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Abstract
Background: Neutrophil counts are increased in aortic dissection (AD) patients. However, the diagnostic
value of neutrophil counts has not been validated.

Methods: Patients with suspected AD from two clinical centers were retrospectively enrolled from
01/07/2011 to 30/06/2021. Clinical characteristic data, including history, onset time, diagnosis, and
neutrophil counts, were collected.

Results: A total of 198 of 534 (37.1%) patients were diagnosed with AD. The neutrophil counts were
signi�cantly higher in AD patients during the 2 to 24-hour interval after symptom onset. In this time
window, increased neutrophil counts had a sensitivity of 95.6%, speci�city of 56.1%, negative likelihood
ratio of 0.08, and negative predictive value of 95.6%.

Conclusions: Neutrophil counts may be useful in risk strati�cation of patients to rule out aortic dissection
if used within 2-24 hours after symptom onset.

Introduction
Aortic dissection (AD) is a potentially devastating cardiovascular disease worldwide. However, given the
low incidence of AD (2.5 to 3.5 cases per 100,000 person-years), the diagnosis of this disease remains
relatively di�cult in acute settings [1, 2]. As a result, validated clinical strategies beyond clinical judgment
are needed to manage patients with suspected AD.

The aortic dissection detection (ADD) risk score combined with the D-dimer level is currently widely used
as a clinical tool to estimate the risk of AD [3-5]. However, the measurement of D-dimer levels requires a
relatively time-consuming test that may not be available in every acute setting. Neutrophil counts are
indicators of in�ammation that have been used in the clinic for a long time, and it is easy to obtain these
numbers quickly. Neutrophil counts (or neutrophil to lymphocyte ratios) were found to be increased in
acute aortic dissection patients and to be related to disease prognosis [6-9]. However, those research
articles only compared the white blood cell status between AD patients and normal patients (or chronic
aortic aneurysm patients). This control group is not representative of high-risk patients in acute settings.
As a result, the aim of our study was to con�rm that neutrophil counts can be used a new diagnostic tool
and to try to replace the use of D-dimer levels to some extent.

Methods
Patient selection and study population

This was a retrospective diagnostic accuracy study, and all suspected AD patients in the Kowloon East
Hospital cluster, including United Christian Hospital and Tseung Kwan O Hospital, were included.
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From 07/01/2011 to 30/06/2021, patients were included in the AD registry if they met all the following
criteria, which were similar to those previously used in the IRAD-Bio study [10]: su�ciently high suspicion
of AD to cause the evaluating physician to order computed tomography aortogram (CTA) to identify the
presence or absence of AD. The exclusion criteria were as follows: (1) no neutrophil counts recorded
before invasive treatments; (2) age <18 years old; (3) cardiac arrest occurred before blood tests; (4) recent
history of major trauma; and (4) risk of neutropenia, including that due to chemotherapy, hematology
disease, etc. The standard data entry form included information about patient demographics, history,
onset time, presentation, physical �ndings, and imaging study results. The study protocol conformed to
the ethical guidelines of the 1975 Declaration of Helsinki. The District Ethics Boards approved the study
(KC/KE-21-0222/ER-1). 

Clinical risk score

The clinical information relevant to the ADD risk score was obtained from AED notes, admission notes,
and investigation forms. The data not reported in the charts were assigned a negative result by default.

The conditions considered to predispose a patient to ADD were as follows: (1) history of Marfan
syndrome or other connective tissue disease, (2) family history of aortic disease, (3) history of known
aortic valve disease, (4) history of recent aortic manipulation, and (5) history of known thoracic aortic
aneurysm.

The pain features associated with ADD were as follows: (6) abrupt pain onset, (7) severe pain intensity,
and (8) pain similar to ripping or tearing. For charts that reported a pain scale, the severity of pain was
de�ned with a numeric rating scale (NRS-11) of 7–10. For charts that did not report a pain scale, pain
severity was de�ned based on the explicit de�nition of severity recorded on the chart by the attending
physician or the administration of any opioid drug or ≥2 analgesic drugs.

The ADD physical �ndings were as follows: (9) pulse asymmetry or systolic blood pressure
differential ≥20 mm Hg between extremities, (10) focal neurological de�cit, (11) new murmur of aortic
insu�ciency, and (12) shock state or hypotension (systolic blood pressure ≤90 mm Hg).

The ADD risk score was calculated based on the number of categories where at least one risk marker was
present[3]. As stated in the European Society of Cardiology (ESC) guidelines[5], patients were divided into
low probability (ADD risk score≤1) and high probability (ADD risk score >1) groups. 

Neutrophil counts

Neutrophil counts were measured with an automated hematology analyzer (XN-3000, Sysmex Corp.,
Hyogo, Japan), and the normal range was 1.5~6.2*109/L. If patients were subjected to serial blood tests
to measure neutrophil counts, the earliest neutrophil count was recorded.

Statistical analysis
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Continuous variables are expressed as proportions, and continuous data are expressed as the mean and
standard deviation (SD); categorical variables were compared using the two-sided chi-square test or,
when appropriate, the two-sided Fisher’s exact test. Comparison of normally distributed continuous
variables between two groups was performed using the unpaired, two-sided Student’s t test or paired
sample t test (in paired samples).

The diagnostic value of neutrophil counts (cutoff value: 6.2*109/L) was assessed by calculating the
sensitivity, speci�city, negative and positive predictive values (NPV and PPV) and negative and positive
likelihood ratios (NLR and PLR) with their 95% con�dent interval (95% CI) for all patients.

p-values were two-sided, and a P value lower than 0.05 was considered statistically signi�cant. Analyses
were performed with the SPSS statistical package (version 24.0, SPSS Inc., Chicago, Illinois).

Results
Clinical characteristics of the study population

During the study period, 736 patients were evaluated for suspected AD, and 534 patients were enrolled in
the study. Among the 534 patients (mean age 65.2±14.6 years, 69.2% males), 198 (37.1%) had a �nal
diagnosis of AD; among these patients, 122 (61.6%) patients had type A AD, and 75 (37.8%) patients had
type B AD.

Of the 336 (62.9%) patients in whom AD was ruled out, 105 (31.3%) had acute coronary syndrome, 2
(0.6%) had pulmonary embolism, 140 (41.7%) had atypical chest pain, and 89 (26.5%) had other
diagnoses. The clinical characteristics, past medical histories and prevalence of ADD risk markers in
patients in the AD group and control group are presented in Table 1.

Female sex, high heart rate, histories of diabetes, ischemic heart disease, and stroke were more frequently
observed in the control group. Predisposing conditions and pain features were more often observed in
patients with AD. However, pulse de�cits were more frequently reported in the control group.

The distribution of time intervals between symptom onset and blood collection in these patients was also
calculated and is shown in Table 2. A total of 32.3% of AD patients had blood drawn within 2 h of
symptom onset, and a total of 77.7% of AD patients had blood drawn within 24 h. In contrast, 25.3% of
non-AD patients had blood drawn within 2 h of symptom onset, and a total of 71.7% of AD patients had
blood drawn within 24 h. 

ADD risk score

The results of the ADD risk score are shown in Table 3. A low probability was observed in 65.6% of AD
patients versus 75.0% of non-AD patients. In contrast, a high probability was more frequently observed in
AD patients (34.3% vs. 25.0%, P=0.021). 
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Diagnostic performance of neutrophil counts

The sensitivity and speci�city of neutrophil counts (cutoff: 6.2*109/L) in the general study population
were 69.2% (95% con�dence interval (CI) 62.2-75.4) and 56.0% (95% CI 50.5-61.3), respectively. The
negative and positive predictive values (NPV/PPV) of neutrophil counts for AD were 75.5% and 48.1%,
respectively, while the negative and positive likelihood ratios (NLR/PLR) of neutrophil counts were 0.55
and 1.57, respectively.

Because of the low sensitivity for AD diagnosis, further data analysis according to time intervals was
performed. Figure 1 shows increased neutrophil counts in both the 2-8 hour (h) time interval and the 8-24
h time interval (both P<0.001), and there were no statistically signi�cant differences between AD and
control patients in other time intervals.

The sensitivity and speci�city in the 2-8 h interval were 94.8% (95% CI 84.7-98.6) and 59.4% (95% CI 50.0-
68.4), respectively, and similar sensitivity and speci�city were observed in the 8-24 h interval group (96.9%
and 45.0%, respectively) (Table 4). 

Diagnostic value of the ADD risk score with neutrophil count

We combined the 2-8 h and 8-24 h groups into a new group (the 2-24 h group), with a sensitivity of 95.6%
(95% CI 88.4-98.6), a speci�city of 56.1% (95% CI 47.9-63.9), a NPV of 98.6%, a NPV of 55.5%, a NLR of
0.08, and a PLR of 2.71. Further analysis of the ADD risk scores was carried out in patients with data in
the a 2-24 h time interval (Table 5).

The sensitivity and speci�city of high probability (ADD>1) in patients in the 2-24 h interval were relatively
low, 34.3% (94% CI 27.8-41.5) and 75.0% (95% CI 69.9-79.5), respectively. The sensitivity and speci�city of
neutrophil counts in low-probability patients were 94.6% (95% CI 84.2-98.6) and 52.3% (95% CI 42.1-61.9),
respectively.

According to the ADD risk score, patients with AD who had either a low probability score or a high
probability score showed signi�cantly increased neutrophil levels compared to non-AD patients in the
same risk group (Figure 2a).

The diagnostic value of neutrophil counts alone and neutrophil counts combined with the ADD risk score
is presented in Table 5. The area under the curve (AUC) of the ROC analysis was 0.82 (95% CI 0.76-0.87,
P<0.001) for neutrophil counts in all the 2-24 h interval study groups (Figure 2b, cutoff level of 6.2*109/L,
with a sensitivity of 95.6% (95% CI 88.4-98.6), speci�city of 56.1% (95% CI 47.9-63.9), NPV of 95.6% and
failure rate of 4.3%). In the low probability group (Figure 2c), the AUC was 0.80 (95% CI 0.73-0.87,
P<0.001, sensitivity of 94.6% (95% CI 84.2-98.6), speci�city of 52.3% (95% CI 42.1-61.9), NPV of 95.0%
and failure rate of 5.0%). In the high probability group (Figure 2d), the AUC was 0.84 (95% CI 0.77-0.92,
p<0.001, sensitivity of 97.1% (95% CI 82.9-99.8), speci�city of 62.5% (95% CI 47.3-75.7), NPV of 96.7%
and failure rate of 3.3%). 
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Neutrophil count subanalyses according to the diagnosis of non-AD patients, type of dissection, and
serial time interval change

Fig. 3 shows that the neutrophil counts in patients with AD were signi�cantly higher than those in
patients with acute coronary syndrome, atypical chest pain, or other diagnoses in the 2-24 h interval
(neutrophil counts 11.7±5.4, 7.4±3.6, 6.3±2.9, 7.7±3.9, respectively). All P<0.001).

Neutrophil counts were also analyzed in patients with type A/B AD (Supplement Figure 1, Supplement
Table 1). There was no signi�cant difference in the neutrophil counts between patients with type A and B
AD.

We further observed the trends in neutrophil counts among patients who had blood drawn multiple times
to measure neutrophil counts. Twenty AD patients had neutrophil counts in both the 0-2 h and 2-24 h time
intervals. The neutrophil counts increased from 6.4±3.4 (0-2 h) to 10.3±4.3 (2-24 h), with P<0.001 (Fig. 4).

Another 25 patients with AD had neutrophil counts at both the 2-24 h and >24 h time intervals. These
neutrophil counts were similar (9.9±4.1 vs. 9.7±3.5, P=0.79, Suppl. Fig. 2).

Discussion
The results of this study suggested that neutrophil counts were higher in patients with AD during the time
interval of 2–24 hours after symptom onset and may be used as an easily available biomarker to
differentiate AD from other diseases. Within this time window, neutrophil counts ruled out aortic
dissection with an NPV of 95.6% and a failure rate of 4.4%. This e�ciency in ruling out aortic dissection
remained static across groups with different ADD risk scores.

Several studies have indicated that the in�ammatory response may play a critical role in AD initiation and
progression[8, 11–14]. However, previous research mainly focused on the role of neutrophil counts in AD
prognosis [8, 15–17] but not in AD diagnosis. In addition, the neutrophil/lymphocyte ratio (NLR) was
commonly found to be increased in AD patients [15, 16, 18], but these studies used unsuitable control
groups (healthy individuals), thus minimizing the e�ciency. Zhang et al. used the neutrophil/lymphocyte
ratio (NLR) as a tool for diagnosing AD-suspicious patients[9] but still faced some di�culty in calculating
the ratio.

In a recent multicenter retrospective study, we measured the neutrophil counts of over 500 patients with
suspected AD who underwent CT aortogram and used non-AD patients as the control group. The
relatively large number of patients allowed us to perform subgroup analysis. One of the most important
discoveries was that the neutrophil counts increased signi�cantly 2 h after symptom onset and then
decreased after 24 hours. Thus, we mainly focused on neutrophil counts in the 2–24 h time window. This
may be the main reason why previous studies overlooked the diagnostic value of neutrophil counts.

According to our results, neutrophil counts peaked 2–24 hours after symptom onset. As expected, the
neutrophil counts showed good ability to discriminate AD, with an AUC above 0.8, sensitivity of 95.6%
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and speci�city of 56.1%. The neutrophil counts were similar in patients with different types of AD and
different ADD scores. Compared with previous studies [10, 19, 20], neutrophil counts were associated with
mildly lower sensitivity and better speci�city. Therefore, neutrophil counts may replace D-dimer levels in
AD diagnosis within the 2–24 h time window.

There were major limitations in our research regarding this time window. The 2–24 h time window
covered only approximately 45% of patients with suspected AD. Moreover, patients may not clearly
remember the exact time of onset, and thus, it may not be possible to clearly elucidate the time interval.

Neutrophils were found in the aorta adventitial, and they were present there before 12 hours, peaked
between 12 and 24 hours and were rarely found after 2 days [12]. These �ndings were partially supported
by our results. In animal models, acute AD triggers CXCL1 and G-CSF expression in the adventitia of the
aorta, leading to increased circulating CXCL1/G-CSF levels. These chemokines promote the mobilization
of neutrophils from the bone marrow to the peripheral blood [21, 22]. Some time may be required for
these chemical signals to recruit neutrophils to the blood. As a result, neutrophil counts remain static in
the �rst 2 hours after symptom onset. The in�ammatory response gradually decreases after the peak,
and neutrophil counts return to normal.

In addition, the sensitivity of neutrophil counts is relatively lower than that of D-dimer levels [10, 19, 20].
D-dimer is derived from the degradation of �brin in the false lumen of the aorta [23], which occurs
immediately and directly after dissection and persists for days [24]. Compared with D-dimer levels,
neutrophil counts are indirect indicators of AD and have less sensitivity.

Conclusion
A new approach that uses neutrophil counts within 2–24 h after symptom onset is of great value for
ruling out aortic dissection during diagnostic work-up.

Abbreviations
aortic dissection (AD), aortic dissection detection (ADD)
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 Patients demographics and prevalence of the ADD risk markers  
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  Overall

(n=534, 100%)

AD

(n=198, 37.1%)

Non AD

(n=336, 62.9%)

P

Demographic        

Age (years) 65.2±14.6 66.0±15.1 63.7±13.8 0.07

male 326 (61.0%) 136 (69.2%) 190 (56.5%) 0.005

Systolic blood pressure (mmHg) 146.7±40.8 143.5±42.6 148.7±39.5 0.10

Heart rate (bpm) 79.6±19.4 75.8±18.9 81.9±19.4 <0.001

Past medical histories        

Arterial hypertension 253 (47.4%) 88 (44.4%) 165 (49.1%) 0.25

Diabetes 76 (14.2%) 17 (8.6%) 59 (17.6%) 0.004

Hyperlipidemia 60 (11.2%) 18 (9.1%) 42 (12.5%) 0.22

Ischemic heart disease 56 (10.5%) 6 (3.0%) 50 (13.9%) <0.001

stroke 29 (5.4%) 5 (2.5%) 24 (7.1%) 0.023

         

ADD risk marker        

Predisposing condition 49 (5.2%) 27 (13.6%) 22 (6.5%) 0.007

Marfan 7 (1.3%) 5 (2.5%) 3 (0.9%) 0.15

Family history of aortic disease 2 (0.4%) 2 (0.1%) 0 (0%) 0.14

Known aortic valve disease 3 (0.6%) 1 (0.1%) 2 (0.1%) 0.69

Recent aortic manipulation 24 (4.5%) 12 (6.1%) 12 (3.6%) 0.20

Known thoracic aortic aneurysm 17 (3.2%) 10 (5.1%) 7 (2.1%) 0.06

Pain features 395 (74.0%) 156 (78.8%) 239 (71.1%) 0.051

Abrupt onset of pain 345 (64.6%) 137 (69.2%) 208 (61.9) 0.09

Severe pain intensity 257 (48.1%) 100 (50.5%) 157 (46.7%) 0.40

Ripping or tearing pain 25 (4.7%) 12 (6.1%) 13 (3.9%) 0.25

Physical �ndings 158 (29.6%) 60 (30.3%) 98 (29.2%) 0.78

Pulse de�cit or SBP differential 83 (15.5%) 22 (11.1%) 61 (18.1%) 0.03

Focal neurological de�cit 39 (7.3%) 17 (8.6%) 21 (6.3%) 0.32

Murmur of aortic insu�ciency 2 (0.3%) 2 (1.0%) 0 (0%) 0.14
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Hypotension or shock state 47 (8.8%) 24 (12.1%) 23 (6.8%) 0.04

Table 2

 Patients distribution of time intervals between symptoms onset and bloods taken 

 

Time

Overall

(n=534, 100%)

AD

(n=198, 37.1%)

Non AD

(n=336, 62.9%)

0-2h 149 (27.9%) 64 (32.3%) 85 (25.3%)

2-8h 174 (32.6%) 58 (29.3%) 116 (34.5%)

8-24h 72 (13.5%) 32 (16.2%) 40 (11.9%)

24h-7 days 94 (17.6%) 27 (13.6%) 67 (19.9%)

> one week 45 (8.4%) 17 (8.6%) 28 (8.3%)

Merge group      

2-24h 246 (46.1%) 90 (45.4%) 156 (46.4%)

>1d 139 (26.0%) 44 (22.2%) 95 (28.3%)

Table 3

 ADD risk score in the study population

ADD risk score Overall

(n=534, 100%)

AD

(n=198, 37.1%)

Non AD

(n=336, 62.9%)

0 48 (9.0%) 14 (7.1%) 34 (10.1%)

1 334 (62.5%) 116 (58.6%) 218 (64.9%)

2 148 (27.7%) 65 (32.8%) 83 (27.4%)

3 4 (0.7%) 3 (1.5%) 1 (0.3%)

Low probability (score≤1) 382 (71.5%) 130 (65.6%) 252 (75.0%)

High probility (score>1) 152 (28.5%) 68 (34.3%) 84 (25.0%)

Table 4

Diagnostic accuracy of neutrophil count (cutoff 6.2*109/L) in patient groups 
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  Sensitivity % CI Speci�city % CI PLR NLR PPV NPV

overall 69.2 (62.2-75.4) 56.0 (50.5-61.3) 1.57 0.55 48.1 75.5

0-2h 45.3 (33.0-58.2) 63.5 (52.3-73.5) 1.24 0.86 48.3 60.7

2-8h 94.8 (84.7-98.6) 59.4 (50.0-68.4) 2.34 0.09 53.9 95.8

8-24h 96.9 (82.0-99.8) 45.0 (29.6-61.3) 1.76 0.07 58.5 94.7

1-7d 59.3 (39.0-77.0) 51.5 (39.1-63.6) 1.22 0.79 32.7 76.1

>1w 35.3 (15.3-61.4) 50.0 (31.1-68.9) 0.71 1.29 30.0 56.0

Table 5

 Diagnostic performance of Neutrophil at a cutoff value of 6.2 according to ADD risk score in patients
with 2-24h after symptoms onset 

Patients Sensitivity % CI Speci�city % CI PLR NLR PPV NPV

All with high neutrophil 95.6 (88.4-98.6) 56.1 (47.9-63.9) 2.71 0.08 55.5 95.6

ADD>1 34.3 (27.8-41.5) 75.0 (69.9-79.5) 1.37 0.87 44.7 66.0

ADD≦1with high neutrophil 94.6 (84.2-98.6) 52.3 (42.1-61.9) 1.98 0.10 50.4 95.0

ADD>1 with high neutrophil 97.1 (82.9-99.8) 62.5 (47.3-75.7) 2.58 0.05 64.7 96.7

Figures
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Figure 1

Time course box plots of neutrophil levels in patients according to time from symptom onset
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Figure 2

Neutrophil counts according to the AAD risk score in the 2-24 hr time interval group (a), curve analysis
showing the diagnostic value of neutrophil counts for identifying patients with AD among the total
patient population (2-24 h interval) (b) and in those with low probability scores (c) and high probability
scores (d).

AUC: area under the curve; CI con�dence interval
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Figure 3

Box plots of neutrophil counts in patients with different diagnoses according to time interval
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Figure 4

Neutrophil counts in 25 patients with serial neutrophil results (<2 h and 2-24 h)
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