruit to peripheral blood [24]. In
addition, excessive neutrophil infiltration increases the
release of metalloproteinase 9, consequently promoting the
deterioration of the interlayer [25]. Platelets are known to
activate the coagulation system and thrombosis. The occur-
rence of AAD has been related to the activation of the coag-
ulation system. D-dimer, fibrinogen, and fibrin products
show important diagnostic and prognostic values in patients
with AAD [12, 26, 27]. AAD results in the formation of
hematomas, causing platelet activation and adhesion to the
torn vessel wall. Activated platelets release platelet particles
to recruit the inflammatory cells and interact with the acti-

vated platelets, further aggravating vascular inflammation
and causing tissue damage [28]. The interaction between
neutrophils and platelets, on the one hand, promotes the
inflammatory reaction during thrombosis; on the other
hand, it results in the consumption of platelets. Neutrophils
are recruited from the bone marrow to the peripheral blood,
leading to a change in NPR. Overall, these results suggest
that NPR is clinically significant in the development of
AAD. Combined NPR with Stanford typing analysis indi-
cated that AAD patients with high NPR and TAAD pre-
sented the worse overall survival than patient with low
NPR and TAAD. This may signal that it is important to
pay attention to the changes of thrombus inflammation in
the treatment of TAAD patients. Multiple studies have high-
lighted the critical role of inflammation pathways and plate-
let activation in the progression of AAD [29-31]. This
suggests that inhibition of inflammation and platelet activa-
tion may be a novel therapeutic strategy to improve the
long-time survival of AAD patients in the future.

The levels of neutrophils and platelets are routine items
in the clinic and can be easily obtained. To further facilitate
the application of NPR in clinical evaluation, a nomogram
was constructed by combining age, classification, and treat-
ment methods, which are independently related to the over-
all survival time of AAD. ROC and DCA analyses confirmed
the reliability of the nomogram as a prognostic index.

This study still had certain limitations. First, this study
was based on single-center clinical research. Further multi-
center research is conducive to enhancing the credibility of
the results. Second, this study was based on a retrospective
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study; a prospective cohort study in the recent 10 years will
be more helpful to verify the prognostic value of NPR in
AAD.

5. Conclusion

NPR is a routine and easily accessible inflammatory bio-
marker in the clinical detection of AAD. This study showed
that a high NPR value can serve as an independent adverse
risk factor for the long-term prognosis of AAD. Nomogram
constructed in combination with NPR, age, classification,
and treatment is conducive to the hierarchical management
of patients.
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