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32Abstract

330bjective: Investigating potential predictors of aortic dissection development in high-risk hypertensive
34patients with obstructive sleep apnea syndrome (OSAS).
35Methods: Hypertensive patients with aortic dissection, admitted to hospital between January 2010 and July

362020, was diagnosed with OSAS by overnight sleep study with polysomnography (PSG).

37Results: Male was liable to aortic dissection compared to female in both groups ( 84.7% and 86%

38respectively ) .There were actually significant differences with regard to neutrophil to lymphocyte ratio

39(NLR), platelet to lymphocyte ratio (PLR), mean platelet volume (MPV) / platelet count (PLT) ratio and D-
40dimer that we concerned about and were of great value in aortic dissection as previously reported. As
41multivariable regression analysis revealed, NLR (odds rate [OR], 2.258, 95% confidence interval [CI],
421.464-3.482, P<0.05), MPV/PLT (OR, 2.743, 95%CI, 1.713-4.392, P<0.05) and apnea and hypopnea index
43(AHI) (OR, 1.746,95% CI, 1.225-1.320, P<0.05) were all independent risk factors for aortic dissection.
44receiver operating characteristic curves analysis of NLR, MPV/PLT, AHI and combination of indicators for
45aortic dissection revealed combination of NLR, MPV/PLT ratio and AHI is of outstanding predictive value
46with sensitivity of 0.904 and specificity of 0.847. At the thresholds of 4.41 for NLR and 5.14 for MPV/PLT
47and 35.95 for AHI, 87.5% of all studied patients were expected to be correctly diagnosed with regard to
48aortic dissection.

49Conclusion: Inflammation, platelet alteration is crucial for initiation and progression of aortic dissection.
50Combined detection of NLR, MPV/PLT ratio and AHI could assist sleep physicians to identify clinically

S51silent or potential aortic dissection in patient comorbidity OSAS and hypertension.
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53Abbreviation:

54AD: aortic dissection

55AAD: acute aortic dissection

56AHI: apnea and hypopnea index

57AUC: area under curve

58BMI: body mass index

59CPAP: continuous positive airway pressure
60CRP: C-reactive protein

61FDP: fibrinogen degradation product
62LC: lymphocyte count

63LC%: lymphocyte percentage

64MPV: mean platelet volume

65MPV/PLT ratio: mean platelet volume/platelet count)
66NE%: neutrophil percentage

67NLR: neutrophil to lymphocyte ratio
680SAS: Obstructive sleep apnea syndrome
69PDW: platelet distribution width

70PLR: platelet to lymphocyte ratio

71PLT: platelet count

72PSG: polysomnagraphy

73ROC: receiver operating characteristic

74WBC: white cell count




75Introduction
76  Obstructive sleep apnea syndrome(OSAS) is a common clinical condition , which is characterized by

77apnea or hypopnea with recurrent collapse of upper airway tract during sleep, mainly shortening sleep
78duration and lowering sleep quality through intermittent hypoxia, fragmentation and other
79pathophysiological mechanisms!".The reason for so much attention paid to OSAS by clinicians and
80researchers is that OSAS has yielded various complications including cognitive impairment, cardiovascular
81disease, pulmonary disease, endocrine dysfunction, and neuropsychiatric problem*®*,among which
82cardiovascular diseases are given top priority due to higher incidence, acute onset and worse prognosis. In
83recent years, prevalence and lethal outcome of comorbidity of OSAS and aortic dissection(AD) arouse more
84and more attention from clinicians and researchers®”.,

85 Aortic dissection is a life-threatening emergency lacking effective therapeutic medication remedies up

86to now. It derives from a tear in the intimal layer of aorta resulting in the entry of blood to the space between

87the intima and media , which is usually accompanied with the classic symptoms ‘“severe tear pain”

88described by the suffered patients on the onset of acute aortic dissection. Compared to acute aortic
89dissection,the symptoms and prognosis of chronic aortic dissection usually are slightly better. The majority
900f patients with acute aortic dissection (AAD) have died even before they reach the emergence room. As a
91wealth of study indicates, the patients of aortic dissection missed optimal medical treatment and instant
92rescue have a mortality rate of 50-68% during the first 48 hours after onset, with a mean mortality of up to
931% per hour, and reaches as high as 90% within 3 months from occurrence 1*.

94 Recently, more and more observational studies have demonstrated a high prevalence of previously

O-11 Lack of effective indicators for identification is

95undiagnosed OSAS in patients with aortic dissection
96responsible for the tragedy, which motivates us to investigate the underlying relation between them.As is
97reported, the prevalence of OSAS is up to 80% in case of refractory hypertension!'?. While hypertension,
98especially refractory hypertension, is a corroborated independent risk factor associated with aortic
99dissection, whether initiation or progression. Constant hypertension will exert persistent transmural pressure
1000n aortic wall, which is likely to exacerbate aortic dissection further to rupture on account of huge shear
101stress. Thus, there may be shared pathogenesis in incidence and development of secondary hypertension and
102aortic dissection in patients with OSAS given the intimate connection among them. Endothelial dysfunction

1030f aorta wall and subsequent atherosclerosis, increased negative intrathoracic pressure and shear stress,

104secondary hypertension and vulnerable aortic medial structure brought about by OSAS maybe major
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105contributors to the emergence of aortic dissection ',

106 Up till now, former researches demonstrated that several significant predictive factors could be applied

107to evaluate prognosis and mortality of hospitalized patients with aortic dissection including neutrophil to

108lymphocyte ratio(NLR)!"*,platelet to lymphocyte ratio ( PLR ) ! D-dimer!% fibrinogen degradation

109product(FDP)!'"*C-reactive protein(CRP)!"®.Inspired by this, we hypothesize that these significant, readily
110available and inexpensive serum markers will help facilitate identification of potential aortic dissection from
111high-risk hypertensive patients with OSAS. Additionally, arterial hypertension is a determined risk factor for
112aortic dissection and, on the other hand, several studies have shown OSAS to be widely prevalent in
113hypertensive patients ', thus a control group of hypertensive patients was included.

114METHODS

115Patient selection

116 Study group: Hypertensive patients with aortic dissection, admitted to the Department of Cardiac surgery,

117First Affiliated Hospital of Xiamen University between January 2010 and July 2020, was diagnosed with

1180SAS by overnight sleep study with polysomnography ( PSG ) , were recruited(n=94).Inclusion criteria

119were as follows: first admission after the onset of aortic dissection symptoms , hypertension diagnosed after

120admission or with hypertension history.
121 Control group: Hypertensive patients(n=85) well-matched age, gender, BMI and other baseline

122characteristics with study group, was diagnosed with OSAS by overnight sleep study with

123polysomnography ( PSG ) ,were chosen from sleep center in our hospital during the same time range with

124study group. Inclusion criteria were as follows: hypertension diagnosed after admission or with hypertension
125history.

126 The common exclusion criteria of two groups were as follows: age less than 10 or more than 80, chronic
127respiratory diseases, recent history of neoplasm, autoimmune disease, infectious disease, systemic
128inflammatory disease, acute renal failure, acute limb ischemia, patients with unstable hemodynamics,
129hypoxemia, myocardial ischemia/infarction, conscious disturbance, pericardial tamponade, and paraplegia.
130 Baseline characteristics of patients in two groups were collected once admission, including age,

131male/female, height, weight, history of diabetes mellitus, smoking, drinking. For all patients, body mass
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132index (BMI, kg/m?*) was calculated as the weight(kg) divided by height* (m?).

133 This study complied with the Declaration of Helsinki, and the study protocol was approved by the
134Human Ethical Committee of the First Affiliated Hospital of Xiamen University. All participants in this
135study provided written informed consent.

136Diagnosis of aortic dissection

137 The diagnosis of aortic dissection was based on morphological findings by enhanced computer
138tomographic (CT) scan with or without typical clinical symptoms including a sudden onset of severe chest
139pain, back pain radiating to the neck or shoulders.

140Polysomnography

141 PSG consisted of recordings of electroencephalogram (EEG, C4/Al1 and C3/A2), right and left
142electrooculogram (EOG), submental electromyogram (EMG), and electrocardiogram (ECG), chest and
143abdominal excursion, airflow (detected by a nasal-oral thermocouple and oxygen saturation (SaO2) by
144finger pulse oximetry. Apnea was defined as the cessation of airflow through nose and mouth for a period of
145longer than ten seconds. Hypopnea was defined as a reduction in thoracic and abdominal movements to 50%
1460r less associated with at least a 4% fall in oxygen saturation. The apnea-hypopnea index (AHI) was defined

147by the number of events per hour of recording.
148Hematological parameters

149 For patients in control group, blood samples were obtained in the morning after overnight PSG

150examination , for the study group , within 24 hours after admission. All blood samples sent within 1 hour

151after venipuncture to avoid alterations in parameters with prolonged storage at room temperature. The

152biochemical parameters include white cell count(WBC) , neutrophil percentage(NE%),lymphocyte

153count(LC#)and percentage(LC%),platelet count(PLT), mean platelet volume(MPV) , platelet distribution

154width(PDW),C-reactive protein (CRP), fibrinogen degradation product (FDP),and D-dimer were evaluated.
155Some indicators were calculated by investigator such as NLR (neutrophil to lymphocyte ratio), PLR (platelet
156to lymphocyte ratio), MPV/PLT ratio (mean platelet volume/platelet count).

157Data statistics

158 Quantitative variables are presented as meantstandard deviation if normally distributed,
159mean(interquartile range) if abnormally distributed. Continuous variables were compared by means of

160Student’s t-test for normally distributed data, and nonparametric Mann—Whitney U test for abnormally
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161distributed data. Categorical variables were compared by chi-square tests. Multiple liner regression was used
162to test multicollinearity, binary logistic regression analysis was used to determine independent risk factor for
163aortic dissection, controlling for potential confounders. A receiver operating characteristic curve analysis

164was performed to investigate the predictive performance of variables according to the logistic regression

165analysis model , alone and as a bundle. Data analysis was performed using SPSS Statistics for Windows,

166Version 20.0 (SPSS Inc., Chicago, Illinois, USA).

167

168Results

169 Baseline characteristics for two groups are presented in Table 1. As expected based on matching

170criteria ,no significant difference was observed between two groups for demographic data and clinical

171history. Male was liable to aortic dissection compared to female in both groups ( 84.7% and 86%

172respectively ) .The majority of patients in both groups were accompanied with tobacco use, drinking and

173glucometabolic disorder, however, no significance difference was found between groups with regard to
174clinical history.

175 Table 2 illustrates the results of logistic regression analysis concerning biochemical variables and AHI
1760f two groups. WBC and CRP as traditionally classic inflammatory indexes showed no significant
177difference between two groups, even though patients with aortic dissection had higher level of WBC and
178CRP in comparison with control group(7.63+1.71 versus 7.24+1.49,p=0.114,5.89(1.81) versus
1794.21(2.39),p=0.833,respectively). We also found lower PLT in study group compared to control group, but
180with no significant difference between them(167.22+30.35 versus 173.23+39.93,p=0.263).The percentage of
181neutrophil and lymphocyte as WBC subtype showed significant difference between two groups, as well as
182lymphocyte count. Of note, there were actually significant differences with regard to NLR,PLR,MPV/PLT
183ratio and D-dimer that we concerned about and were of great value in aortic dissection as previously
184reported.

185 To get what were related independently with aortic dissection, we conducted binary multivariate logistic
186regression analysis. As Table 3 showed, NLR (OR, 2.258, 95%CI, 1.464-3.482, P<0.05), MPV/PLT (OR,
1872.743, 95%Cl, 1.713-4.392, P<0.05) and AHI (OR, 1.746, 95%CI, 1.225-1.320, P<0.05) were all
188independent risk factors for aortic dissection. To evaluate predictive performance of indicators selected from
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189logistic regression analysis, we plotted the ROC curves with them, individually and as a bundle for
190combination. AUC value and cut-off value, sensitivity and specificity got from Youden index were showed
191Table 4. ROC curves analysis of NLR, MPV/PLT, AHI and combination of indicators for aortic dissection
192revealed that AUC value of 0.782 (95%CI, 0.715-0.848, P<0.01),0.783(95%CI, 0.717-0.849, P<0.01), 0.838
193(95%ClI, 0.781-0.896, P<0.01), 0.93(95%CI, 0.892-0.967, P<0.01), respectively. (Figure 1)

194 Individually analyzed, MPV/PLT ration showing excellent predictive performance of AD displayed
195perfect sensitivity of 1.00 but relatively lower specificity of 0.424, AHI with sensitivity of 0.713 but higher
196specificity of 0.843 showing the higher value in ruling out AD. Similar to AHI, NLR also presented
197relatively better specificity. Of note, combination of NLR, MPV/PLT ratio and AHI is of outstanding
198predictive value with sensitivity of 0.904 and specificity of 0.847. At the thresholds of 4.41 for NLR and
1995.14 for MPV/PLT and 35.95 for AHI, 87.5% of all studied patients were expected to be correctly
200diagnosed with regard to aortic dissection.

201DISCUSSION

202  Obstructive sleep apnea syndrome (OSAS) is closely associated with arterial hypertension, which is a
203mainly independent risk factor for aortic dissection *!. And an increasing number of reports have verified

1 Saruhara et al. showed that patients

204the prevalence of patients comorbidity OSAS and aortic dissection!
205with aortic diseases frequently suffered from moderate to severe OSAS and recommended that screening for
2060SAS may be helpful for early detection of patients with aortic diseases®’).Gabriel et al. also suggested
207patients of aortic dissection, specially complaining of severe snoring and unrefreshing sleep, should be
208considered to take the PSG examination in their clinical management!'”). As we know, repetitive episodes of

209apnea and hypopnea which is measured by AHI to evaluate severity of OSAS frequently occur during sleep

210duration of OSAS patients every night and will increase gradually due to be undiagnosed or misdiagnosed.

211 As of now, it has been unclear about the underlying mechanism implicated in the association of OSAS
212and aortic dissection, while there are some hypotheses yet. Inspiratory effort to restore ventilation against
2130ccluded airway contributes to a series of neurohumoral alteration through pathophysiological mechanisms
214such as intermittent hypoxia, hypercapnia, increased negative intrathoracic pressure and sleep fragmentation.
215We will discuss them in the following section. At first, hypoxia induced and subsequent arousal induced by
216apneic episode provoke sympathetic activation, which is demonstrated in both animal and human studies®*
217%),and it will motivate initiation and accelerate progression of hypertension. Thus, end-apneic arterial blood
218pressure repetitively surges and usually develops into refractory hypertension with resistance to common
219anti-hypertensive medication. At the same time, increased negative intrathoracic pressure can be observed
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220during OSAS. Suzuki M et al. suggested from their research that the negative end-apnoeic pressures were
221quantified in one in vivo study 53.6+2.9 cmH2O0 and peak pressure of 147.4 cmH20 4. Compared with

(3], The obvious pressure

222physiological inspiration pressure of around 5 to 8 cmH2O in healthy subjects
223difference produces an increase in transmural pressure across the aorta and shear stress of aortic wall, which
224could lead to impaired vascular function and propensity of dissection ' will arise as a consequence.
225Furthermore, chronic systematic inflammation, oxidative stress, endothelial dysfunction and atherosclerosis
226due to intermittent hypoxia during sleep duration of OSAS patients may be other factors responsible for
227aortic dissection.

228  All the mentioned pathophysiological mechanisms act as risk factors for aortic dissection characterized by
229high mortality and noted with the most frequent complications being recurrent dissection, aortic dilation and
230even abrupt aortic rupture. Accordingly, expeditious and accurate diagnosis as well as discrimination from
231high-risk population such as hypertensive patients with OSAS are of vital importance to curb the

232catastrophe. Some serum biochemical markers reportedly associated with prognosis of aortic dissection is

233hypothesized to be expected to be potentially ideal predictive indexes. So the present study is to explore the

234value of NLR,PLR,MPV/PLT,D-Dimer and AHI, which is readily and rapidly available , widely applied and

235inexpensive, to find the appropriate candidates for identifying aortic dissection from hypertensive patients
236with OSAS.

237 In our study, among all the hematological parameters with significant differences compared to control
238subjects, we selected some potential markers closely related with development or prognosis of aortic
239dissection in previous researches. However, logistic regression analysis revealed that NLR, MPV/PLT ration
240and AHI were all independent risk factors for aortic dissection getting rid of the confounding factors. ROC
241curve analysis demonstrated MPV/PLTA ration is characteristic with excellent sensitivity but lower
242specificity, while AHI holds satisfactory specificity. The AUC of combined prediction of NLR,MPV/PLT
243ratio and AHI for aortic dissection is 0.930 with sensitivity of 0.904 and specificity of 0.847.

244 Inflammation as a key pathophysiological feature plays an important role in the initiation and
245progression of aortic dissection "), The idea of chronic systemic inflammation is highly correlated with
246aortic dissection were also elucidated by former researches!®’?*!. Inflammation contributes partly to the
2470occurrence and progression of AD and local chronic inflammation causing aortic medial degeneration are

29-30

248involved in the pathophysiology of AD!*-%, It has been testified that traditional inflammatory hematological

249parameters such as white cell blood count (WBC)and C reactive protein (CRP) P'! as well as inflammation-
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250related cytokine and chemokine such as plasm interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), C-
251reactive protein (CRP), matrix metalloproteinase-9 (MMP-9) and endotoxins ! are found increased in acute
252aortic dissection. Similarly, Zhixuan Bai and his colleagues concluded from their study that pathological
253observation of the aortic tissue showed inflammatory cells infiltration and elastic fiber destruction, which
254destroy the aortic medial structural strength in the aortic dissection patients than aortic aneurysm ones ©*?1.
255Furthermore, ischemia and hypoxia of downstream organ caused by decreased blood perfusion due to false
256lumen formation in aortic dissection aggravate systemic inflammation.

257 Neutrophil to lymphocyte ratio (NLR) is newly recognized as a novel inflammatory marker that is easy
258to obtain, inexpensive and widely available, and seems to aid in risk stratification in cardiovascular disease,
259in addition to traditional markers 2%, Increased NLR implies higher inflammatory burden, which is a
260reflection of two different but complementary immune pathways. Lymphopenia is a predictor of adverse
261outcomes in chronic ischemic disease, heart failure, and acute coronary syndromes **. NLR combines the
262effect of nonspecific active inflammation by neutrophil and specific immune regulation by lymphocyte and
263tends to be a parameter more stable than other leukocytic parameter which is easily altered by hydration
264status and blood sampling. Of note, NLR is reported a predictor in the asymptomatic general population of
265cardiovasular patients across the spectrum of coronary artery disease including stable angina and acute
266¢coronary syndromes %, following elective or urgent revascularization (percutaneous coronary intervention
267and coronary artery bypass grafting , in heart failure as well as after repair of abdominal aortic aneurysms
268%7.In our study, NLR is significantly higher in study group and justified as an independent risk factor of
269aortic dissection, which is partially consistent with the former result which demonstrates NLR is higher in
270aortic dissection compared to chronic aortic aneurysm and health controls** Up till now, most researches
271focus on investigating NLR as long-term prognostic predictor of AD, and our study affirmed its significance
272o0n predictive assessment of aortic dissection from high-risk population, to our best knowledge, is firstly
273reported.

274 Active coagulation and fibrinolysis go all through the process of aortic dissection, in which platelet
275plays a pivotal role in every chain. Mechanical injury of the aorta results in release of tissue factors into the
276c¢irculation, which leads to activation of extrinsic pathway of the coagulation cascade and fibrinolytic system
277with subsequent thrombus formation within the false lumen**). Thrombocytopenia is a result presumably due
278to platelet consumption associated with enhanced fibrinolysis within the false lumen and inflammation
279motivation during aortic dissection!'”. Mean platelet volume (MPV) can reflect both PLT activation and low

280grade systemic inflammation, so it is also referred as a reflection of both proinflammatory and
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281prothrombotic conditions*”.Higher MPV, which could occur because of thrombosis and inflammation in
282AD, in conjunction with thrombocytopenia results in increased MPV/PLT ration. Similar to NLR, we think
283that MPV/PLT ratio is more reliable than platelet or MPV alone, which is more sensitive to prethrombotic

284status in initiation of aortic dissection. In our study, MPV/PLT differs significantly between groups and is

285also justified as an independent risk factor (OR,2.743, 95%CI, 1.713-4.392, P<0.05) in multivariate logistic

286regression analysis although the degree of platelet lowering in study group fail to attain the significant level.
287Milne AA et al reported that reduced PLT count and increased MPV values were found in unruptured
288abdominal aortic aneurysms!*!. Previous studies have demonstrated MPV/PLT as significant diagnostic and
289prognostic indicator for aortic dissection **!. These conclusions are all in tune with ours. As of note, D-dimer

290is a fibrin fragment whose elevation is induced by the coagulation cascade and associated with

291fibrinolysis , which is well recognized to be associated with various vascular diseases involved with

#1but its diagnostic

292thrombosis!*!. It has been reported recently to be applied in acute aortic dissection *
293accuracy is always restricted by fairly low specificity. So other alternatives for diagnosis with higher
294specificity is expected to be found, more researches are needed to testify the role of MPV/PLT played in
295aortic dissection.

296 OSAS is characterized by hypoxia and sleep fragmentation due to frequent arousals, which are the
297results from apnea or hypopnea. AHI signifies the total number of events of apnea and hypopnea per hour
298during sleep duration and proportional arousals or microarousals follow subsequently after every apneic
299episode, as a result, AHI is the most important index representing severity of OSAS.As is mentioned in the
300former content, sympathetic activation, increased intrathoracic pressure and transmural pressure of aorta,
301oxidative stress, endothelial dysfunction and atherosclerosis are all possible causative essentials for aortic
302dissection. Moreover, elastic fiber of aorta media could be injured by systemic inflammation and oxidative
303stress in patients with OSAS, which will give rise to medial degeneration and further to aortic dissection.
304Bai et al. found the uniaxial tensile test value for evaluating elastic fiber strength and medial degeration is
305negatively correlated with the serum and tissue homogenized concentration of IL-6 and TNF-a.In other
306words, OSAS is closely associated with aortic dissection and the intensity of aortic medial fiber is in
307negative relation with serum inflammatory cytokines®produced in OSAS patients. Although these
308pathophysiological hemodynamic and neurohumoral changes occur during sleep, their consequences persist

309for 24 h in fact*.
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310 As is mentioned above, we speculate that higher AHI will increase the risk of aortic dissection, which is
311demonstrated by the present study. We have shown that AHI is an independent risk factor for aortic
312dissection irrespective of other confounders. In addition, Gabriel Sampol et al affirmed that a higher AHI
313was found in patients with aortic dissection compared with a control group of hypertensive

314patients*®’ Mitsumasa Hata et al. suggested that sleep disorders are considered one of the risk factors for the

3150ccurrence of acute aortic dissection in patients of active ages!'” and advocate that timely and appropriate

316treatment is essential to prevent refractory hypertension and subsequent AD. Besides , Xuemin Zhang et al.

317conducted the study between the patients of Stanford’s Type B AD and the patients of suspected OSAS
318patients with similar symptoms, and they found that OSAS was independently associated with Stanford’s
319Type B AD (odds ratio 1.063, 95% confidence interval: 1.010-1.120; P=0.020) and in the follow-up
320prospective study, two patients developed finally into aortic dissection and both of them had serious OSAS

47]

321diagnosed previously!

322 Additionally, Limitations of this investigation should be mentioned , first , our study was a single-center

323study with a relatively small population , which may have influenced the statistical power of our results.

324Further prospective studies incorporating more patients aimed to substantiate our findings are warranted.
325secondly, we did not make a contrast with other concomitant cardiovascular diseases as control group in
326determining these markers. In addition, we cannot judge whether they are constant predictor of aortic
327dissection due to lack of tracing subsequent change of NLR and MPV/PLT ratio during hospitalization.
328Summary

329 In conclusion, inflammation, platelet alteration is crucial for initiation and progression of aortic
330dissection. Combined detection of NLR, MPV/PLT ratio and AHI could assist sleep physicians to identify
331clinically silent or potential aortic dissection in patient’s comorbidity OSAS and hypertension. Further
332multicenter randomized controlled trials are warranted to verify our finding and explore whether CPAP
333might be a possible precautionary measure to prevent aortic dissection in potential patients with severe
3340SAS.

335

336

337

338
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339Figure 1 Receptor operating characteristic curves

340Table 1 Clinical and demographic characteristics of control group

341Table 2: Serum biochemical parameters and AHI of control group and study group

342Table 3: Binary logistic regression analysis of NLR, PLR, MPV/PLT, D-Dimer and AHI for aortic
343dissection

344Table 4: Receptor operating characteristic curves of NLR, MPV/PLT, AHI and combination of all
345three variables for aortic dissection

346
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