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The utility of high-sensitivity C-reactive protein levels in patients with 
moderate coronary lesions and gray-zone fractional flow reserve

Introduction

A large number of studies from several heart disease cen-
ters worldwide have shown that fractional flow reserve (FFR) 
is a reliable physiological index for determining the functional 
significance of coronary stenosis, and this new “gold standard” 
approach for diagnosing coronary artery disease (CAD) makes 
treatment with percutaneous coronary intervention (PCI) more 
rational. Specifically, an FFR value <0.75 is associated with in-
ducible myocardial ischemia, and an FFR value >0.80 indicates 
the absence of inducible myocardial ischemia with a high di-
agnostic accuracy (1, 2). However, whether revascularization 
should be performed in patients in the gray-zone, defined as an 

FFR value between 0.75 and 0.80, remains debatable. We sought 
to further study relatively high-risk patients in the gray-zone sub-
jected to PCI treatment.

Atherosclerosis remains the leading cause of CAD, and in-
flammation is an inherent part of the atherosclerotic process. C-
reactive protein, an inflammatory marker, directly interacts with 
atherosclerotic vessels by activating of the complement system, 
thereby promoting inflammation and thrombosis (3). In addition 
to its role in triggering immunity in plaque deposition, in vitro 
studies have indicated associations among CRP levels, inhibition 
of endothelial nitric oxide synthase, and impaired vasoreactivity 
(4). Shah et al. (5) considered hs-CRP a predictor of future major 
adverse cardiac events. However, it remains unclear whether 
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hs-CRP levels could guide treatment selection in FFR gray-zone 
patients. This study aimed to evaluate the prediction of hs-CRP 
levels and to guide treatment selection in such patients.

Methods

Patients
This study was a prospective interventional trial. The study 

population was selected from patients who consulted from the 
Department of Cardiology in our hospital. We selected stress-
test–positive hospitalized stable angina patients and single-vessel 
stenosis with moderate coronary lesions (40%–70% by means 
of visual estimation). Stable angina pectoris was defined as no 
change in the frequency, duration, or intensity of symptoms within 
4 weeks. Exclusion criteria were as follows: (1) active infections; 
(2) autoimmune diseases; (3) severe hepatic or renal dysfunction; 
(4) contraindication for anticoagulation or excessive risk of bleed-
ing; (5) history of myocardial infarction (MI), target vessel PCI, or 
coronary artery bypass graft; (6) left ventricular EF <40%; (7) left 
main coronary stenosis, branch distal lesion or multiple stenosis; 
(8) acute coronary syndrome; or (9) life expectancy of <1 year. The 
study protocol was approved by the Ethics Committee of our insti-
tution. All enrolled patients provided written informed consent for 
participation before coronary angiography.

Between January 2015 and March 2016, 1255 consecutive pa-
tients were admitted to our hospital. On the basis of the inclusion 
and exclusion criteria, hs-CRP levels were evaluated in a total of 
785 stress-test–positive hospitalized patients with stable angina 
and single-vessel stenosis with moderate coronary lesions (40%–
70% by means of visual estimation) after an 8-h fast. hs-CRP levels 
were checked twice to confirm a stable value despite individual 
fluctuations, and the average value of the two examinations was 
recorded and saved before the intervention. Serum hs-CRP levels 
were measured using immune scatter turbidimetric analysis (Ger-
many, SIEMENS BN-II) on the basis of manufacturer’s instructions. 
Two patients lost to follow-up within 1 year were excluded. Thus, 
following coronary angiography and FFR measurement, a total of 
308 patients fulfilled the FFR gray-zone criteria and were included 
in the present study. There were186 males and 122 females with 
a mean ± standard deviation of 61.2±5.7 (range, 54.5-67.6 years).

Coronary angiography
After disinfection and local anesthesia, coronary angiogra-

phy was performed using a 6-F guiding catheter via the transra-
dial approach. To avoid vasospasm and achieve maximal epicar-
dial vasodilatation, intracoronary injection of 200 μg nitroglycerin 
before coronary angiography. The imaging time was ≥3-8 cardiac 
cycles. Quantitative coronary angiography (QCA) was performed 
using standard techniques with an automated edge-detection 
algorithm (CASS-5; Pie Medical, Maastricht, Netherlands) (6). 
The reference vessel diameter (RVD), minimum lumen diameter 
(MLD), diameter stenosis (DS), and lesion length were calculat-

ed by two experienced observers who were blinded to the FFR 
value and to the patient’s clinical characteristics.

FFR measurement
A 0.014-inch pressure wire (St. Jude Medical, St. Paul, MN, 

USA) was calibrated and advanced into the coronary artery while 
ensuring coaxial alignment with the coronary ostium to prevent 
dampening of the arterial pressure waveform. After the intra-
coronary administration of 100-200 μg of nitroglycerine, FFR was 
measured at maximal hyperemia induced by intravenous con-
tinuous infusion of adenosine 5′-triphosphate (140 mg/kg/min) 
(7). The dose was increased to achieve maximal hyperemia and 
a stable state. The pressure wire was then placed at the distal 
portion of the coronary artery, ensuring that the pressure sensor 
was positioned beyond the coronary lesion of interest. The mean 
distal coronary pressure (Pd) was recorded and simultaneously 
adjusted, and zeroed guiding catheters recorded mean aortic cor-
onary pressures (Pa) according to the ratio FFR=Pd/Pa (7). After 
this process, a total of 310 patients showed single-vessel stenosis 
of moderate coronary lesions (40%-70%) and simultaneously ful-
filled the criterion of FFR value of 0.75–0.80. These patients were 
included in the present study and were clinically followed up for 
1 year. Among these gray-zone patients, 22 patients (7%) showed 
40%–49% stenosis,77 patients (25%) showed 50%–59% stenosis, 
and 209 patients (68%) showed 60%–69% stenosis, Of the 140 pa-
tients with serum hs-CRP value of >3 mg/L, there were eight pa-
tients (6%), 31 patients (22%), and 101 patients (72%), respectively, 
in the stenosis subgroups described above.

Grouping and treatment
The cutoff points of serum hs-CRP levels were defined as 

normal level (mean <3.0 mg/L) and increased levels (mean ≥3.0 
mg/L). A value of 3 mg/L was chosen as the optimum cutoff point 
because hs-CRP levels >3 mg/L were associated with high car-
diovascular risk (8). Among the 310 patients, 140 fulfilling the in-
creased level criterion were randomly divided into groups I and 
II (n=70, each). Meanwhile 170 patients who fulfilled the normal 
criterion were also evenly divided into groups III and IV (n=85, 
each). PCIs were performed in groups I and III via the transradial 
approach using a standard technique, and everolimus-eluting 
stents were employed in the target lesions. Patients in groups II 
and IV received conservative treatment with pharmacotherapy 
appropriate for maintaining a blood pressure of 130/80 mm Hg, 
low-density-lipoprotein cholesterol (LDL-C) ≤1.8 mmol/L and 
fasting blood glucose of ≤6 mmol/L as goal values.

Clinical follow-up
General clinical data and the coronary angiography and QCA 

parameters in the four groups were recorded and analyzed. A to-
tal of 310 patients were subsequently tracked via telephone calls 
and outpatient visits. Patients in groups I and III also received 
pharmacotherapy to achieve therapeutic goals similar to those 
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of groups II and IV (LDL-C, blood pressure, and fasting blood glu-
cose). The endpoint of this study was MACE (MACE), defined as 
cardiac death, nonfatal MI, and target vessel revascularization 
(TVR), including PCI or coronary artery bypass grafting (CABG) 
within 12 months. These parameters were observed and record-
ed during follow-up. MI was defined as (two out of three criteria) 
prolonged chest pain >20 min; serum creatine kinase (or the MB 
fraction) or troponin levels greater than two-fold above the upper 
limit of normal, and a new or presumed new left-bundle-branch 
block (LBBB), ST-T segment changes, or new Q waves on se-
rial electrocardiograms indicative of myocardial damage, a new 
wall-motion abnormality, or identification of an intracoronary 
thrombus by angiography or autopsy (9). All deaths were consid-
ered to be cardiac origin unless an obvious noncardiac cause 
can be identified. TVR, including PCI or CABG, was defined as 
any clinically driven revascularization of the target vessel, and 
unstable angina was the reason for TVR that was used to apply 
the Canadian Cardiovascular Society classification of symptom 
severity. Events were related to the lesion and were proven by 
coronary angiography to be related to the same lesion by com-
paring the previously evaluated coronary angiographic imaging.

Statistical analysis
All statistical analyses were performed using SPSS version 

19.0 (Chicago, IL, USA). Descriptive statistics [frequencies, per-
centages, means, and standard deviations (SD)] were first cal-
culated. Subsequently, Kolmogorov–Smirnov tests were used 
to examine normality, and Box’s M tests were used to examine 
the homogeneity of variance. Analyses of variances (ANOVAs) 

were used to evaluate differences in continuous variables when 
the data were normally distributed and in accordance with as-
sumptions regarding the homogeneity of variance; otherwise, 
Kruskal–Wallis (K-W) H tests were used. If p values of ANOVAs 
or K-W H tests were <0.05, post hoc tests were conducted. A p 
value of <0.05 was considered statistically significant.

Results

Basic and clinical characteristics of the patients
Among the 310 patients who met the inclusion criteria (FFR 

value 0.75–0.80), two patients (0.6%; one from group III, one from 
group IV) were lost to follow-up and were excluded. Thus, 308 pa-
tients were included in the final analysis. There were a total of 70 
cases in group I, 70 cases in group II, 84 cases in group III, and 
84 cases in group IV. The baseline and clinical characteristics of 
the patients are summarized in Table 1. There were no significant 
differences in terms of age, sex, hypertension, diabetes, dyslipid-
emia LVEF, family history of CAD, means and standard deviations 
of body mass index (BMI) or optimal medical therapy [including 
b-blockers, angiotensin-converting enzyme inhibitors or angioten-
sin II receptor blockers (ACE-I/ARB), statin medicines, antiplatelet 
drugs, and organic nitrate drugs] among the four groups (p>0.05).

Angiographic and FFR findings
The angiographic and FFR findings are summarized in Table 2. 

In total, 308 patients underwent a successful angiographic and 
FFR measurement. Quantitative data were analyzed with a com-
puter according to a validated edge-detection algorithm using 

Table 1. Patient basic and clinical characteristics

 Group Group Group Group P value
 I II III IV

Age 61.4±5.2 61.2±6.4 60.3±5.8 61.1±5.4 0.591

Gender (male) 45 (64) 42 (60) 49 (58) 50 (60) 0.513

Hypertension 37 (53) 39 (56) 46 (55) 45 (54) 0.734

Diabetes  40 (57) 38 (54) 39 (46) 41 (49)  0.158

Current smokers 36 (51) 37 (53) 43 (51) 40 (48) 0.865

Dyslipidemia 38 (54)  33 (47)  32 (39) 30 (37)  0.081

BMI (kg/m2) 22.1±1.8 22.0±1.5 21.6±1.6 21.8±1.8 0.312

LVEF 47.7±4.7 48.1±4.4 48.4±4.0 49.4±4.9 0.294

Family history of CAD 27 (39) 29 (41) 35 (42) 38 (45) 0.642

b-Blocker 40 (57) 39 (56) 47 (56) 51 (69) 0.103

ACE-I/ARB 32 (46) 29 (41) 38 (45) 45 (54) 0.278

Antiplatelet drug 53 (76) 50 (71) 57 (68) 55 (66) 0.433

Statin 63 (90) 60 (85) 68 (81) 70 (83)  0.084

Organic nitrate drugs 35 (50) 31 (44) 41 (49) 37 (44) 0.487

BMI - body mass index; CAD - coronary artery disease; Data are provided as n (%) or (Mean±SD)
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the guiding catheter as a reference. No differences were noted 
in the target vessels, the location of the target lesion, or the QCA 
parameters, including the reference vessel diameter, minimal 
lumen diameter, and percent DS among the four groups. The le-
sions in group I were longer than those in group III or IV (16.7±2.9 
vs. 13.9±2.3 or 13.6±1.9, p<0.001, p<0.001), and lesions in group II 
were longer than those in group III or IV (16.5±2.6 vs. 13.9±2.3 or 
13.6±1.9, p<0.001, p<0.001). The proportion of ACC/AHA lesion type 
A in groups I or II was less than in group III or IV (p=0.004, p=0.001, 
p=0.002, p=0.003), By contrast, the proportion of lesion type B2 in 

group II was more than in group IV (p=0.001), and the proportion of 
lesion type C in group I was more than in group III or IV (p=0.001, 
p=0.002). Thus, increased hs-CRP levels in patients with an FFR 
value of 0.75–0.80 were associated with complex lesions.

Clinical follow-up and patient outcomes
We investigated clinical events during the 12-month follow-

up period. All follow-up data were obtained by telephone and 
outpatient visits. There were no differences in terms of medi-
cation use, including antiplatelet therapy, b-blockers, ACE-I/

Table 2. Angiographic and FFR findings

 Group Group Group Group P value
 I II III IV

Target vessels

RCA 30 (43) 33 (47) 37 (44) 35 (42) 0.382

LAD 28 (40) 24 (35) 30 (36) 34 (40) 0.130

LCX 12 (17) 13 (17) 17 (20) 15 (18) 0.224

Lesion location     

Proximal 30 (43) 28 (40) 35 (42) 33 (39) 0.486

Mid 21 (30) 25 (36) 27 (32) 25 (30) 0.334

Distal 19 (27) 17 (24) 22 (26) 26 (31) 0.401

ACC/AHA lesion type (%)

A 8 (11) 10 (14) 26 (31) 29 (35) ▼0.614/▲0.622

B1 19 (27) 14 (20) 28 (35) 31 (37) ●0.004/●●0.001

B2 18 (26) 27 (39) 19 (23) 12 (14) ★0.002/★★0.003

C 25 (36) 19 (27) 11 (13) 12 (14) 0.312

     ▼0.103/▲0.164
	 	 	 	 	 ●0.654/●●0.080
	 	 	 	 	 ★0.031/★★0.001
	 	 	 	 	 ▼0.275/▲0.822
	 	 	 	 	 ●0.001/●●0.002
	 	 	 	 	 ★0.028/★★0.051

QCA

RVD (mm) 2.7±0.4 2.6±0.3 2.7±0.3 2.6±0.4 0.323

MLD (mm) 1.0±0.2 1.1±0.3 1.2±0.2 1.1±0.2 0.081

DS (%) 63.5±6.0 62.0±5.3 61.6±6.1 62.5±5.9 0.564

Lesion length (mm) 16.7±2.9 16.5±2.6 13.9±2.3 13.6±1.9 ▼1.000/▲1.000
	 	 	 	 	 ●P<0.001/●●P<0.001
	 	 	 	 	 ★P<0.001/★★P<0.001

Hs-CRP value 5.6±1.3 5.7±1.5 1.6±0.7 1.8±0.6 ▼1.000/▲1.000
	 	 	 	 	 ●P<0.001/●●P<0.001
	 	 	 	 	 ★P<0.001/★★P<0.001

ACC - American College of Cardiology; AHA - American Heart Association; RCA - right coronary artery; LAD - left anterior descending artery; LCX - left circumflex; MI - myocardial 
infarction; QCA - quantitative coronary angiography, RVD - reference vessel diameter; MLD - minimum lumen diameter; DS - diameter stenosis.
I versus II: ▼P. III versus IV; ▲P.
I versus III: ●P. I versus IV; ●●P.
II versus III: ★P. II versus IV; ★★P
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ARB, and antiangina agents, at follow-up compared with drug 
treatment before the intervention. As the endpoint of this study, 
MACE values were recorded for all patients (six cases in group I; 
14 cases in group II; one case in group III, and five cases in group 
IV). Case summaries of TVR are presented in Table 3. There were 
two patients with acute MI and four patients with unstable angina 
in group I (8.6%); four patients with acute MI, eight patients with 
unstable angina, and two patients with cardiac death in group II 
(20.0%); there was one patient with unstable angina in group III 
(1.9%); there were two patients with acute MI and three patients 
with unstable angina in group IV (6.0%). The Kaplan–Meier curves 
for MACEs are presented in Figures 1-5. Kaplan–Meier curves in 

Figure 1 indicated a significantly increased MACE incidence in 
group II compared to group I (p=0.039). There was no difference 
in MACE incidence between group III and IV (p=0.095) despite the 
fact that these patients received different treatments (Fig. 2). The 
total Kaplan–Meier curves in Figure 3 show macrodistribution dif-
ferences among the four groups (p<0.05). Figures 4 and 5 show sig-
nificantly greater incidence in group II than in group IV (p=0.006), 
and greater incidence in group I than in group III (p=0.028). These 
results suggest that hs-CRP levels are a predictor for MACE, and 
risk stratification could guide treatment selection in gray-zone pa-
tients. An increased hs-CRP level and drug administration alone 
were associated with a worse prognosis. PCI treatment could 

Table 3. Case summary of TVR

Age/gender Target DS (%) Baseline Revascularization Hs-CRP MACE Reason for
 Vessel  FFR FFR (mg/L) Month revascularization

1          64/M LCX 64 0.76 0.73 5.5 4.0 ECG (+)

2          63/M LAD 60 0.75 0.66 3.9 10.0 Serum marker (+)

3            62/F LAD 69 0.77 0.72 4.1 9.0 ECG (+)

4          58/M RCA 62 0.75     0.63 7.2 3.0 Serum marker (+)

5            57/F LAD 65 0.76  0.59 4.6 8.0 ECG (+)

6          51/M LCX 61 0.75 0.69 3.4 11.0 ECG (+)

          Group II 

1          63/M RCA 58 0.77 0.71 7.9 2.0 ECG (+)

2            58/F LAD 59 0.76 0.64 4.3 5.0 Serum marker (+)

3            60/F LCX 67 0.79 0.72 5.6 4.0 ECG (+)

4          68/M RCA 67 0.78 0.70 4.1 5.0 ECG (+)

5            64/F LAD 68 0.76 0.72 4.8 6.0 ECG (+)

6            55/F LCX 68 0.75 0.62 6.9 3.0 Serum marker (+)

7          62/M LAD 65 0.77 0.70 5.8 4.0 Serum marker (+)

8            62/F RCA 59 0.78 0.73 3.4 8.0 ECG (+)

9            58/F LAD 61 0.75 0.70 5.2 6.0 ECG (+)

10        71/M LAD 66 0.76 ---- 7.8 7.0 Cardiac death (+)

11        58/M LCX 62 0.77 ---- 4.2 5.0 Cardiac death (+)

12          59/F LCX 66 0.76 0.65 6.9 2.0 ECG (+)

13        59/M RCA 66 0.75 0.58 5.1 6.0 Serum marker (+)

14        72/M LCX 63 0.75 0.67 7.3 3.0 ECG (+)

          Group III

1          55/M RCA 62 0.77 0.73 2.3 11.0 ECG(+)

          Group IV

1            68/F LAD 70 0.75 0.72 2.2 10.0 ECG (+)

2            61/F RCA 55 0.77 0.73 2.8 6.0 ECG (+)

3          55/M LCX 55 0.76 0.61 2.3 7.0 Serum marker (+)

4         63/ M RCA 55 0.75 0.62 1.8 11.0 Serum marker (+)

5         67/ M RCA 55 0.78 0.73 2.0 11.0 ECG (+)

FFR - fractional flow reserve; Hs-CRP - high-sensitivity C-reactive protein; MACE - major adverse cardiac events; ---, cardiac death; other abbreviation are noted in Table 2
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improve the prognosis. There were no differences in outcomes 
between PCI and delayed PCI treatment in gray-zone patients with 
normal CRP levels. This finding raises the question of whether 
these normal hs-CRP patients should undergo PCI treatment. Risk 
stratification of the hs-CRP level could guide treatment selection 
and serve as a predictor for gray-zone patients. Increased levels 
indicated PCI, and normal levels indicated delayed PCI treatment.

Discussion

The highlight of the present study was the finding that hs-CRP 
levels identified before coronary angiography were a predictor of 
whether patients in the FFR gray-zone (0.75–0.80) should receive 

PCI treatment. This study was conducted in the Department of 
Cardiology between January 2015 and March 2016, and the inter-
ventional procedures, including coronary angiography, FFR, and 
PCIs, were performed in the cardiology interventional treatment 
center at our hospital. The application of PCI and FFR has led 
to debate concerning the treatment of gray-zone patients (FFR, 
0.75–0.80). Although hs-CRP is known to be an important risk fac-
tor for long-term cardiovascular events, few have applied CRP in 
the study of gray-zone patients. Indeed, after 12 months of follow-
up, our results suggested that gray-zone patients should undergo 
personalized treatment according to risk stratification by hs-CRP 
levels. Patients with increased levels are recommended to un-
dergo PCI whereas normal levels suggest delayed PCI treatment 
despite the fact that these patients had identical FFR values.

Figure 1. Kaplan–Meier major adverse cardiac event in group II com-
pared with group I
Legends: The MACE curve showed that MACE incidence increased sig-
nificantly in group II compared with group I (P=0.039) 
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Figure 2. Kaplan–Meier major adverse cardiac event in group III com-
pared with group IV
Legends: The MACE curve showed that no difference in MACE inci-
dence between group III and IV (P=0.095)
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Figure 4. Kaplan–Meier major adverse cardiac event in group I com-
pared with group III
Legends: The MACE curve showed that the incidence of MACE in-
creased significantly in group I compared with group III (P=0.028) 
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Figure 3. Total Kaplan–Meier major adverse cardiac event
Legends: The total MACE curve showed that the incidence of MACE 
macrodistribution difference among four groups (P<0.05).
MACE: cardiac death, target vessel-related myocardial infarction, re-
vascularization
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Developmental history of FFR
After Pijls et al. (7) proposed the concept in 1993, FFR has 

been widely used in coronary artery lesion revascularization 
and in evaluation of the efficacy of PCI. FFR provides an accu-
rate and reproducible measure of the hemodynamic significance 
of stenosis. Thus, FFR has become internationally recognized 
as a functional evaluation index in myocardial ischemia, and 
it has been upgraded to a class IA classification in multivessel 
PCI in the current European Society of Cardiology guidelines for 
coronary revascularization (9, 10). A large number of clinical and 
basic studies have demonstrated that an FFR value of <0.75 pre-
dicts myocardial ischemia with a specificity of 100%, whereas an 
FFR value of >0.80 functions as a negative predictor and exhibits 
greater than 90% sensitivity for the development of myocardial 
ischemia (1).

FFR threshold under dispute
Data related to the clinical significance of FFR have been re-

ported in the FAME, FAMEII (11, 12), and DEFER studies (13) Two 
different FFR cutoff points (0.75 and 0.80) were applied, yielding 
positive results. FFR values between 0.75 and 0.80 are defined 
as the gray-zone, and whether to proceed to revascularization 
in these patients remains controversial. Legalery et al. (14) re-
ported that deferred PCI in gray-zone patients resulted in a MACE 
incidence as high as 21% after 12 months of follow-up. Shiono 
et al. (15) reported that delayed PCI in patients with an FFR of 
0.75–0.80 was more closely related to cardiovascular events than 
an FFR >0.80 after 5 years of clinical follow-up visits. By contrast, 
Lindstaedt et al. (16) showed that patients in the gray-zone who 
deferred revascularization had better outcomes than those who 
underwent revascularization. Many reports also indicate a bet-
ter prognosis in gray-zone patients for delayed PCI; thus, some 
physicians are more inclined to use the latter (17-19). Therefore, 

how to address moderate coronary lesions with controversial 
FFR cutoff values remains a hot topic of discussion (20).

Study of hs-CRP
Recent studies have indicated that imbalances between pro-

inflammatory and anti-inflammatory mechanisms result in the 
formation and development of coronary atherosclerotic heart 
disease and coronary atheroma (21). When a proinflammatory 
mechanism is dominant, the activation of an inflammatory reac-
tion serves as an important risk factor for long-term MACEs, and 
restenosis. As an inflammatory marker, CRP is generally involved 
throughout the entire process of atherosclerosis and plaque 
rupture (22). CRP also enhances platelet activity and promotes 
the incidence of arterial thrombosis (23). Long-term endothelial 
dysfunction causes vessel-wall trauma, exacerbating pathologi-
cal conditions in the coronary artery even in patients with stable 
angina. Increased CRP levels before intervention positively cor-
relate with cardiovascular risk events and serve as independent 
risk factors for cardiovascular disease (24). Liuzzo et al. (25) re-
ported that TVR patients with increased hs-CRP levels (≥3 mg/L) 
on admission had a higher incidence of MACE than did those 
with normal hs-CRP levels (<3 mg/L). At discharge, these patients 
also had higher readmission rates and higher risk of MI. Whether 
risk stratification could guide treatment selection in gray-zone 
patients remains unknown.

Individual therapeutics in FFR gray-zone
In the past, numerous studies focused on hs-CRP levels to 

evaluate different clinical types of CHD (26) or used coronary 
angiography and PCI as the judgment standard (27). Few studies 
focused on gray-zone patients. How patients with controversial 
values in the gray-zone should be treated remains undetermined. 
Indeed, patients with identical FFR values may show different 
clinical consequences (28). This point is worth pondering. The 
current study aimed to provide risk stratification of hs-CRP levels 
in patients with moderate coronary lesions and FFR gray-zone 
values, thereby guiding personalized treatment. Increased hs-
CRP levels (≥3 mg/L) tended to trigger the rupture of vulnerable 
plaques, bleeding, and thrombosis (29). This triggering leads to a 
high incidence of cardiovascular events. Logically, an increased 
hs-CRP level may guide us toward initiating more aggressive 
anti-inflammatory treatment (i.e., high-dose statins); neverthe-
less, aggressive statin treatment alone is insufficient to improve 
the prognosis. The data in Table 2 demonstrate that patients with 
high hs-CRP levels had more complex lesions, and Figure 1 dem-
onstrates poor prognosis in group II, requiring us to seek more 
solutions to decrease future cardiovascular events. PCI treat-
ment immediately improved ischemia caused by stenosis and re-
covered normal myocardial blood supply. Improving myocardial 
hemodynamics may be a superior guide in decision making for 
complex lesions. However, no differences were noted in normal 
hs-CRP patients, who received different treatments (PCI or de-
layed PCI). In the case of no difference in prognosis, delayed PCI 

Figure 5. Kaplan–Meier major adverse cardiac event in group II com-
pared with group IV
Legends: The MACE curve showed that the incidence of MACE in-
creased significantly in group II compared with group IV (P=0.006) 
MACE: cardiac death, target vessel-related myocardial infarction, re-
vascularization.
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in patients with normal hs-CRP level can save medical expenses 
and avoid bleeding and potential stents related to complications. 
Kaplan–Meier curves in our study indicate that delayed PCI 
treatment in normal hs-CRP level patients is feasible.

The current study demonstrated that it is worth considering 
personalized treatment for FFR gray-zone patients based on the 
enhanced anti-inflammatory antiplatelet therapy of high-risk pa-
tients. Debate over numeric values regarding whether to delay 
PCI treatment in gray-zone patients not only lacks of predictive 
value but is also a one-sided view.

Study limitations
This study had several limitations. First, the study population 

included only patients with FFR values of 0.75–0.80 who were 
selected among patients with angiographically intermediate 
single-vessel stenosis (percent DS, 40%–70%). Whether the re-
sults are also suitable for multiple-vessel stenosis is unknown. 
Further evaluation will be needed to examine the influence of 
other confounding factors. In addition, not all of our data could be 
compared, because two patients were lost to follow-up. Second, 
clinical follow-up lasted only 12 months. Another limitation was 
the small sample size, which limited the statistical power and the 
strength of our conclusions. A larger sample size with a longer 
follow-up period is required to confirm the present results and to 
predict future coronary events.

Conclusion

Hs-CRP levels were a predictor for MACE, and risk stratifica-
tion could guide treatment selection in gray-zone patients. An in-
creased hs-CRP level indicated PCI, whereas normal levels sug-
gested delayed PCI treatment. Patients with identical FFR values 
should receive different treatments.
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