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Background: Peri-procedural blood-pressure (BP) changes were investigated and correlated 
to Major adverse cardiovascular events (MACE) as predictor of outcome for patients under
going percutaneous coronary intervention (PCI); whether acute coronary syndrome (Unstable 
angina, or MI; STEMI or NSTEMI) or scheduled for elective PCI.
Methods: Resting BP in the 204 recruited patients undergoing PCI throughout 2018 was 
measured thrice – in the ward before transferring to the cardiac catheterization lab (cath lab), 
in the cath lab, and after transfer to the recovery room. Patients were categorized based on 
their systolic and diastolic BP peri-procedural difference as systolic (SBP): with a large 
difference (>20 mmHg, n=47), with a small difference (≤20 mmHg, n=157) (shock patients 
excluded); diastolic (DBP): with a large difference (>10 mmHg, n=65), and with a small 
difference (≤10 mmHg, n=139). The primary end-points were MACE including all-cause 
mortality, non-fatal myocardial infarction, and stroke during the hospital stay. The Mann– 
Whitney U and Chi-square tests were used to analyze the data accordingly (p<0.005).
Results: Within the category of MACE, cardiac mortality was the only adverse cardiac 
event encountered in the study sample. Cardiac mortality was significantly higher in both the 
large SBP-difference group versus the other group (10.6% vs 0.6%, p=0.003) and the large 
DBP-difference group versus the small-difference group (7.7% vs 0.7%, p=0.013).
Conclusion: Peri-procedural systolic and diastolic BP differences, greater than 20 mmHg 
and 10 mmHg, respectively, correlated with MACE in all patients undergoing PCI.
Keywords: percutaneous coronary intervention, major adverse cardiovascular events, peri- 
procedural BP changes

Introduction
Coronary heart disease (CHD) is a major cause of death and disability in developed 
countries. Although CHD mortality rates worldwide have decreased over the past four 
decades, CHD remains responsible for one-third or more of all deaths in individuals 
over age of 35. Also CHD is a leading cause of disease burden in developing countries 
as well.1–3 In 2001, there were 7.3 million deaths and 58 million disability-adjusted life 
years (DALYs) lost due to CHD worldwide. Three-fourths of these global deaths and 
82% of the total DALYs occurred in the low- and middle-income countries.4

In our study, we aimed to use simple parameters as arterial blood pressure as 
predictors of outcome in patients undergoing PCI on emergency and elective bases. 
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Predictors of outcome were MACE in terms of; in-hospital 
mortality, non-fatal myocardial infarction, target vessel 
revascularization, and stroke. Our follow-up period will 
be limited to in-hospital stay.

Coronary heart disease occurs due to complex patho
logical process named as atherosclerosis. Several factors 
promote atherosclerosis including genetic predisposition, 
cholesterol level, diabetes, hypertension, smoking, obesity, 
sedentary lifestyle, advancing age, gender, psychological 
status, and other risk factors (as homocysteine).5

Major adverse cardiovascular events (MACE) are the 
most commonly used composite end-point in cardiovascu
lar research. By definition, MACE as well as other com
posite end-points includes numerous clinical events of 
varying degrees of relatedness. MACE is an important 
cause of morbidity and mortality in CAD patients under
going percutaneous coronary interventions (PCI). The 
detection and treatment of the risk factors for MACE is 
critical to improve health and longevity.6–8

This study aimed to evaluate a simple parameter, arter
ial blood pressure, as a predictor of outcome in patients 
undergoing PCI both on emergency and elective bases. 
A correlation, if any, between the change in BP during 
the procedure and any MACE reported was evaluated. The 
cardiac adverse events used as end-points for this study 
were in-hospital mortality, non-fatal myocardial infarction, 
target vessel revascularization, and stroke. The follow-up 
period was limited to the in-hospital stay. Secondarily, 
various baseline characteristics, risk factors, and proce
dural parameters were also evaluated for association with 
MACE.

Materials and Methods
Study Population and Study Design
It is a prospective study conducted using an observational 
study design. 204 patients, admitted from January 2018 to 
July 2018 to the Kasr Alainy university hospital with 
a diagnosis of an acute coronary syndrome 
(ACS); (unstable angina/myocardial infarction), including 
patients who have undergone or are scheduled for a PCI 
(both emergency and elective), were recruited for the 
study. Ethical approval was obtained from the Ethical 
Committee, Cairo University Hospital Faculty of 
Medicine, Egypt. The Declaration of Helsinki and its sub
sequent modifications were strictly followed during the 
conduct of the study. Written informed consent and 
a verbal oration to ensure clear comprehension of the 

procedure were obtained from all patients who agreed to 
participate. The confidentiality of the data for each 
recruited patient was cautiously and strictly maintained.

All patients going to PCI with a sinus rhythm were 
included in the study. The patients were excluded based on 
these criteria - non-sinus rhythm (e.g., atrial and ventricu
lar arrhythmias, and paced rhythm), cardiogenic shock 
patients, patients in whom BP in the upper limb could 
not be measured and patients’ refusing enrollment in the 
study.

Procedure
All patients underwent a full history taking and clinical 
examination before the intervention. A thorough account 
of related comorbidities including a family history of 
CAD, atherosclerotic-related comorbidities as hyperten
sion, dyslipidemia, diabetes mellitus, and possible risk 
factors like smoking were taken. Hypertensive patients 
continued their medications till the time of admission to 
the cath lab. Pre- and post-procedural ECGs were done, 
besides the regular lab investigations-renal function tests, 
liver function tests, cardiac enzymes (CK, CK-MB), 
Troponin T, lipid profile. The recent echocardiograms 
were obtained from the central database or done during in- 
hospital stay. The resting BP in the right arm in supine 
lying was measured thrice – first; in the ward before 
transfer to the cath lab, second after the patient was laid 
down on the cath lab table before the PCI after the arterial 
puncture, and lastly post-procedure in the recovery room 
or the CCU. The differences in systolic and diastolic BP 
between CCU or ward pre-procedural, during cath lab 
intra-procedural, and post-procedural in CCU or recovery 
room were assessed. The indirect method, which involves 
collapsing the artery with an external cuff, was applied by 
a physician using an auscultatory sphygmomanometer. It 
provides an inexpensive and reproducible way to measure 
blood pressure.

A key component in measuring BP manually is 
Korotkoff’s phases. The Korotkoff’s phases have been 
classified as 5 phases with Phase I, IV, and V integral for 
obtaining an accurate BP measurement.9–12 Two measure
ments, which were later averaged out, at each location 
with at least a 1-minute interval between recordings were 
taken. Patients were divided according to the differences in 
systolic (SBP) and diastolic (DBP) into – systolic: group 
I with SBP difference > 20mmHg and group II with SBP 
difference ≤ 20 mmHg; diastolic: group I with DBP 
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difference > 10 mmHg and group II with DBP difference ≤ 
10 mmHg.

Procedure for PCI
All patients received a loading dose of 300 mg Aspirin, 
600 mg Clopidogrel, or 180 mg Ticagrelor according to the 
presence or absence of contraindications and risk factors. All 
medications were given before catheterization and an I.V. 
dose of unfractionated heparin (100 IU/kg) was given after 
the arterial puncture. Stents were implanted using standard 
techniques. A successful PCI was defined as the achievement 
of <30% residual stenosis diameter of all treated lesions as 
assessed by visual inspection or quantitative coronary 
angiography.15 Post PCI, unless contraindicated patients 
were continued on Aspirin indefinitely, and on Clopidogrel 
or Ticagrelor for at least 12 months.

Study Definitions and Endpoints
The primary endpoints were cardiac death, non-fatal MI, and 
stroke. Secondary outcomes were target vessel revasculariza
tion (TVR) and target lesion revascularization (TLR). Cardiac 
death was defined as death resulting from an evident cardiac 
cause, any death related to PCI, unwitnessed death, or death 
from an unknown cause after non-cardiac deaths were 
excluded. Non-fatal MI was defined using the fourth universal 
definition of myocardial infarction.12 Stroke is classically 
characterized as a neurological deficit attributed to an acute 
focal injury of the central nervous system (CNS) by a vascular 
cause, including cerebral infarction, intracerebral hemorrhage 
(ICH), and subarachnoid hemorrhage (SAH), and is a major 
cause of disability and death worldwide.13 TVR was defined 
as any clinically driven repeat PCI or surgical bypass of any 
segment within the entire epicardial coronary artery containing 
the target lesion.14 TLR was defined as any clinically driven 
repeat revascularization caused by 50% stenosis within the 
stent or within a 5-mm border proximal or distal to the stent.14

Statistical Analysis
Data were statistically described in terms of mean ± stan
dard deviation (SD), median and range, or frequencies 
(number of cases) and percentages as appropriate. 
A comparison of numerical variables between the study 
groups was done using the Mann–Whitney U-test for 
independent samples. For comparing categorical data 
(baseline characters, risk factors, and procedural para
meters) the Chi-square (χ2) test was performed. Fisher’s 
exact test was used instead when the expected frequency 
was less than 5. p < 0.05 was considered statistically 

significant. All statistical calculations were done using 
the IBM SPSS Statistics v. 22.

Results
Of the 204 patients included in the study, there were 172 
males and 32 females with a mean age of 58 ± 10.66 years, 
ranging from 28 to 84 years. All patients undergoing PCI 
were included apart from our exclusion criteria, including 
patients for emergency and elective PCI. Our sample size 
involved 115 were elective cases, while the rest 90 had 
emergency PCI (36 STEMI, 33 NSTEMI, and 21 unstable 
angina patients). Table 1 shows the baseline characteristics of 
our sample size.

Echo reports were present for 115 out of 204 patients 
(our sample size).BP difference was used as predictor of 
outcome for PCI patients, outcome was measured as 
MACE, study revealed that large systolic difference 
group (systolic difference >20 mmHg) was significantly 
related to MACE with P value 0.006. In patients with 
MACE systolic maximum difference mean was (27.33 
mmHg) while patients with smooth outcome systolic max
imum difference mean was 15.82 mmHg) as shown in 
Figure 1.

The large DBP difference group was significantly 
related to MACE (p=0.016). In patients with a major 
adverse cardiovascular event, the mean diastolic maximum 
difference was (15.33 mmHg) while the patients with 
smooth outcome mean diastolic maximum difference was 
(10 mmHg) as shown in Figure 2.

Enrolled in our study were 198 with smooth outcome 
and 6 with MACE in form of cardiac mortality only, no 
patients had non-fatal MI or target vessel revascularization 
or stroke. Screening of MACE was done all through intra- 
hospital stay of patients which average was 1 day stay to 2 
weeks.

Also, pre-procedural SBP (range- 80-170 mmHg, mean 
value 121 mmHg) demonstrated a statistically significant 
relation with MACE (p=0.001); the mean pre-procedural 
SBP in patients with MACE was 93.33 mmHg while in 
patients without MACE was 121.07 mmHg. The correla
tion between intra-procedural systolic BP (range-80- 
170mmHg mean value 117.2 mmHg) and MACE was 
statistically significant (p=0.004), with the mean intra- 
procedural SBP in patients with MACE of 92.33 mmHg 
and patients without MACE was 117.22. Similarly, the 
association of post-procedural SBP (range-85-180mmHg, 
mean value 123.64) with MACE was statistically signifi
cant with p=0.018, with a mean post-procedural SBP in 
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patients with MACE of 93.75 mmHg and 123.64 mmHg in 
patients without MACE. These results are presented in 
Table 2.

The pre-procedural DBP (range-55-100mmHg, mean- 
74.72 mmHg) demonstrated a statistically significant rela
tion with MACE (P value p=0.007), with a mean pre- 
procedural DBP of 63.33 mmHg in patients with MACE, 

and 74.72 mmHg in patients without MACE. Following 
this pattern, the intra-procedural DBP (range- 50-111 
mmHg, mean- 75.02 mmHg) was significantly related to 
MACE with (p=0.002), with a mean intra-procedural DBP 
of 58.67 mmHg in patients with MACE and 75.02 mmHg 
in patients without MACE. However, the relation between 
post-procedural DBP (range- 55-120 mmHg, mean- 76.87 
mmHg) and MACE was statistically non-significant 

Figure 1 The mean of the maximum change reached in systolic blood pressure (in 
mmHg) according to the occurrence of MACE.

Figure 2 The mean of the maximum change reached in diastolic blood pressure 
(mmHg) according to the occurrence of MACE.

Table 2 MACE Relation with Systolic Blood Pressure Maximum 
Difference, Pre-Procedural, Intra-Procedural and Post- 
Procedural Systolic Blood Pressure

MACE SBP 

Pre

SBP 

Intra

SBP 

Post

SBP 

Max Diff

No Mean 121.07 117.22 123.64 15.82

N 198 198 198 198

Standard deviation 15.574 14.900 17.237 11.859

Yes Mean 93.33 92.33 93.75 27.33

N 6 6 4 6

Standard deviation 19.408 19.470 22.867 7.941

P-value 0.001 0.004 0.018 0.006

Table 1 Baseline Characteristics of the Sample Size

Baseline Characteristics Mean ± SD

Age (in yrs.) 58.44 +10.662

Sex

Male n(%) 172 (84.31%)
Female n(%) 32 (15.69%)

Diabetes n(%) 105 (51.7%)
Hypertension n(%) 113 (55.4%)

Smoker n(%)
Non-smoker n(%) 94 (46.08%)

Smoker n(%) 89 (43.63%)

Ex-smoker n(%) 21 (10.29%)
Dyslipidemia n(%) 71 (34.8%)

Family history n(%) 26 (12.8%)

Elevated cardiac biomarkers n(%) 68 (34%)

ECG

Normal n(%) 37 (18.782%)

ST elevation n(%) 36 (18.274%)

ST depression n(%) 124 (62.944%)

Indication of procedure:

Elective patients n(%) 115 (56.372%)

Emergency patients

Unstable angina n(%) 21 (10.294%)
NSTEMI n(%) 33 (16.176%)

STEMI n(%) 36 (17.647%)

LV EF <50% n(%) 54 (47%)a
Procedure time (in mins) 49.115 + 28.996

Dissection n(%) 1 (0.5%)

No reflow n(%) 2 (1%)
Side branch compromise n(%) 5 (2.5%)

Number of diseased vessels n(%) 1.71 + 0.777

Number of stents deployed n(%) 1.74 + 0.935

Blood pressure (systolic in mmHg)

Pre-procedural 120.25 + 16.332
Intra-procedural 116.49 + 15.574

Post-procedural 123.04 + 17.789

Blood pressure (diastolic in mmHg)

Pre-procedural 74.39 + 9.311

Intra-procedural 74.54 + 9.337
Post-procedural 76.61 + 10.215
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(p=0.052). The mean post-procedural DBP in patients with 
MACE was 63.75 mmHg, while it was 76.87 mmHg in 
patients without MACE (Table 3).

One hundred and ninety-eight of the recruited sample had 
a smooth outcome, with only six faced a MACE in the form of 
cardiac mortality. No other major cardiac adverse event (non- 
fatal MI or target vessel revascularization or stroke) was 
reported. Screening of MACE was done throughout the 
patients’ intra-hospital stay, which was a 1-day to 2 weeks 
stay on average. Cardiac mortality was significantly higher in 
the large SBP difference group compared to the small differ
ence group (10.6% vs 0.6%, p=0.003) (Table 4). Likewise, it 
was higher in the large DBP difference group compared to the 
small difference group (7.7% vs 0.7%, p=0.013) (Table 5).

We had six patients with MACE, which was confined to 
cardiac mortality. Cardiac mortality was significantly higher in 
the large systolic BP difference group compared to the small 
difference group (10.6% vs 0.6%) with P-value 0.003. Also it 
was higher in the large diastolic difference group compared to 
small difference group (7.7% vs 0.7%) with P-value 0.013.

All patient characteristics including the co-morbidities 
(age, sex, diabetes mellitus, hypertension, dyslipidemia, 
family history, and smoking) were evaluated for 
a correlation with MACE. Of the 204 recruited patients, 
105 patients had Diabetes Mellitus, 113 were hypertensive, 
71 were known cases of dyslipidemia, 26 had a family 
history of coronary heart disease, and in terms of smoking 
habit 94 were non-smokers, 89 smokers and 21 were ex- 
smokers, characteristics of the MACE population is shown 
in Table 6. It was found that age and sex were not corre
lated with MACE, with P values 0.469 and p=1.000, 
respectively. In the same way, diabetes, hypertension, 
family history, dyslipidemia, and smoking were not statis
tically significant to show a correlation with MACE 
(p=0.213, 0.694, 0.565, 0.186, and 0.508, respectively).

The electrocardiogram of 37 patients was normal, 
while 124 patients had significant ST changes (apart 
from ST-elevation) and 36 patients had an ST-segment 
elevation. The ECG changes were statistically significant 
to demonstrate a correlation with MACE (p=0.001). Fifty- 
four of the recruited patients (with available recent echo
cardiography reports or indication of performing Echo 
during their hospital stay) had impaired left ventricular 
systolic function (when the EF was less than 50%), 
which significantly correlated with MACE (p=0.009). 
Sixty-eight patients had elevated cardiac enzymes (out of 
the valid labs for 200 patients). Elevated cardiac enzymes 
indicating a myocardial infarction, whether STEMI or 
NSTEMI, correlated well with MACE when statistical 
significance was evaluated (p=0.018).

Regarding the PCI procedure, the correlation between the 
procedure time and MACE was not statistically significant 
(p=0.102). The “number of vessels affected” statistics 

Table 3 MACE Relation with Diastolic Blood Pressure Maximum 
Difference, Pre-Procedural, Intra-Procedural, and Post- 
Procedural Diastolic Blood Pressure

MACE DBP 

Pre

DBP 

Intra

DBP 

Post

DBP 

Max Diff

No Mean 74.72 75.02 76.87 10.08

N 198 198 198 198

Standard deviation 9.141 8.909 10.024 7.053

Yes Mean 63.33 58.67 63.75 15.33

N 6 6 4 6

Standard deviation 8.756 10.033 12.920 3.615

P-value 0.007 0.002 0.052 0.016

Table 4 Correlation of the Systolic Blood Pressure Maximum Difference Groups with MACE

MACE Total

No Yes

SBP max diff group 20 or less Count 156 1 157
% within SBP max diff group 99.4% 0.6% 100.0%

% within MACE 78.8% 16.7% 77.0%

> 20 Count 42 5 47
% within SBP max diff group 89.4% 10.6% 100.0%
% within MACE 21.2% 83.3% 23.0%

Total Count 198 6 204
% within SBP max diff group 97.1% 2.9% 100.0%

% within MACE 100.0% 100.0% 100.0%
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showed that 94 patients had a single vessel disease, while 69 
patients had a two-vessel disease, and 39 patients had three- 
vessel disease. When this factor was evaluated for correlation 
with MACE, the results were not statistically significant 
(p=0.666). The number of stents deployed during the proce
dure (maximum stents deployed=5) was not statistically sig
nificant enough to correlate with MACE (p=0.988).

During the study, there were some procedural complica
tions related to PCI – 1 patient had vessel dissection, 5 patients 
had vessel side-branch compromise, and 2 patients had no- 

reflow. All these complications were not statistically signifi
cant when correlated with MACE (p=1.000, 1.000, and 1.000).

Discussion
This study observed the relationship between peri-procedural 
BP changes and the outcome of PCI in patients during the in- 
hospital stay, where the outcome was measured in terms of 
MACE which included all-cause mortality, cardiac mortality, 
non-fatal myocardial infarction, target vessel revasculariza
tion, and finally stroke. The results of the study demonstrate 
that peri-procedural BP changes were significantly related to 
MACE for patients undergoing PCI, with a cut-off value for 
systolic blood pressure maximum difference of >20 mmHg, 
and >10 mmHg for diastolic blood pressure maximum differ
ence. The pre, intra, and post-procedural readings for systolic 
BP, and pre and intra-procedural diastolic BP readings were 
significantly related to the MACE during the hospital stay. 
Several baseline characteristics like ECG ischemic changes, 
including the ST-elevation and ST changes (T wave ischemic 
changes and ST depression), and left ventricular function (EF 
< 50%) were significantly related to MACE.

Ae-Young Her et al discussed the association of blood 
pressure to outcome in patients undergoing PCI. The study 
examined the relationship between BP differences and long- 
term clinical outcomes in patients subjected to PCI with drug- 
eluting stents (DES), showing that the differences in BP from 
ward-to-cath lab can adversely affect their long-term clinical 
outcomes. The present study investigated the peri-procedural 
BP (systolic and diastolic) changes at two other instances 
besides the pre-procedural measurement in the ward, as 
a second reading in the cath lab after the arterial puncture, 
and third after the procedure in the recovery room or CCU. 
However, unlike Ae-Young Her et al, only the short-term 

Table 6 Characteristics of MACE Population

MACE 6 Patients

Hypertensive 5 patients

Diabetic 5 patients

LV EF <50% 5 patients

Elevated Cardiac biomarkers 5 patients

Indication of PCI
STEMI 4 patients

N-STEMI 1 patient

Unstable angina 1 patient
Smoker 2 patients

Family history of CAD 1 patient

Systolic BP (in mmHg)

Pre-procedural 93.33

Intra-procedural 92.33
Post-procedural 93.75

Diastolic BP (in mmHg)
Pre-procedural 63.33

Intra-procedural 58.67

Post-procedural 63.75

Table 5 Correlation of the Diastolic Blood Pressure Maximum Difference Groups with MACE

MACE Total

No Yes

DBP max diff group 10 or less Count 138 1 139
% within DBP max diff group 99.3% 0.7% 100.0%

% within MACE 69.7% 16.7% 68.1%

>10 Count 60 5 65
% within DBP max diff group 92.3% 7.7% 100.0%

% within MACE 30.3% 83.3% 31.9%

Total Count 198 6 204

% within DBP max diff group 97.1% 2.9% 100.0%
% within MACE 100.0% 100.0% 100.0%
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outcome (in-hospital stay MACE) and not the long-term 
1-year outcome was researched. Also, the present study 
recruited all patients undergoing PCI (both elective and emer
gency, including ACS-NSTEMI and STEMI), concluding that 
the systolic and diastolic BP significantly related to MACE 
during the in-hospital stay.

Lingman et al studied the impact of hypertension and 
diabetes on the long-term outcome in patients undergoing 
PCI in a sample of 44,268 patients. Hypertension per se 
was not associated with increased mortality, but increased 
the risk for MI, stroke, and congestive heart failure, and 
probably related to widespread coronary artery disease.16 

Hypertension, as a disease, was correlated to the outcome 
of coronary intervention in the study by Lingman et al. In 
this study, acute peri-procedural systolic and diastolic 
maximum blood pressure changes were correlated with 
MACE, while some of our patients with systolic and 
diastolic maximum changes greater than the set cut-off 
values were not even known hypertensive. Consequently, 
hypertension per se was not statistically related to MACE 
during the hospital stay (short-term outcome) in the pre
sent study.

During our investigation of in-hospital MACEs cardiac 
death was the only reported MACE, with no account of 
any non-fatal MI, target vessel revascularization, or stroke. 
In 2014, Spyridopolous et al studied the shock index as 
a novel predictor of long-term outcomes, in terms of 
mortality and other parameters, following a primary PCI 
(PPCI).17 The aim of study was to evaluate the shock 
index (ratio of heart rate/systolic blood pressure on admis
sion) as a predictor of mortality post PPCI in addition to 
other parameters.18 Invasively measured shock index 
before PPCI is the strongest independent predictor of long- 
term outcome in elderly patients.

We also measured blood pressure pre, intra, and post- 
procedural, also in hospital MACE (short-term outcome) 
was our evaluated outcome, while in the other study, short- 
and long-term outcome were evaluated. In our study, the 
pre-procedural systolic blood pressure was significantly 
related to the in-hospital MACE in our sample which 
included both elective and emergency patients (ACS- 
NSTEMI and STEMI). A series of studies have shown 
that the prognosis of acute myocardial infarction is better 
in patients who have a higher BP at admission.19–22 SBP is 
included in several acute coronary syndrome prognosis 
scores.23–30 A retrospective study by Mornos et al sug
gested that vital signs, HR and SBP, reported on the 
admission of STEMI patients can provide valuable 

information about the risk of in-hospital death after 
a primary PCI. HR ≥ 80 bpm and SBP ≤ 105 mmHg 
correlated well with an increased risk of death in this 
retrospective study.18

Regarding BP, peri-procedural systolic and diastolic 
BP changes with cut off values >20 mmHg and >10 
mmHg for systolic BP changes and diastolic changes, 
respectively, were significantly related to in hospital 
MACE also Pre-procedural, intra-procedural, and post- 
procedural systolic blood pressure were significantly 
related to MACE with mean values 93.33, 92.33, and 
93.75 mmHg, respectively. Also pre-procedural and intra- 
procedural diastolic BP were significantly related to In- 
hospital MACE with mean values 63.33 and 58.67 mmHg, 
respectively.

Limitations of the Study
The sample size of 204 was small when considering the 
prevalence of CHD requiring PCI. Also, the method of 
blood pressure variability (wherein the 24 hours ambulatory 
BP monitoring is done) for detecting changes in BP was not 
employed. However, the three peri-procedural readings (pre- 
procedural, intra-procedural, and post-procedural) are repre
sentative of a more feasible method used in the routine 
clinical practice. Although fortunate, the limited adverse 
events that happened (six patients reporting cardiac death, 
and a small number of procedural complications in the form 
of dissection, no-reflow, and side branch compromise) limit 
the generalization of the study results. Lastly, the major 
adverse events were monitored only during the hospital 
stay (short-term monitoring), and no long-term outcomes 
were investigated.

Abbreviations
ACS, Acute Coronary Syndrome; BP, Blood Pressure; CAD, 
Coronary Artery Disease; CCU, Coronary Care Unit; CK, 
Creatine Kinase; CK-MB, Creatine Kinase Myocardial 
Band; CHD, Coronary Heart Disease; DALYs, Disability 
Adjusted Life Years; DBP, Diastolic Blood Pressure; EF 
Ejection Fraction; HR, Heart Rate; IU, International Unit; 
MACE, Major Adverse Cardiovascular Events; N-STEMI, 
Non-ST Elevated Myocardial Infarction; PCI, Percutaneous 
Coronary Intervention; SBP, Systolic Blood Pressure; 
STEMI, ST-Elevated Myocardial Infarction; SD, Standard 
Deviation; TLR, Target Lesion Revascularization; TVR, 
Target Lesion Revascularization.

Integrated Blood Pressure Control 2020:13                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
193

Dovepress                                                                                                                                                            Labib et al

http://www.dovepress.com
http://www.dovepress.com


Acknowledgment
We are thankful to the Cardiology Department, Kasr Al Ainy, 
and the Cath lab team including all my professors, consultants, 
colleagues, nurses, technicians, and everyone who helped the 
completion of this research. All procedures were carried out in 
the Cardiology Department, Kasr Al Ainy Cath lab.

This manuscript abstract was presented in World Congress 
on Cardiac Nursing and Cardiology Tokyo 
4-5 November 2019. http://cardiacnursing.pulsusconfer 
ence.com.

Disclosure
The authors report no conflicts of interest for this work.

References
1. Coronary Heart Disease Statistics. British Heart Foundation. 

Published 13/ 12/2012.resource code: G 608/1012/CHA. 2012.
2. Nichols M, Townsend N, Scarborough P, Rayner M. Cardiovascular 

disease in Europe: epidemiological update. Eur Heart J. 2013;34 
(39):3028–3034. doi:10.1093/eurheartj/eht356

3. Levy LB. Dietary strategies, policy and cardiovascular disease risk 
reduction in England. Proc Nutr Soc. 2013;72(4):386–389. 
doi:10.1017/S0029665113001328

4. Who, The world health report. Reducing Risks, Promoting Healthy 
Life. World Health Organization; 2002.

5. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. Global 
and regional burden of disease and risk factors, 2001: systematic 
analysis of population health data. Lancet. 2006;367 
(9524):1747–1757. doi:10.1016/S0140-6736(06)68770-9

6. Kip KE, Hollabaugh K, Marroquin OC, Williams DO. The problem with 
composite end points in cardiovascular studies. The story of major 
adverse cardiac events and percutaneous coronary intervention. J Am 
Coll Cardiol. 2008;51(7):701–707. doi:10.1016/j.jacc.2007.10.034

7. Grayson AD, Moore RK, Jackson M, et al; North West Quality 
Improvement Programme in Cardiac Interventions. Multivariate pre
diction of major adverse cardiac events after 9914 percutaneous 
coronary interventions in the north west of England. Heart. 2006;92 
(5):658–663. doi:10.1136/hrt.2005.066415

8. Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable 
risk factors associated with myocardial infarction in 52 countries (the 
INTERHEART study): case-control study. Lancet. 2004;364 
(9438):937-952. doi:10.1016/S0140-6736(04)17018-9

9. Ishii S, Inomata T, Ikeda Y, et al. Clinical significance of heart rate 
during acute decompensated heart failure to predict left ventricular 
reverse remodeling and prognosis in response to therapies in non 
ischemic dilated cardiomyopathy. Heart Vessels. 2014;29:88–96. 
doi:10.1007/s00380-013-0335-0

10. Cassese S, Byrne RA, Tada T, et al. Incidence and predictors of 
restenosis after coronary stenting in 10 004 patients with surveillance 
angiography. Heart. 2014;100:153–159.

11. Kolloch R, Legler UF, Champion A, et al. Impact of resting heart rate on 
outcomes in hypertensive patients with coronary artery disease: findings 
from the INternational VErapamil-SR/trandolapril STudy (INVEST). 
Eur Heart J. 2008;29(10):1327-1334. doi:10.1093/eurheartj/ehn123

12. Thygesen K, Alpert JS, White HD, et al.; Task Force Members, ESC 
Committee for Practice Guidelines, Document Reviewers. Universal 
definition of myocardial infarction: kristian Thygesen, Joseph 
S. Alpert and Harvey D. White on behalf of the joint ESC/ACCF/ 
AHA/WHF task force for the redefinition of myocardial infarction. 
Eur Heart J. 2007;28(20):2525–2538. doi:10.1093/eurheartj/ehm355

13. Easton JD, Saver JL, Albers GW, et al. Definition and evaluation of 
transient ischemic attack: a scientific statement for healthcare profes
sionals from the American heart association/American stroke asso
ciation stroke council; Council on cardiovascular surgery and 
anesthesia; Council on cardiovascular radiology and intervention; 
council on cardiovascular nursing; and the interdisciplinary council 
on peripheral vascular disease. Stroke. 2009;40:2276–2293.

14. Cho KI, Ann SH, Singh GB, Her AY, Shin ES. Combined usefulness 
of the platelet-to-lymphocyte ratio and the neutrophil-to-lymphocyte 
ratio in predicting the long-term adverse events in patients who have 
undergone percutaneous. PLoS One. 2015;10(7):e 0133934. 
doi:10.1371/journal.pone.0133934

15. Levine GN, Bates ER, Blankenship JC, et al. 2011 ACCF/AHA/ 
SCAI guideline for percutaneous coronary intervention. A report of 
the American college of cardiology foundation/American heart asso
ciation task force on practice guidelines and the society for cardio
vascular angiography and interventions. J Am Coll Cardiol. 2011;58 
(54):e 44–122. doi:10.1016/j.jacc.2011.08.007

16. Lingman M, Albertsson P, Herlitz J, Bergfeldt L, Lagerqvist B. The 
impact of hypertension and diabetes on outcome in patients under
going percutaneous coronary intervention. Am J Med. 2011;124 
(3):265-275. doi:10.1016/j.amjmed.2010.09.015

17. Spyridopoulos I, Noman A, Ahmed JM, et al. Shock-index as a novel 
predictor of long-term outcome following primary percutaneous cor
onary intervention. Eur Heart J Acute Cardiovasc Care. 2015;4 
(3):270-277. doi:10.1177/2048872614561480

18. Bordejevic DA, Caruntu F, Mornos C, et al. Prognostic impact of 
blood pressure and heart rate at admission on in-hospital mortality 
after primary percutaneous intervention for acute myocardial 
infarction with ST-segment elevation in western Romania. Ther 
Clin Risk Manag. 2017;13:1061–1068. doi:10.2147/TCRM. 
S141312

19. Bertrand ME, Simoons ML, Fox KAA, et al. Management of acute coronary 
syndromes in patients presenting without persistent ST-segment elevation. Eur 
Heart J. 2002;23(23):1809–1840. doi:10.1053/euhj.2002.3385

20. Gheorghiade M, Abraham WT, Albert NM, et al. Systolic blood 
pressure at admission, clinical characteristics, and outcomes in 
patients hospitalized with acute heart failure. J Am Med Assoc. 
2006;296(18):2217–2226. doi:10.1001/jama.296.18.2217

21. Pitsavos C, Panagiotakos DB, Zombolos S, et al. Systolic blood 
pressure on admission predicts in-hospital mortality among patients 
presenting with acute coronary syndromes: the Greek study of acute 
coronary syndromes. J Clin Hypertens. 2008;10:362–366. 
doi:10.1111/j.1751-7176.2008.07619.x

22. Shiraishi J, Kohno Y, Sawada T, et al. Systolic blood pressure at 
admission, clinical manifestations, and in-hospital outcomes in 
patients with acute myocardial infarction. J Cardiol. 2011;58:54–60. 
doi:10.1016/j.jjcc.2011.04.003

23. Fox KAA, Gore JM, Eagle KA, et al. Rationale and design of the 
GRACE (Global Registry of Acute Coronary Events) project: 
a multinational registry of patients hospitalized with acute coronary 
syndromes. Am Heart J. 2001;141:190–199.

24. The GUSTO Investigators. An international randomized trial compar
ing four thrombolytic strategies for acute myocardial infarction. 
N Engl J Med. 1993;329:673–682. doi:10.1056/NEJM199309023291 
001

25. Topol EJ. A comparison of recombinant hirudin with heparin for the 
treatment of acute coronary syndromes. The Global Use of Strategies 
to Open Occluded Coronary Arteries (GUSTO) II b. N Engl J Med. 
1996;335(11):775–782.

26. Braunwald E, Neuhaus KL, Antman E, et al. Intravenous lanoteplase 
for the treatment of infarcting myocardium early: in TIME-II, a 
double-blind comparison of single-bolus lanoteplase vs accelerated 
alteplase for the treatment of patients with acute myocardial 
infarction. Eur Heart J. 2000;21:2005–2013.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Integrated Blood Pressure Control 2020:13 194

Labib et al                                                                                                                                                             Dovepress

http://cardiacnursing.pulsusconference.com
http://cardiacnursing.pulsusconference.com
https://doi.org/10.1093/eurheartj/eht356
https://doi.org/10.1017/S0029665113001328
https://doi.org/10.1016/S0140-6736(06)68770-9
https://doi.org/10.1016/j.jacc.2007.10.034
https://doi.org/10.1136/hrt.2005.066415
https://doi.org/10.1016/S0140-6736(04)17018-9
https://doi.org/10.1007/s00380-013-0335-0
https://doi.org/10.1093/eurheartj/ehn123
https://doi.org/10.1093/eurheartj/ehm355
https://doi.org/10.1371/journal.pone.0133934
https://doi.org/10.1016/j.jacc.2011.08.007
https://doi.org/10.1016/j.amjmed.2010.09.015
https://doi.org/10.1177/2048872614561480
https://doi.org/10.2147/TCRM.S141312
https://doi.org/10.2147/TCRM.S141312
https://doi.org/10.1053/euhj.2002.3385
https://doi.org/10.1001/jama.296.18.2217
https://doi.org/10.1111/j.1751-7176.2008.07619.x
https://doi.org/10.1016/j.jjcc.2011.04.003
https://doi.org/10.1056/NEJM199309023291001
https://doi.org/10.1056/NEJM199309023291001
http://www.dovepress.com
http://www.dovepress.com


27. Krumholz HM, Chen J, Wang Y, Radford MJ, Chen YT, 
Marciniak TA. Comparing AMI mortality among hospitals in patients 
65 years of age and older: evaluating methods of risk-adjustment. 
Circulation. 1999;99(23):2986–2992. doi:10.1161/01. 
CIR.99.23.2986

28. Williams BA, Wright RS, Murphy JG, Brilakis ES, Reeder GS, 
Jaffe AS. A new simplified immediate prognostic risk score for 
patients with acute myocardial infarction. Emerg Med J. 
2006;23:186–192. doi:10.1136/emj.2005.027326

29. Pogorevici A, Citu IM, Bordejevic DA, Caruntu F, Tomescu MC. 
Canada acute coronary syndrome score was a stronger baseline pre
dictor than age ≥75 years of in-hospital mortality in acute coronary 
syndrome patients in western Romania. Clin Interv Aging. 
2016;11:481–488.

30. Dyer AR, Persky V, Stamler J, et al. Heart rate as a prognostic factor 
for coronary heart disease and mortality: findings in three Chicago 
epidemiologic studies. Am J Epidemiol. 1980;112:736–749. 
doi:10.1093/oxfordjournals.aje.a113046

Integrated Blood Pressure Control                                                                                                    Dovepress 

Publish your work in this journal 
Integrated Blood Pressure Control is an international, peer-reviewed 
open-access journal focusing on the integrated approach to mana
ging hypertension and risk reduction. Treating the patient and comor
bidities together with diet and lifestyle modification and optimizing 
healthcare resources through a multidisciplinary team approach 
constitute key features of the journal. This journal is indexed on 

American Chemical Society’s Chemical Abstracts Service (CAS). 
The manuscript management system is completely online and 
includes a very quick and fair peer-review system, which is all 
easy to use. Visit http://www.dovepress.com/testimonials.php to 
read real quotes from published authors.   

Submit your manuscript here: https://www.dovepress.com/integrated-blood-pressure-control-journal

Integrated Blood Pressure Control 2020:13                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
195

Dovepress                                                                                                                                                            Labib et al

https://doi.org/10.1161/01.CIR.99.23.2986
https://doi.org/10.1161/01.CIR.99.23.2986
https://doi.org/10.1136/emj.2005.027326
https://doi.org/10.1093/oxfordjournals.aje.a113046
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

	Introduction
	Materials and Methods
	Study Population and Study Design
	Procedure
	Procedure for PCI
	Study Definitions and Endpoints
	Statistical Analysis

	Results
	Discussion
	Limitations of the Study
	Abbreviations
	Acknowledgment
	Disclosure
	References

