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Abstract High central aortic pulse pressure (CPP) and
thrombin-induced platelet—fibrin clot strength (TIP-FCS)
have been associated with ischemic outcomes in patients
with coronary artery disease in separate studies. But, the
ischemic risk associated with these factors has never
been analyzed in a single study and their interrelation is
unknown. The primary aim of the study was to establish
cut points for CPP and TIP-FCS measured at the time of
catheterization associated with long term major adverse
cardiovascular events. We enrolled 334 consecutive
patients undergoing cardiac catheterization and assessed
thrombogenicity by thrombelastography. Patients were
followed up to 3 years. The primary endpoint was a com-
posite of cardiovascular death, myocardial infarction, and
ischemic stroke and the secondary endpoint was occur-
rence of the primary endpoint or recurrent ischemic events
requiring hospitalization. Patients with primary and sec-
ondary endpoint occurrence had higher CPP (83420 vs.
60+ 18 mmHg, p<0.0001; 70+21 vs. 59+18 mmHg,
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p<0.0001, respectively) and TIP-FCS (68.5+5.8 vs.
65.5+5.0 mm, p=0.008; 67.4+5.9 vs. 65.2+4.8 mm,
p=0.001, respectively). CPP >60 mmHg and TIP-FCS
>69 mm were both independent predictors of primary end-
point occurrence (p=0.0001 and p=0.02, respectively).
ROC analysis for CPP and TIP-FCS showed a C-statistic
of 0.81 (p<0.0001) and 0.68 (p=0.007) for the primary
endpoint, respectively. Patients with CPP >60 mmHg had
higher TIP-FCS (66.8+5.1 vs. 64.8+5.0 mm, p<0.001)
and primary and secondary endpoint occurrence (13 vs.
1.1%, p<0.0001 and 31.8 vs. 14.4%, p=0.0002, respec-
tively). CPP >60 mmHg + TIP-FCS > 69 mm was associ-
ated with a markedly increased risk of primary endpoint
occurrence [HR (95% CI) 5.4(2.3-12.5), p=0.0001].
High CPP and thrombogenicity are interrelated; each are
independently associated with increased cardiovascular
risk; and simultaneous presence markedly enhances risk.
The mechanistic link between CPP and thrombogenicity
deserves further study.

Keywords Myocardial ischemia - Aortic pulse pressure -
Hypercoagulability - Thrombelastography

Introduction

Limited information is available on the relation between
platelet function, hypercoagulability and hypertension
in patients with coronary artery disease (CAD). Essen-
tial hypertension (EH) is associated with arterial throm-
botic complications such as myocardial infarction (MI)
and ischemic stroke. Platelet activation and aggregation
play critical roles in ischemic event occurrences, includ-
ing MI [1]. The observation of elevated platelet activation,
an important characteristic of a prothrombotic state in EH

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11239-017-1524-y&domain=pdf

224

G. Chen et al.

patients, highlights the potential relation between periph-
eral blood pressure and thrombogenicity [2-5]. Nearly 10%
of patients with CAD undergoing percutaneous coronary
intervention (PCI) in the setting of acute coronary syn-
dromes will experience recurrent ischemic events despite
current standard dual antiplatelet therapy (DAPT) with
aspirin and a P2Y, receptor inhibitor [6]. High thrombin-
induced platelet—fibrin clot strength (TIP-FCS) measured
by thrombelastography (TEG), also known as hyperco-
agulability, has been independently associated with post-
PCI ischemic event occurrence [1, 7, 8]. The clinical sig-
nificance of pulse pressure (PP), defined as the difference
between systolic blood pressure and diastolic blood pres-
sure, has been recently explored [9, 10]. Moreover, high
aortic central pulse pressure (CPP) has been shown to be an
independent predictor of CAD risk [11, 12], and is strongly
associated with MI, cardiovascular (CV) mortality, and
all-cause mortality in patients with CAD [13]. Despite the
independent association of high CPP, and hypercoagulabil-
ity in CAD patients, there has been no investigation explor-
ing the association between platelet reactivity, hypercoagu-
lability, and CPP in a single patient population. CPP more
closely reflects the load placed on the left ventricle, and
the coronary and cerebral vasculature. The primary aim of
the study was to establish cut points for CPP and TIP-FCS
measured at the time of catheterization associated with
long term major adverse cardiovascular events (MACE).
Secondly, we explored an interrelation between CPP and
TIP-FCS along with their independent and shared associa-
tion with MACE.

Methods
Study population

A total of 334 patients >18 years old undergoing elec-
tive cardiac catheterization for suspected severe CAD
and with complete 3-years clinical follow-up data were
included in this sub-analysis of Multi-Analyte, thrombo-
genic, and Genetic Markers of Atherosclerosis (MAGMA,
NCT01276678) study. The MAGMA study is a prospec-
tive cohort study aimed to find a correlation between
blood biomarkers and growth of the plaques, regardless
of the presence of the classic risk factors for atheroscle-
rosis. All patients provided written informed consent and
study was approved by local Institutional Review Board.
Patients were referred for elective cardiac catheterization
for the following reasons: (1) a positive stress test with no
angina; (2) a positive stress test with angina; and/or (3) a
positive computerized tomography (CT) scan. Exclusion
criteria included serious arrhythmias, significant valvu-
lar heart disease, LV ejection fraction <50%, concomitant
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anticoagulant therapy, pregnancy, infection, history of can-
cer, autoimmune or connective tissue disease, HIV, hepa-
titis C, or any abnormal laboratory value or physical find-
ing that may interfere with the interpretation of the study
results as per the investigator. CAD was defined angio-
graphically as a luminal diameter stenosis >50%.

Cardiac catheterization

Central aortic pressure indices were measured in the
ascending aorta using a 6F fluid-filled pigtail catheter (Bos-
ton Scientific Impulse 6F pigtail catheter, Tijuana, Mexico).
Pressure tracings were recorded using a hemodynamic mon-
itoring system (Philips Xper Information Management Sys-
tem, Melbourne, FL)). The mean aortic pressure (MAP) was
calculated as 1/3 systolic+2/3 diastolic pressure. CPP was
calculated as the difference between the peak systolic pres-
sure and the pressure at end-diastole. Aortic pulsatility was
defined as the ratio of CPP to mean aortic pressure (FPP).
The ratio of CPP to diastolic pressure (pulsatility index, PI)
was also applied for another index of aortic stiffness.

Blood sampling

Blood samples were obtained in the catheterization labora-
tory before coronary angiography. Blood was collected in
a blood collection tube containing 3.8% trisodium citrate
(Becton-Dickenson, Franklin Lakes, NJ) after discarding
the first 2-3 mL of free-flowing blood. All assays were per-
formed within 2 h of blood collection.

Thrombelastography

The Thrombelastography (TEG) haemostasis analyzer
(TEG 5000 Thrombelastograph Hemostasis Analyzer
system; Haemonetics, Braintree, MA) provides quantita-
tive and qualitative measurement of the physical prop-
erties of a clot [14]. The citrated samples were assayed
as per the manufacturer’s instructions to generate the
TIP-FCS (recorded in mm) [1]. Briefly, 1 mL of cit-
rated blood was transferred to a vial containing kaolin
and mixed by inversion; 340 uL of the activated blood
was immediately added to a sample cup in which 20 puL
of 0.2 M calcium chloride had been previously added.
TIP-FCS was determined by measuring the amplitude
of the rotation of the pin, which increases proportion-
ally with clot strength. Reaction time (R, min), a repre-
sentative of the initiation phase of enzymatic clotting, is
the time from the start of the sample run to the point
of the first significant clot formation corresponding to an
amplitude of 2 mm reading on the TEG tracing. K is a
measure of the time to reach 20 mm clot strength from
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R. Coagulation index (CI) represents overall coagulation
derived from R, K, TIP-FC, and angle of kaolin-acti-
vated whole blood tracings by the formula: CI=0.3258
R-01886 K+0.1224 TIP-FCS+0.0759 a—707922
according to the manufacturer. Angle () is reflective of
fibrinogen activity and is the degrees of the angle formed
by the tangent line to TEG tracing measure at R [14].

Clinical outcomes and definitions

Patients were contacted by telephone at 12 and 36 months
to record post-discharge MACE defined as CV death, MI,
and ischemic stroke. Patient records including electronic
source documents were obtained and reviewed by two
physicians blinded to the study who adjudicated events.
Cardiovascular death was defined as death secondary to
any cardiovascular cause. MI was defined as a cardiac tro-
ponin > upper limits normal with ischemic symptoms and/
or electrocardiographic abnormalities [15]. The primary

Table 1 Patient demographics

Total group (n=334s) CPP CPP p value
<60 mmHg  >60 mmHg
(n=180) (n=154)
Age (mean +SD) 63.1+10.3 59.6+9.9 67.4+9.0 <0.001
Male (n, %) 219 (65.6) 136 (75.6) 83 (53.9) <0.0001
Body mass index (mean + SD) (kg/rn2) 30.9+6.4 30.9+6.3 30.9+6.5 0.98
Race (%)
Caucasian 252 (75.4) 139 (77.2) 113 (73.4) 0.77
African-American 70 (21.0) 35(19.4) 35 (22.7) 0.77
Other 12 (3.6) 6(3.3) 6 (3.9) 0.77
Patient history (%)
Hypertension 264 (79) 130 (72) 134 (87) 0.0008
Hypercholesterolemia 258 (77.2) 133 (74) 125 (81) 0.10
Renal disease 38 (13.8) 18 (10) 20 (13.0) 0.39
Diabetes 109 (32.6) 43 (23.9) 66 (42.9) 0.001
Myocardial infarction 79 (23.7) 43 (23.9) 36 (23.4) 0.87
Percutaneous coronary intervention 104 (31.1) 57 (31.7) 47 (30.5) 0.82
Coronary artery bypass grafting 13 (3.9) 5(2.8) 8(5.2) 0.26
Stroke 27 (8.1) 12 (6.7) 1509.7) 0.30
Smoking (current or past) 175 (52.4) 98 (54.4) 77 (50.0) 0.17
Concomitant medication (%)
Aspirin 334 (100) 180 (100) 154 (100) 1.0
P2Y,, Inhibitor 113 (33.8) 54 (30.0) 59 (32.8) 0.09
Lipid-Lowering Therapy 260 (77.9) 134 (74.4) 126 (81.8) 0.15
Angiotensin converting enzyme 209 (62.6) 104 (57.8) 105 (68.2) 0.06
inhibitors/angiotensin receptor
blockers
Beta blockers 185 (55.4) 85 (47.2) 100 (64.9) 0.001
Calcium channel blockers 75 (22.5) 33(21.4) 42 (23.3) 0.78
Diuretics 70 (20.9) 34 (18.9) 36 (23.4) 0.32
Laboratory values (mean +SD)
Total HDL-C (mg/dL) 452+13.2 452+13.2 45.2+13.3 0.98
Total cholesterol (mg/dL) 158.4+37.8 160.4+359 156.0+39.9 0.33
Total LDL-C (mg/dL) 91.7+31.3 94.5+30.6 88.7+32.0 0.11
Triglycerides (mg/dL) 120.7+84.6 115.1+68.3 127.1+99.7 0.23
Platelet count (x10*/mm?®) 233+68 231+62 235+75 0.60
BUN (mg/dL) 17.8+7.3 17.0+6.1 18.8+8.3 0.02
Creatinine (mg/dL) 1.01+0.32 0.97+0.23 1.05+0.40 0.02

CPP central pulse pressure, HDL high-density lipoprotein, LDL low-density lipoprotein, BUN blood urea

nitrogen
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composite endpoint was the occurrence of MACE. The
secondary outcome included the composite of MACE and
hospitalization for recurrent ischemia. Hypercoagulability
was defined as TIP-FCS >69 mmHg [16]. Medical man-
agement of patients was done in accordance with the cur-
rent clinical guidelines.

Statistical analysis

Continuous variables are presented as mean + SD, and cat-
egorical variables are expressed as percentages. All con-
tinuous variables were normally distributed (assessed by
the Kolmogorov—Smirnov test) and were compared using
analysis of variance (ANOVA) method. A Chi square test
was used to compare categorical variables. A multivari-
ate Cox regression analysis was performed by including
CVD risk factors, CPP, and hypercoagulability. ROC analy-
sis was used to determine cut-point for CPP and TEG to
predict primary and secondary endpoints. Using these
cut-points, data was divided into patients with a high CPP
and with low CPP and multivariate analysis used to deter-
mine significant factors between these two groups. A cri-
terion of >60 mmHg was used to define a high CPP based
on ROC analysis described in results. Quartile analysis
was conducted for CPP with <50 mmHg as first quartile,
50-60 mmHg as second quartile, 61-74 mmHg as third
quartile and >74 mmHg as fourth quartile. Hazards ratio

Table 2 Cardiac catheterization data

was calculated using Cox regression model. Analyses were
performed with MedCalc Software (versionl7, MedCalc
Software, Ostend, Belgium). A two-tailed p value <0.05
was considered statistically significant.

Results
Clinical characteristics

The study cohort consisted of 334 patients and all patients
underwent thrombogenicity testing. The baseline clini-
cal characteristics are in Table 1. Patients with CPP
>60 mmHg were older and more frequently women; and
more often had hypertension and renal disease with a
higher blood urea nitrogen and creatinine compared to
patients with CPP <60 mmHg (Tables 1, 2). 242 (71.9%)
were treated medically, 69 (20.6%) were treated with PCI
and 25 (7.5%) were treated with coronary artery bypass
grafting (CABG) (Table 2).

Receiver operator curve analysis and area
under the curve (AUC)

ROC analysis was conducted and AUC calculated for
prediction of primary and secondary endpoints with CPP
and TIP-FCS (Fig. 1). The C-statistic for CPP was 0.81

Total group (n=334) CPP <60 mmHg CPP >60 mmHg p value
n (%) (n=180) (n=154)
n (%) n (%)
Reason for catheterization (%)
Positive stress test, angina 70 (21.0) 36 (20.0) 34 (22.1) 0.89
Positive stress test, no angina 131 (39.2) 70 (38.9) 61 (39.6) 0.89
Angina only/risk factors 121 (36.2) 64 (35.6) 57 (37.0) 0.90
Pre-operative evaluation 8(2.4) 5(2.8) 3(1.9) 0.89
High calcium score 4(1.2) 2 (1.1) 2(1.3) 0.88
Coronary artery disease severity (n, %)
Minimal (<25%) 67 (20.0) 44 (24.4) 23 (14.9) 0.08
Intermediate (25-75%) 72 (21.6) 35(19.4) 38 (24.7) 0.08
Severe (>75%) 195 (58.4) 98 (54.4) 97 (63.0) 0.09
Angiographic data (Mean +SD)
Total number of significantly diseased vessels 2.6+ 27+13 0.15
Total stents implanted (past and present) 24+1.8 +1. 2.6+2.0 0.06
Intervention performed at visit
CABG 25(7.5) 8 (4.4) 17 (11.0) 0.19
PCI 69 (20.6) 31(17.2) 38 (24.9) 091
Medically managed 240 (71.9) 126 (70.0) 112 (72.7) 0.34

CPP central pulse pressure, CABG coronary artery bypass grafting, PCI percutaneous coronary intervention
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(p<0.0001) and 0.65 (p=0.0001) for primary and second-
ary endpoints respectively (Fig. la, b). The C-statistic for
TIP-FCS were 0.68 (p=0.007) and 0.62 (p=0.002) for
primary and secondary endpoints, respectively (Fig. lc,
d). A cut-point of >60 mmHg for CPP and >69 mm for
TIP-FCS were chosen based on this analysis.

Central aortic pressure measurements and cardiac
catheterization data

Patients with CPP >60 mmHg had higher central aortic
systolic blood pressure (SBP), MAP, CPP, PI, and FPP than
patients with CPP <60 mmHg (p <0.0001) (Table 3). Car-
diac catheterization data showed a similar distribution of
CAD severity amongst patients (Table 2).

Thrombogenicity in relation to CPP >60 mmHg

Patients with CPP >60 mmHg had higher TIP-FCS, CI, K
and fibrinogen activity than patients with CPP <60 mmHg
(p<0.001, p=0.04, p=0.03 and p=0.003, respectively)
(Table 3). The relation of TIP-FCS to CPP quartiles is

Illllllllllllllllllll

0 20 40 60 80 100
100-Specificity

shown in Fig. 2. Patients in the third and fourth CPP quar-
tiles had higher TIP-FCS compared to the lowest quartiles
(p<0.0001) (Fig. 2).

Relation between CPP and TIP-FCS to clinical
outcomes

In total, there were 22 events in the primary endpoint (5
CV deaths, 13 MI and 4 ischemic stroke) and 75 events in
the secondary endpoint (22 from the primary endpoint and
53 hospitalizations for recurrent ischemia with or without
urgent revascularization).

Composite primary and secondary endpoints were
higher in patients with CPP >60 mmHg (13 vs. 1.1%,
p<0.0001 and 31.8 vs. 14.4%, p=0.0002, respectively)
(Table 4).

CPP and TIP-FCS were significantly greater in patients
with composite primary and secondary endpoints com-
pared to patients without event (Fig. 3). The composite
primary and secondary endpoints were significantly higher
in the fourth quartile of CPP compared to first quartile
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Table 3 Invasive central aortic
blood pressure parameters and
thrombelastography indices

CPP <60 mmHg CPP >60 mmHg p value
(n=180) (n=154)
Invasive central aortic blood pressure parameters
Systolic blood pressure (mmHg) 129+13 145+18 <0.001
Diastolic blood pressure (mmHg) 75+10 73+14 0.06
Mean arterial blood pressure (mmHg) 87+11 99 +15 <0.001
Central pulse pressure (mmHg) 48 +8 79+ 14 <0.001
Pulsatility index (%) 0.69+0.16 1.12+0.32 <0.001
Fractional pulse pressure (%) 0.56+0.11 0.81+0.16 <0.001
Thrombelastography indices
TIP-FCS (mm) 64.8+5.0 66.8+5.1 <0.001
Reaction time (min) 7.7+3.3 7.5+1.7 0.50
Clotting index —0.87+3.29 —0.26 +1.81 0.04
Clot kinetics (min) 22422 1.80+£0.53 0.03
Fibrinogen activity (degree) 63.0+8.1 65.4+6.4 0.003

CPP central pulse pressure, TIP—FCS thrombin-induced platelet-fibrin clot strength

75 |
*p<0.001 as compared to 1%t Quartile

70-—
65;
60;
55;
50-

< 50 50 60 61 -74 >7
Central Pulse Pressure (mg Hg)

TIP-FCS (mm)

Fig. 2 Relation between quartiles of central pulse pressure and
thrombin-induced platelet fibrin clot strength

and increased in a step-wise progression across quartiles
(p<0.0001 and p=0.001, respectively) (Fig. 4).

Multivariate analysis and hazards ratio

Multivariate regression of significant CVD risk factors,
CPP, and hypercoagulability was conducted for primary
endpoint and only CPP >60 mmHg and TIP-FCS >69 mm
retained statistical significance (p=0.0001 and p=0.02
respectively) (Table 5). The variables presenting an asso-
ciation with the outcome of interest with a p value <0.1 on
univariate analysis were then entered in the multivariate
analysis.

Hazards ratio (HR) was calculated for primary and sec-
ondary endpoints using CPP >60 mmHg and TIP-FCS
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>69 mm. HR in patients with CPP >60 mmHg for primary
endpoint was 10.5 (95% CI 2.4-45.5, p=0.001) and for
secondary endpoint was 2.1 (95% CI 1.3-3.4, p=0.002).
HR for patients with TIP-FCS >69 mmHg for primary
endpoint was 2.5 (95% CI 1.1-5.8, p=0.03) and for sec-
ondary endpoint was 2.1 (95% CI 1.3-3.4, p=0.001).
When combined, i.e. patients with TIP-FCS >69 mm and
CPP >60 mmHg, the HR for primary endpoint was 5.4
(95% CI 2.3-12.5, p=0.0001) and for secondary endpoint
was 2.8 (95% CI 1.7-4.7, p<0.0001).

Discussion

To the best of our knowledge, this is the first study to assess
the association between invasively determined CPP and
thrombogenicity in CAD patients. Patients with high CPP
and thrombogenicity are interrelated and independently
associated with poorer cardiovascular outcomes. CPP
>60 mmHg combined with TIP-FCS >69 mm was highly
predictive of adverse outcomes.

Thrombelastography has been used to assess overall
clotting kinetics and platelet—fibrin clot strength in whole
blood in patients treated with PCI [1, 7, 8, 16]. In addition
to the relation of hypercoagulability to long term ischemic
event occurrences in patients treated with PCI, TIP-FCS
has been correlated with fibrinogen, von Willebrand fac-
tor (vVWF), plasminogen activator inhibitor-1(PAI-1), high-
sensitivity C-reactive protein (hs-CRP), race, gender and
CYP2C19 genotype [1, 8, 17, 18]. In this line, in the pre-
sent study, CPP was associated with TIP-FCS.

Recent studies have demonstrated an association
between platelet activation and blood pressure in hyper-
tensive patients. In these studies, platelet activation was
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Table 4 Comparison of 3-year clinical outcome occurrence between CPP and TIP-FCS cutpoints

CPP (mmHg) <60 CPP (mmHg) >60 TIP-FCS (mm) <69 TIP-FCS (mm) >69 CPP and TIP-FCS

(n=180) (n=154) (n=257) (n=77)

CPP >60 or CPP >60 and
TIP-FCS (mm) TIP-FCS (mm)
>69 >69
(n=269) (n=65)

CV death 0 (0) 5@3.2) 3(1.2) 2 (2.6) 3(1.1) 2(3.1)

Myocardial infarc- 1 (0.5) 12 (7.8) 6(2.3) 79.1) 6(2.2) 7 (10.7)

tion

Ischemic stroke 1(0.5) 3(1.9) 2(0.8) 2 (2.6) 2(0.7) 2 3.1

MACE 2(1.1) 20 (13.0) 11 (4.3) 11 (14.3) 11 (4.0) 11 (16.9)

RHI 24 (13.3) 29 (18.8) 34 (13.2) 19 (24.7) 42 (15.6) 11 (16.9)

MACE +RHI 26 (14.4) 49 (31.8) 45 (17.5) 30 (39.0) 53 (19.6) 22 (33.8)

CV death cardiovascular death, MACE major adverse cardiovascular events, RHI reactive hyperthermia index, CPP central pulse pressure, TIP—
FCS thrombin-induced platelet—fibrin clot strength

a 100}
* *p<0.001 by ANOVA
£ .
g 80
€ —_— T
g . » =
é 60 - — = ——
3}
a
3
£ 40t
a
e
& 20}
O
ot I I I I
None Event None Event
Composite primary endpoint Secondary endpoint
(CV death, MI, ischemic stroke)
b 80}k *p=0.001 **p=0.008 by ANOVA analysis
3 - *
70 .. — = * —_—
60 -
£ sof
B a0}
. L
Q
= 30
20+
10
(s I I I I
None Event None Event
Composite primary endpoint Secondary endpoint
(CV death, MI and ischemic stroke)
Fig. 3 Comparison of primary and secondary clinical outcomes ary outcome =the primary outcome plus hospitalization for recurrent
with, a CPP, b TIP-FCS. Primary outcome =the occurrence of cardi- ischemia. CPP central pulse pressure, 7/P-FCS thrombin induced
ovascular death, myocardial infarction, and ischemic stroke. Second- platelet fibrin clot strength
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Fig. 4 Quartile analysis of a 100} )
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o .
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[&] b
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30 |
20
10|
0 = 1 1 1 1
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Central pulse pressure quartile

indicated by signal peptidle-CUB-EGF domain—contain-
ing protein 1 (SCUBEI) and mean platelet volume (MPV)
[19, 20]. Increased MPV values were observed in patients
with prehypertension and hypertension compared with
normotensive controls [3, 21, 22]. In addition, MPV was
significantly correlated with hs-CRP levels; blood pres-
sure and target organ damage in patients with EH [21-24].
Few studies have demonstrated the relation between hyper-
coagulability and complications of EH [25-27]. However,
the present study is the first study to explore the relation of
TIP-FCS measured by TEG to CPP in patients undergoing
coronary angiography. A higher TIP-FCS was observed
in patients with suspected CAD with a high CPP. The pre-
sent study further supports the previous observation of an
association between hypercoagulability and platelet activa-
tion in patients with EH [25-27]. TIP-FCS >69 mm, an
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indicator of hypercoagulability, was identified as a signifi-
cant independent predictor of cardiovascular events 3-year
follow-up in the current study which is similar to previous
report [16]. Based on these observations, it is plausible
that hypercoagulability is a critical underlying mechanism
associated with clinical cardiovascular event occurrences in
patients with CPP >60 mmHg.

CPP has been shown to be independently associated
with the occurrence and extent of CAD in patients under-
going coronary angiography [12, 28, 29]. Furthermore,
CPP is an independent and a stronger predictor of cardio-
vascular outcome and all-cause mortality than brachial
pulse pressures, PP-24 h, SBP-24 h and central SBP [9,
30-32]. In this line, in the current study patients with the
higher CPP quartile had significantly greater values for
TIP-FCS, compared with the lowest CPP quartile. The
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Table 5 Multivariate regression analysis for determining independ-
ent predictors of (a) primary composite endpoint; and (b) central
pulse pressure >60 mmHg

Factor Coefficient Standard error p value

Primary endpoint
Age 0.002 0.002 0.94
Sex 0.003 0.034 0.45
Body mass index —0.001 0.002 0.53
Hypertension 0.010 0.045 0.79
Hyperlipidemia —-0.021 0.044 0.63
Diabetes 0.029 0.019 0.15
Myocardial infarction —0.002 0.035 0.96
Stroke 0.064 0.057 0.25
Smoking 0.035 0.029 0.23
P2Y,, inhibitors —0.009 0.027 0.74
Lipid lowering therapy —0.006 0.020 0.75
ACEI or ARBs 0.023 0.015 0.11
Beta-blocker 0.029 0.031 0.36
Calcium channel blockers —0.003 0.036 0.93
Diuretics 0.020 0.010 0.17
Total cholesterol -0.011 0.012 0.42
Total HDL 0.011 0.013 0.36
Total LDL 0.009 0.012 0.44
Platelets 0.001 0.001 0.07
Creatinine 0.138 0.068 0.05
CAD severity —0.004 0.061 0.95
Number of diseased vessels ~ 0.022 0.025 0.38
Systolic blood pressure 0.003 0.002 0.29
Diastolic blood pressure —0.002 0.003 0.40
Central pulse pressure 0.003 0.002 0.0001
TIP-FCS 0.070 0.032 0.02
Reaction time 0.060 0.054 0.26

For CPP >60 mmHg
Age 0.020 0.001 <0.001
Sex 0.15 0.046 0.001
Hypertension 0.072 0.056 0.21
Diabetes 0.056 0.026 0.02
Blood urea nitrogen —0.008 0.004 0.15
Creatinine 0.116 0.074 0.25
TIP-FCS 0.257 0.063 <0.001
Mean arterial pressure 0.018 0.003 <0.001

Bold values represent statistically significant factors

HDL high density cholesterol, LDL low density cholesterol, ACEI
angiotensin converting enzyme inhibitors, ARBs Angiotensin II
receptor blockers, CAD coronary artery disease, TIP—FCS thrombin-
induced platelet—fibrin clot strength

TIP-FCS in patients with CPP >60 mmHg was mark-
edly higher than in patients with CPP <60 mmHg. Fur-
thermore, total events, all-cause death, CV death, MI
and composite event occurrences in patients with CPP

>60 mmHg, were significantly higher than in patients
with CPP <60 mmHg. Cox regression analysis showed
that CPP >60 mmHg combined with TIP-FCS >69 mm
was a strong predictive factor for cardiovascular events.
This is inconsistent with a previous report of relation
of cutoff of CPP value (>50 mmHg) to adverse cardio-
vascular outcome [30]. The latter observation may be
attributed to a difference in method of measuring used to
assess CPP.

Although the exact mechanism for the relation between
hypercoagulability and CPP remains unknown, it can be
speculated that increased shear stress caused by higher
CPP might induce platelet activation, release of proco-
agulant factors and finally resulting in hypercoagulability
state. High flow and pressure gradient also promote the
accumulation of thrombin and fibrin, which could further
promote formation/growth of a clot. Finally, with growth
of a clot, shear stresses can become sufficiently extreme
in diseased arteries to drive von-Willebrand factor self-
association into massive fibers, potentially causing the final
burst of clot growth towards full thrombotic occlusion [33].
Additionally, hypercoagulability characterized by elevated
platelet reactivity, fibrinogen, vWF, PAI-1 [7, 17], specific
inflammation markers including C-reactive protein (CRP),
interleukin-6 (IL-6), interleukin-8 (IL-8) and monocyte
chemoattractant (MCP)-1, have been linked to ischemic
event occurrences in CAD patients [7, 17]. Furthermore,
activated platelets release soluble CD40 ligand (sCD40L),
SCUBEI, and vasoactive agents, such as platelet-derived
growth factors (PDGF), vascular endothelial growth fac-
tors (VEGF), thereby accelerating thrombotic event occur-
rences [19, 34]. Further larger-scale randomized controlled
trials studies are needed to validate our findings.

Limitations

The present study has the following limitations. This is a
hypothesis generating observational study and limited by
a small sample size to evaluate clinical event occurrences.
Secondly, the study patients were on different vasoactive
medications which affect aortic blood pressure. However,
in routine clinical practice, patients undergoing coronary
angiography are usually being administered standard car-
diovascular medications such as nitrates, beta-blockers, cal-
cium channel blocker, etc. Thus, our results might be repre-
sentative of a real world scenario.

Conclusions

High CPP and thrombogenicity are interrelated; each are
independently associated with increased cardiovascular
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risk; and simultaneous presence markedly enhances risk.
The mechanistic link between CPP and thrombogenicity
deserves further study.
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