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Abstract

Objectives

The aim of this study was to assess the prognosis in patients with left main coronary artery stenosis one year after percutaneous coronary intervention (PCI).

Methods

Our study included 40 patients who underwent PCI for left main coronary artery

stenosis without the use of intravascular ultrasound (IVUS). Patients were followed for a year, and the prognostic effect of PCI on a composite end-point of revascularization, new myocardial infarction, cardiac death, and on all-cause mortality was assessed in multivariable Cox analysis.

Results

The multivariable analysis showed a good prognosis in patients receiving PCI with a total event rate of 7.5%. The independent predictors for major adverse cardiac events (MACE) were diabetes (p = 0.02). Other prognostic factors included in the model were gender, age, smoking, body mass index (BMI), hypertension, the complexity of the vessel, and ejection fraction.

Conclusion

PCI for left main coronary artery stenosis without the use of IVUS has a good prognosis after one year of clinical follow-up.
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Introduction

Left main coronary artery disease (LMCAD) is associated with significant morbidity and mortality. The relative risk of perioperative mortality for patients with significant LMCA stenosis compared with patients without LMCAD is 1.3. The five-year mortality in coronary-artery bypass grafting (CABG) patients with three-vessel disease is 10.7%, compared with 15.8%
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[bookmark: page2][image: ]in patients with LMCAD [1-4]. Conventionally, CABG is recommended for most patients with LMCAD [5-6].

However, more recently, randomized trials have shown that percutaneous coronary intervention (PCI) might be an acceptable alternative for such lesions in certain cases [7-10]. This is particularly true in patients with coronary artery disease of low or intermediate anatomical complexity [9]. With recent advances in an improved risk factor profile, careful patient selection, newer drug-eluting stents (DES), and improved intravascular imaging modalities, the use of PCI is expanding.

The aim of this study was an evaluation of clinical outcomes, including unstable angina, myocardial infarction, target vessel revascularization, and death in patients undergoing left main stem stenting without the use of intravascular imaging. Informed consent was taken from all participants in the study which abided by the Declaration of Helsinki.

Materials And Methods

Enrollment, randomization, and follow-up

Patients were assessed for eligibility by interventional cardiologists in collaboration with cardiac surgeons. Inclusion criteria included stenosis of the left main coronary artery of 50% or more, as estimated visually, with a consensus for eligibility for revascularization with either PCI or CABG and patients with a low-to-intermediate anatomical complexity of coronary artery disease (SYNTAX score 32 or less). Exclusion criteria included left main stem disease, along with triple vessel disease, and patients with a high anatomical complexity of coronary artery disease (Synergy Between PCI with Taxus and Cardiac Surgery (SYNTAX) score more than 32).

A history was taken and a detailed examination was done for all patients. Twelve-lead electrocardiography was performed before and after the procedure. Levels of the troponin were measured at the baseline and at 12 and 24 hours after the procedure. Clinical follow-up was performed at one month, six months, and one year. Echocardiography was done at the baseline and then at one year during follow-up. Risk factors were managed according to standard protocols, and guideline-directed medical therapy was recommended for all the patients.

Revascularization strategies and medications

The technique of performing PCI is described in detail elsewhere [11]. Intravascular ultrasonographic guidance was not used. Drug-eluting stents were deployed in all patients. Anticoagulation was achieved with heparin during the procedure and with glycoprotein (GP) IIb/IIIa inhibitors in the initial 12 hours post procedure. Dual antiplatelet therapy was advised for all patients.

Assessment of risk and follow-up for adverse outcomes

A team of cardiologists was involved in the follow-up of patients. Patients were contacted after a year by telephone, as well as scheduled consultations to assess for adverse events. Three patients were lost to follow-up due to change of permanent address and telephone numbers. Outcomes included in major adverse cardiac events (MACE) were cardiac death, death due to other causes, myocardial infarction, unstable angina, and target vessel revascularization (TVR).

Statistics

The distribution of variables was assessed using the Kołmogorov-Smirnov test. Statistical analysis results are expressed as the means ± SD. The t-test and one-way analysis of variance
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[bookmark: page3][image: ](one-way ANOVA) were performed on normally distributed data. For analysis of nominal data and proportions (hypertension, and smoking), the x2 test was used. Cox proportional hazards analysis were used to identify risk factors for the occurrence of MACE during follow-up. All baseline, demographic, clinical, and angiographic variables were entered into the model. Results are reported as hazard ratios (HRs) and 95% CIs. All statistical tests were two-tailed, and p values were statistically significant at < 0.05. All data were analyzed using the Statistical Package for Social Sciences (SPSS) (IBM SPSS Statistics, Armonk, NY), V.20.0 software.

Results

The mean age of our study sample was 59 ± 13.02 years. For the purpose of PCI, only DES (sirolimus, everolimus, rapamycin, zotarolimus) were used. Out of the 40 patients who underwent PCI for left main stem disease, 27 (67.5%) were men and 13 (32.5%) were women. Ten patients (25%) were smokers, while 30 (75%) were nonsmokers; nine (22.5%) patients were overweight, 14 (35%) had diabetes, and 13 (32.5%) were hypertensive. Four (10%) of the 40 patients in our study had multivessel disease.

No reflow phenomena were found in any of the patients during the procedure. All 40 (100%) patients were given adjunctive treatment with GP IIb/ IIIa antagonists in the catheterization laboratory, as well as for 12 - 24 hours post-procedure. With regard to maintenance therapy after PCI, 100% were receiving aspirin, clopidogrel, and nitrates, 97.5% received beta-blockers, 90% received angiotensin-converting enzyme inhibitors (ACEI), and 45% received diuretics. Baseline characteristics for the study sample are shown in Table 1.
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	27/67.5
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	13/32.5
	
	

	
	
	
	
	
	

	
	
	Smoking
	
	10/25
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	9/22.5
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	14/35
	
	

	
	
	
	
	
	
	

	
	
	Hypertension
	13/32.5
	
	

	
	
	
	
	
	

	
	
	Multivessel disease
	
	4/10
	
	

	
	
	
	
	
	
	

	
	
	Ejection Fractionb
	45±12
	
	

	
	
	Aspirin
	
	40/100
	
	

	
	
	
	
	
	
	

	
	
	Clopidogrel
	40/100
	
	

	
	
	
	
	
	

	
	
	Beta Blockers
	
	39/97.5
	
	

	
	
	
	
	
	
	

	
	
	ACEI
	36/90
	
	

	
	
	
	
	
	

	
	
	Nitrates
	
	40/100
	
	

	
	
	
	
	
	
	

	
	
	Diuretics
	18/45
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TABLE 1: Baseline Characteristics of Patients Included in Study

· Expressed as mean in years

· Expresses as mean with standard deviation

n: number; BMI: body mass index; ACEI: angiotensin converting enzyme inhibitors
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Cumulative MACE for this study was 7.5% (three patients). The Kaplan Meier analysis is shown in Figure 1.
[image: ]















2018 Mahmood et al. Cureus 10(6): e2857. DOI 10.7759/cureus.2857	4 of 10

[bookmark: page5][image: ]

























FIGURE 1: Kaplan Meier analysis of subjects included in study
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The one-year mortality was 5% (two patients): myocardial infarction 2.5% (one patient) and unstable angina episodes 2.5% (one patient), and no patient had target vessel revascularization. Among the patients with adverse events, one myocardial infarction patient died.

A multivariate Cox regression analysis with risk factors for coronary artery disease as predictive

variables and MACE as the dependent variable were carried out. Analysis showed that diabetes

(P = 0.02) was an independent predictor of MACE. Variables excluded by the model were age (P =

0.42), gender (P = 0.75), smoking (P = 0.42), body mass index (BMI) (P = 0.47), hypertension (P =

0.84), ejection fraction (EF) (P = 0.89), and multivessel disease (P = 0.28) as shown in Table 2.
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	Index
	
	Hazard Ratio
	(95% CI)
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	Age
	
	1.18 (0.81 - 1.73)
	
	
	0.42
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	Gender
	0.94 (0.72 - 1.23)
	
	0.75
	
	

	
	
	
	
	
	
	
	

	
	
	Smoking
	
	1.01 (0.99 - 1.03)
	
	
	0.42
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	BMI
	1.08 (0.84 - 1.38)
	
	0.47
	
	

	
	
	
	
	
	
	
	

	
	
	Diabetes
	
	1.51 (1.11 - 2.06)
	
	
	0.02
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	Hypertension
	0.96 (0.76 - 1.23)
	
	0.89
	
	

	
	
	
	
	
	
	
	

	
	
	Multivessel Disease
	
	1.18 (0.91 - 1.52)
	
	
	0.28
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	Ejection Fraction
	1.03 (0.78 - 1.35)
	
	0.84
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TABLE 2: Cox Regression Table With Hazard Ratio For Various Variables

CI: confidence interval; BMI: body mass index
[image: ][image: ]



Discussion

Left main stem (LMS) disease has prognostic significance and is found in about 5% of patients admitted for coronary angiographies [12-13]. The Coronary Artery Surgery Study (CASS) showed significantly improved five-year mortality in CABG as compared to medical therapy (16% vs 43%) [14]. CABG is traditionally regarded as the standard treatment for LMS disease, but since the start of PCI era, interventional cardiologists have been rigorously assessing its role in LMS disease.

The high survival rate for post-CABG patients has been shown in multiple studies [15]. However, the Unprotected Left Main Trunk Intervention Multicenter Assessment (ULTIMA) registry demonstrated promising results for PCI to left main stem with 24% one-year mortality which was even lower in the low-risk group (3.4%) [16]. Biondi-Zoccai et al. [17] also demonstrated a MACE rate of 10.6 and mortality rate of 5.5% for PCI patients. Other registries comparing CABG to PCI also demonstrated similar MACE rates [18-19]. Two important aspects that came to light from these registries were the increased rates of target lesion revascularization (TLR) in the PCI group, while there was a higher incidence of cerebrovascular accidents (CVA) in the CABG patients. The Revascularization for Unprotected Left Main Coronary Artery Stenosis: Comparison of Percutaneous Coronary Angioplasty Versus Surgical Revascularization (MAIN-COMPARE) registry [20] also reported similar results.

The Study of Unprotected Left Main Stenting versus Bypass Surgery (LE MANS) was the first randomized controlled trials (RCT) and enrolled 105 patients with significant LMS disease (defined as > 50% stenosis angiographically) [21]. The primary endpoint was the change in the left ventricular ejection fraction (LVEF) at 12 months, while the secondary endpoint was a major adverse cardiac and cerebrovascular event (MACCE) at 30 days and one year. Surprisingly, there was a statistically significant improvement in LVEF with patients treated with PCI versus CABG (58% versus 54%). PCI was also associated with a lower MACE rate at 30 days (2% versus 13%) with a MACE being equivalent at one year in the two groups. The study did have a number of limitations, including a small sample size, high use of bare metal stents
[image: ]
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[bookmark: page7][image: ](BMS), and a lower than the contemporary use of left internal mammary artery (LIMA) grafts.

The Synergy Between PCI With Taxus and Cardiac Surgery (SYNTAX) trial was the largest to compare PCI to CABG in LMS disease and demonstrated that if patients were divided into tertiles of syntax score (0-22, 23-32, and above 32), the results were comparable in the lower two tertiles. CABG showed better results as compared to PCI when the syntax score was above

32 [22-23].

Two recent studies showed conflicting results for coronary artery bypass (CABG) vs percutaneous coronary intervention (PCI) in left main coronary artery (LMCA) disease.

The EXCEL (Evaluation of XCIENCE vs Coronary Artery Bypass Surgery for Effectiveness of Left Main Revascularization) trial demonstrated non-inferiority of PCI with everolimus-eluting stents to CABG in low or intermediate SYNTAX score patients [7]. At three years, the MACE rate was 15.4% in the PCI group as compared with 14.7% in the CABG group (95% confidence interval (CI), 0.79 - 1.26) [7].

The NOBLE (Nordic-Baltic-British Left Main Revascularization) trial found that despite a similar mortality, the five-year MACE was higher after PCI as compared to CABG (28.9% for PCI vs 19.1% for CABG) (HR:1.48; 95% CI, 1.11 - 1.96) [24].

Two important factors which could explain the difference between the two trials were the under-utilization of intravascular ultrasound (IVUS) and use of first-generation stents in 11% of PCI patients in the NOBLE trial.

A number of factors can influence the outcome of stenting in left main stem diseases, such as lesion location, stent type, use of intravascular imaging, and complexity of lesion. The distal left main disease poses a particularly challenging vessel anatomy to treat [25]. The Drug-Eluting Stent for Left Main Coronary Artery Disease (DELTA) registry compared ostial/mid-shaft lesions versus distal lesions. The higher rate of TLR was found with distal lesions [26]. In our study, cases with the distal left main disease were relatively fewer, which could explain the good prognosis. Moreover, the Culotte technique appeared to be associated with better outcomes as opposed to the T-stent technique with an in-stent restenosis (ISR) rate of 21% and 56% and a TLR rate of 15% and 56%, respectively [25].

In-stent restenosis and thrombosis are two of the primary concerns in patients coming for PCI. Pandya et al. showed that use of BMS was associated with poorer outcomes than DES [27]. The Intracoronary Stenting and Angiographic Results: Drug-Eluting Stents for Unprotected Coronary Left Main Lesions (ISAR LEFT MAIN and ISAR LEFT MAIN 2) trials were carried out to compare different types of DES [28-29]. These studies proved that outcomes were not influenced by stents (DES) from the same generation.

Appropriate sizing and apposition of stents in LMS disease play an important role in the prevention of ISR and thrombosis. There are no large trials investigating the use of IVUS for PCI but data from certain relatively small studies, such as the MAIN-COMPARE study, point towards improved outcomes with the use of IVUS [30]. In our study, we did not use intravascular imaging due to non-availability of IVUS in our hospital. Patients who agreed to undergo PCI were informed of this limitation. The results in our study were comparable to aforementioned studies, hence showing that absence of intravascular imaging may not be considered a major setback for intervention in left main stem disease.

Limitations
[image: ]
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[bookmark: page8][image: ]The sample size was relatively small due to stringent inclusion criteria of our study.

Future

In recent times, the outcomes of PCI in LMS disease have improved drastically. This can be attributed to improved stent technology, drug-delivery systems, intravascular imaging, and more potent antiplatelet drugs. More randomized controlled trials (RCTs) are required to establish PCI as a standard treatment option for LMS disease in an era dominated by CABG as the gold standard.

Conclusions

Percutaneous coronary intervention to left main coronary artery stenosis without the use of intravascular imaging showed good prognosis. It would not only save a huge amount of time for physicians during procedures but also prevent a financial burden on patients if they cannot afford intravascular imaging. Hence, more patients will benefit from left main coronary artery interventions, which are considered high-risk by interventionists. Further studies with large sample sizes and longer follow-up will be required to properly ascertain a full prognosis.

Additional Information
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Abstract

Introduction: Serum potassium levels have been shown in some animal studies to be associated with the process of atherosclerosis. We decided to assess the correlation of serum potassium level in ischemic heart disease patients with disease severity and its relationship with prognosis in terms of major acute cardiac events (MACE). Material and methods: This was a cross-sectional cohort study carried out at cardiology department of Rehman Medical Institute, from July 2016 to 31st Aug. 2018 a period of 26 months. 622 patients were included in the study. Clinical and angiographic characteristics were assessed based on the serum potassium level. Correlation of serum potassium level with Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYNTAX) and Gensini scores was also evaluated. Follow up for MACE was carried out after one year.

Results: Mean serum potassium level was 3.93 ± 0.95 (mEq/l) in coronary artery disease patients. Serum potassium level showed negative correlation with SYNTAX score (r = –0.60, p < 0.05) and Gensini score (r = –0.64, p < 0.05). There was also a significant difference between low and high potassium level in relation to the multi-vessel disease on coronary angiography (p < 0.05). Low potassium level was a good predictor of adverse outcomes as shown by Kaplan-Meier analysis. Multivariate Cox regression analysis showed that serum potassium level and diabetes were independent predictors of MACE (p < 0.05).

Conclusion: Low serum potassium level is correlated with more severe coronary atherosclerosis. Low potassium levels are associated with significantly poor outcomes.

Key words: coronary artery disease, coronary angiography, prognosis, potassium
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Introduction

Cardiovascular disease is the leading cause of morbidity and mortality globally [1]. A lot of research is underway to better understand the causes of cardiovascular dis-ease as well as the means to reduce such an alarming incidence. One such modifiable factor which has come under light recently is serum potassium level.




Hypokalemia has multiple effects on the myocardi-um and predisposes to arrhythmias while on the other hand hyperkalemia slows down conduction [2].

Studies have shown that elevated potassium levels induce arterial smooth muscle relaxation and cause vasodilatation due to involvement of K+ channels and Na+/K+-ATPase [3–6]. Elevated serum potassium levels also play a role in the inhibition of platelet ag-
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gregation and arterial thrombus formation, and hence coronary atherosclerosis [7–10].

However, a few recent studies [11, 12] have demon-strated the correlation between elevated serum po-tassium levels and increased atherosclerosis as well as the severity of coronary artery disease, which would contradict the above-given explanations. So, keeping in mind the results of such studies, we hypothesized that lower serum potassium may be associated with an increased risk of cardiovascular events and mortality.

Material and methods

This was a cross-sectional (for correlation) and co-hort (for MACE) study carried out at cardiology depart-ment of Rehman Medical Institute, Peshawar, which is one of the biggest tertiary care hospitals in KPK, Pakistan providing 24/7 cath. lab facility, from July 2016 to August 2018, a period of 26 months. A total of 622 patients were included in the study population using universal sampling technique. All those patients were included who gave consent for inclusion and were admitted or discharged with the diagnosis of ischemic heart disease fulfilling the criteria of either stable angina, unstable angina or myo-cardial infarction [13]. Patients who were admitted due to non-cardiac causes like severe pneumonia, ARDS, and renal failure were excluded from the study population. All baseline demographic characteristics including age, gender, diabetes, hypertension, body mass index (BMI), smoking, alcohol consumption, and medication use were noted for each patient from history and hospital records. For measured variables, blood samples were taken at admission and sent for analysis of serum potassium, hemoglobin level, troponin level, CRP level, creatinine, and urea, total cholesterol (TC), low-density lipopro-tein cholesterol (LDL), triglyceride (TG), high-density lipoprotein cholesterol (HDL) levels (Cobas B221 and 6000, Roche-Switzerland). All cases were divided into two groups (Low and High potassium groups) based on median serum potassium levels.

Definition of risk factors
and clinical syndromes

Hypercholesterolemia was diagnosed in patients who had been given lipid-lowering medication or had a history of total cholesterol levels > 200 mg/dl [14]. Pa-tients were diagnosed as hypertensive if they were doc-umented to have a systolic blood pressure 140 mm Hg or a diastolic blood pressure 90 mm Hg on more than two occasions (but not during the angiogram proce-dure) or were already on antihypertensive therapy [15]. Patients were diagnosed with diabetes mellitus if they had a documented fasting glucose value > 126 mg/dl or HbA1C of >7 on one or more occasion or were tak-


ing insulin or oral hypoglycemic medications for diabe-tes mellitus. Myocardial infarction (MI) on presentation was diagnosed by a history of chest pain, electrocar-diogram showing new ST-segment/T wave changes or new pathological Q waves or new left bundle branch block (LBBB), echocardiographic evidence of new regional wall motion abnormality and two recordings of hs-troponin levels showing rise and/or fall in values with at least one value above 99th percentile upper reference limit (URL). Body mass index was calculated by dividing the weight of the patient in kilograms by the square of height in meters. Active Smokers were defined as someone who smoked > 100 cigarettes, cigars, or pipes in their lifetime and still smoked in the last 28 days. Smokers were classified as former only if they had smoked > 100 cigarettes, cigars, or pipes in their lifetime and has not smoked in the last 28 days preceding the date of angiography [16].

Angiographic evaluation

Coronary angiography was performed with Selding-er technique in all the patients [17]. All angiographic assessments were done by two independent cardiolo-gists. In case of difference in opinion, a third cardiologist was consulted. Patients were then divided into a con-trol group (normal coronary vessels) and cases group (coronary arteries with the disease). Control group included 100 subjects and 622 cases with coronary artery stenosis ≥ 50% of the vessel diameter were included in the CAD group (622 cases: 371 men and 251 women). SYNTAX and Gensini scoring systems were used to assess the severity of coronary stenosis in all cases. In SYNTAX score calculation each coronary lesion producing ≥ 50% diameter stenosis in vessels

2. 1.5 mm was scored separately using the SYNTAX score algorithm available on the Internet from the and added to obtain the overall SYNTAX score. Gensini score is based on the severity of lesion narrowing, number of lesions, lesion location, and influence of collaterals [18, 19].

Major adverse cardiac events (MACE) for the pur-poses of follow-up were as follows: (1) acute myocardial infarction; (2) decompensated heart failure; (3) target vessel revascularization and (4) mortality due to cardiac disease [20].

This study was evaluated and approved by the Re-search evaluation and Ethics Committee of Rehman Med-ical Institute. The study abided by the principles of the Declaration of Helsinki. Written and informed consent was obtained from each patient included in the study.

Statistical analysis

Data were analyzed for normality using the Kolmogo-rov-Smirnov (KS) test. Continuous data are presented
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Table 1. Baseline characteristics and angiographic features of study groups based on serum potassium levels
[image: ]

	Variable
	Serum potassium (< 4 mEq/l)
	Serum potassium (4 mEq/l or above)

	Number of patients
	349
	
	273

	Age (years)
	63.72 ± 4.35
	62.54
	± 10.23

	Gender (m/f)
	210/139 (60/40%)
	161/112 (59/41%)

	Ejection fraction (%)
	49.98
	± 10.55
	49.87
	± 10.35

	Blood sugar
	147.31 ± 96.06
	146.40 ± 80.14

	Serum creatinine
	1.01
	± 0.23
	1.01
	± 0.22

	Hemoglobin (g/dl)
	14.2
	± 1.71
	14.39 ± 1.72

	BNP (pg/ml)
	395.12
	± 629.35
	487.12
	± 800.72

	Hs-Troponin
	3443
	± 4414
	4584
	± 5796

	CRP
	8.00 ± 11.19
	7.91
	± 10.59

	Diabetes
	122
	(35%)
	85
	(31%)

	Hypertension
	192
	(55%)
	158
	(58%)

	Smoking
	105
	(30%)
	90
	(33%)

	Hyperlipedemia
	98 (28%)
	68
	(25%)

	Anti-Platelet drugs
	345
	(99%)
	273
	(100%)

	Beta blocker
	311
	(89%)
	235
	(86%)

	RAAS inhibitors
	195
	(56%)
	145
	(53%)

	Nitrates
	188
	(54%)
	156
	(57%)

	Digoxin
	70 (20%)
	49
	(18%)

	Diuretics
	70 (20%)
	46
	(17%)

	Lipid lowering agents
	209
	(60%)
	169
	(62%)

	SYNTAX score
	37.48 ± 7.28
	26.76 ± 6.34*

	Gensini score
	77.56
	± 13.05
	56.46 ± 12.24*

	Multi-vessel disease
	174/(50%)
	96/(35%)*

	LAD
	220/(63%)
	150/(55%)

	LCX
	157/(45%)
	109/(40%)

	RCA
	132/(38%)
	93/(34%)



*P ≤ 0.05; CRP: C-reactive protein; RAA: renin angiotensin aldosterone system inhibitors; LAD: left anterior descending artery; LCX: left circumflex artery; RCA:

right coronary artery



as means ± SD Between-group comparisons were performed using t-test. Categorical data were pre-sented as percentages and analyzed using c 2 test. The correlation between serum potassium level, Syntax and Gensini scores were examined by Pearson correlation analysis. and Kaplan Meyer analysis was used for sur-vival analysis. Differences with p values < 0.05 were considered statistically significant. Multivariate Cox re-gression analysis was done to examine the independent predictors of MACE

Results

General clinical data comparison

Mean serum potassium level was 3.93 ± 0.95 (mEq/l) in coronary artery disease patients. Patients were divided



based median serum potassium level (4 mEq/l) and com-parison was made of baseline characteristics. There were no significant differences in clinical characteristics at base-line between the two groups with high and low potassium levels (p > 0.05) (Table 1). All patients received similar medication such as anti-platelets, beta-blockers, Renin An-giotensin Aldosterone system (RAAS) inhibitors, statins, ni-trates and diuretics. Patients’ characteristics with and with-out MACE were also compared which showed a significant difference in serum potassium level, BMI, ejection fraction, SYNTAX score, Gensini Score and multi-vessel disease (p ≤ 0.05) (Table 2).

Angiographic assessment and correlation

Angiographic analysis based on serum potassium level demonstrated that there was a significant difference
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Table 2. Patient characteristics and angiographic features of study groups according to MACE
[image: ]

	Variable
	Patients without MACE
	Patients with MACE

	Number of patients
	601
	
	21

	Age (years)
	61.35 ± 5.62
	63.32 ± 8.46

	Gender (m/f)
	330/271 (55/45%)
	12/9 (60/41%)

	Serum potassium (< 4 mEq/l)
	3.38
	± 0.44
	4.62 ± 0.56*

	BMI
	22.43 ± 1.12
	25.11 ± 1.15*

	Ejection fraction (%)
	54.51 ± 8.14
	42.35 ± 7.29*

	Blood sugar
	140.31 ± 87.27
	148.40 ± 72.44

	Serum creatinine
	1.11
	± 0.35
	1.23 ± 0.28

	Hemoglobin (g/dl)
	13.4
	± 1.53
	14.38 ± 1.67

	BNP (pg/ml)
	346.19
	± 601.45
	501.17 ± 780.58

	Hs-troponin
	3566
	± 3942
	4731 ± 5385

	CRP
	6.00
	± 9.12
	8.34
	± 11.89

	Diabetes
	222
	(37%)
	13 (62%)*

	Hypertension
	301
	(50%)
	12
	(57%)

	Smoking
	186
	(31%)
	7 (35%)

	Hyperlipedemia
	144
	(24%)
	6 (29%)

	Anti-platelet drugs
	601 (100%)
	20
	(95%)

	Beta blocker
	541(90%)
	18
	(86%)

	RAAS inhibitors
	330
	(55%)
	11
	(54%)

	Nitrates
	330
	(55%)
	12
	(57%)

	Digoxin
	108
	(18%)
	4 (20%)

	Diuretics
	150
	(25%)
	6 (30%)

	Lipid lowering agents
	360
	(60%)
	13
	(62%)

	SYNTAX score
	25.48 ± 6.24
	39.76 ± 7.37*

	Gensini score
	57.56
	± 12.16
	79.46 ± 10.43*

	Multi-vessel disease
	204/(34%)
	12/(57%)*

	LAD
	348/(58%)
	13/(62%)

	LCX
	288/(42%)
	9/(43%)

	RCA
	198/(33%)
	8/(38%)



*P ≤ 0.05; CRP: C-reactive protein; RAA: renin angiotensin aldosterone system inhibitors; LAD: left anterior descending artery; LCX: left circumflex artery; RCA:

right coronary artery



between low and high potassium level groups in terms of multi-vessel disease, SYNTAX score and Gensini score (p < 0.05). The involvement of the type of vessel was similar in both groups (p > 0.05) (Table 1).

The mean SYNTAX score all patients was 32.78 ± 8.70 while the Gensini score was 68.30 ± 16.46. The results of Pearson’s correlation indicate that there was a significant negative correlation between the concentra-tion of potassium and SYNTAX score (r = –0.60, p < 0.05). and Gensini score (r= –0.64, p < 0.05) (Fig. 1).

Survival and multivariate analysis for MACE

For analysis, we assessed Kaplan-Meier curves accord-ing to median value of serum Potassium level (median



· 4 mEq/l) (Fig. 2). The Kaplan-Meier curves revealed a significantly worse cumulative outcome in patients with serum Potassium level below 4 mEq/l.

Cumulative MACE for this study was 3.4% (21 pa-tients). The 180 days mortality was 1.28% (8 patient), myocardial infarction 1.76% (11 patients), target vessel revascularization was 1.1% (7 patients) and cardiac failure was 1.1% (7 patients) (Tables 3, 4).

Discussion

Data from the Systolic Hypertension in the Elderly Program (SHEP) [21] trial has shown that normal potassium level has significantly reduced hazard ration
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Figure 1. Correlation of serum potassium level with (a) SYNTAX score and (b) Gensini score. Pearson’s correlation analysis show negative correlation for both [SYNTAX score (r = –0.06) and Gensini score (r = – 0.64)]
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Figure 2. Kaplan Meier analysis based on median serum po-tassium level. A significant difference between low and high potassium for adverse outcomes (p < 0.05). Time in number of days



for cardiovascular events including stroke and coro-nary vessels related events. Moreover, animal studies have shown that high potassium diets normalize blood pressure and provide protection against atherosclerosis in arteries [22].

Increased potassium content in diets plays a role reduction of vascular lesions owing to decreased en-dothelial injuries and less adherence and infiltration of macrophages into the vascular wall [11].

Other mechanisms explaining the role of increased potassium levels in the maintenance of normal blood



Table 3. Univariate analysis for MACE
[image: ]

	
	Univariate analysis

	
	
	

	
	HR (95%CI)
	p value

	Gender (M vs. F)
	1.131 (0.151–3.167)
	0.31

	Age (≥ 60 vs. < 60)
	0.519 (0.212–1.926)
	0.32

	Serum potassium
	1.426 (1.077–1.413)
	0.02

	(≥ 4 mEq/l vs. < 4mEq/l)
	
	

	Ejection fraction
	1.242 (0.551–1.236)
	0.05

	(≥ 50% vs. < 50%)
	
	

	Hypertension (present
	1.986 (0.191–47.626)
	0.45

	vs. absent)
	
	

	Diabetes (present
	1.378 (1.107–1.412)
	0.03

	vs. absent)
	
	

	BMI (≥ 25 vs. < 25)
	0.658 (0.421–1.229)
	0.19

	Smoking (yes vs. no)
	1.716 (0.635–66.137)
	0.67

	Total cholesterol (≥ 200
	1.109 (0.229–6.443)
	0.75

	mg/dl vs. < 200 mg/dl)
	
	

	BNP (≥ 100 pg/ml vs.
	0.582 (0.316–1.572)
	0.37

	< 100 pg/ml)
	
	

	Troponin (≥ 14 mg/l vs.
	0.088 (0.087–1.983)
	0.31

	< 14 ng/l)
	
	

	Creatinine (≥ 1.2 mg/dl
	0.865 (0.794–1.181)
	0.28

	vs < 1.2 mg/dl)
	
	

	Family history of CADc
	1.927 (0.251–59.172)
	0.43

	(present vs. absent)
	
	

	Multi-vessel disease
	0.229 (0.026–67.472)
	0.14

	(present vs. absent)
	
	



BMI: body mass index; BNP: basic natriuretic peptide; CAD: coronary artery disease



pressure as well as prevention of coronary atheroscle-rosis are as follows; a) inhibition of platelet aggregation and arterial thrombosis; b) reduction in renal vascular resistance and increase in glomerular filtration rate;
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Table 4. Multivariate regression analysis for MACE
[image: ]

	
	Multivariate analysis

	
	
	

	
	HR (95%CI)
	p value

	BMI (≥ 100 pg/ml vs.
	0.481 (0.613–2.754)
	0.54

	< 100 pg/ml)
	
	

	Serum potassium
	1.278(1.073–1.662)
	0.03

	(≥ 4 mEq/l vs. < 4 mEq/l)
	
	

	Ejection fraction
	1.481 (0.737–1.551)
	0.32

	(≥ 50% vs. < 50%)
	
	

	Diabetes (present
	1.331 (1.109–1.517)
	0.04

	vs. absent)
	
	

	Multi-vessel disease
	0.316 (0.030–71.482)
	0.68

	(present vs. absent)
	
	





· inhibition of free radical formation from vascular en-dothelial cells and macrophages; d) inhibition of vascular smooth muscle cell proliferation; and e) suppression of reactive oxygen species overproduction [23].

Such established findings are in contradiction to two previous studies [11, 12] which have reported that hyperkalemia is associated with increased atherosclero-sis. Multiple factors can affect serum potassium levels including renal function, dietary intake, hormonal status, renin-angiotensin–aldosterone system, heart failure, myocardial infarction and drugs. The major limitation in the study conducted by Cavusoglu et al. [11] was that they only included subjects of the male gender. Diane et al. [24] previously reported that male sex was associated with higher potassium levels as compared to females. This could have clearly affected the results obtained by Cavusoglu and his research team.

In the second study conducted by Guang et al. [12] the study group has no patients with myocardial infarc-tion. Although studies have shown that in acute stress such as myocardial infarction, the potassium level is higher due to various mechanisms involving necrosis induced activation of aldosterone system and sympa-thetic-adrenal induced involvement of sodium-potassi-um pumps [25–27]. But by the exclusion of such group from the study also means that patients with more severe could not be assessed for the observed results.

We, in our study, not only included subjects of both genders but also myocardial infarction patients along with patients of chronic and stable coronary artery disease. We believe such a study group would a better understanding of patients in real-life situation. Moreover, we in our study not only assessed severity of coronary atherosclerosis not only by Gensini score which assesses the severity of coronary vasculature on the an-atomical basis and has been described elsewhere [19], but also SYNTAX score which is well-established sys-


tem for quantification of coronary lesions as well as for prediction of major adverse cardiac events (MACE) in patients undergoing percutaneous coronary interven-tion (PCI) [18, 28–30]. Such measures were taken in or-der to ensure more reliable and comprehensive results.

Limitations

It is a single centered study and was not designed to interpret results based on ethnicity and dietary habits. Selecting a large population with multi-centered study would address such concerns.

Conclusion

Serum potassium level is lower in coronary artery disease and is correlated with severity of atheroscle-rosis on coronary angiography. Serum potassium is an independent predictor of adverse outcomes in coronary artery disease patients.
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Absirac*
Introduction: The aim of this study is ter determine the outcomes following coronary endarterectomy (CE) in patients who underwent coronary artery bypass giafting (CAßG) for revasculatization in our hospitaI.

Methods: We retrospectively reviewed patients who underwent CABG over a six-month period, from November 1, 2016 to May 31, 2017 and examined their outcomes in regards to CE.

Results: A total of (n=361) CABG procedures were performed in our study period, though complete records were available for only (n=254) patients. Amongst these, (n=37) patients (14.ST) required CX. Ages ranged from 43 to 75 years for these patients, (n•7) were females and (n=30) males. Comorbidities included hypertension in (n=19) patients, diabetes in (n=12) patients and hepatitis B in (n=11) patients. The right coronary anery (RCA) was the most common artery endarterectomized (n= IS), followed by the left anterior descending (LAD) (n= 10), obtuse marginal (n• 6 patients), diagonals (n-5) and ramus (n•2). Two vessels were endarterectomized in (n=4) patients. A total of (n-9) patients had two-vessel CABG, (n=l6) had three-vessel CAßG and (n-8) had four-vessel CAßG. The leff internal mammary artery (LIMA) was used in (n=25) patients. Two patients required intra-aortic balloon purnp post-operatively. All the patients had received inDtropic support postoperatively in the intensive care unit (ICU). There were no reports of postoperative mortality. One patient remained in the ICU for four days postoperatively, the rest of the patients were stepped down to the ward in less than four days.
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Conclusions: CE is a safe and viable option as an adjunct to CABG in long segment totally occluded vessels needing revascularization and reconstruction.


Categories: Cardiac/Thoracic/Vascular Surgery, Cardiology, Internal Medicine
Keywords: revascularization, coronary endarterectomy, coronary artery bypass graft (cabg)
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Coronary endarterectomy (CE) is a useful adjunct procedure generally done in the presence of diffuse coronary artery disease. It aims to restore uninterrupted blood flow by excising diseased
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segment total occlusion of a dominant vessel and no available place to appropriately
anastomose. CE was initially developed in the 1950s and was performed on patients with
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Imperial College London and found that the profile for patients undergoing CABG was made
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many comorbidities, and who may have also undergone previous percutaneous coronary
interventions (PCIs) |¢'. The study also looked into intensive therapy unit (ITU) stay, hospital
stay, and long-term graft failure ' |. We have also noticed an increasing incidence in the




image33.jpeg
Soylu et al., in their meta-analysis, also evaluated the technique (either open or closed) and
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predictors of mortality in patients who were selected for CE. In both low and high-risk cardiac
patients, higher cross-clamp times have been correlated with increased hospital mortality,
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independent study, CE was associated with prolonged clamp and bypass times as well as
ventilator times in patients as compared to patients who had CABG alone; postoperative
mortality and complications were comparable, although they incurred longer intensive care
unit (ICU) and hospital stays. The report concluded that CE was a viable and safe option as an
adjunct for revascularization |
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Off-pump coronary artery bypass grafting (OPCABG) is another method of revascularization in
diffuse coronary artery disease. A study that looked at the safety of off-pump coronary artery
bypass with CE (OPCAB-CE) vs. on-pump coronary artery bypass with CE (ONCAB-CE) showed
comparable 30-day mortality. This was based on a study reviewing 71 articles of which nine
were eventually analyzed. A conclusion was drawn that (OPCAB-CE) was a safe and feasible
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grafts are better suited to manage blood pressure in the coronary vessels, which is why the left
internal mammary artery (LIMA) is the most commonly used arterial graft, frequently
anastomosed to the LAD. LIMA patency rates are 90% in a ten-year period and, in combination
with extensive LAD endarterectomy and reconstruction, it may be a safe and feasible option for
diffuse arterial disease | 1 4].
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ABSTRACT

Intra cardiac clots, including Lefc atrial (LA) clots and Left ventricular (LV) clots can be
potentially lfe threatening for the patient and challenging for the physician. The traditionally
used Vitamin-K antagonists although to a certain extent effective in treatment, do have some
disadvantages that limit their use. New treatment options have to be explored to ensure
more effective and efficient therapy.

The advent of new oral anticoagulants (NOACs), which are currently not approved for
treatment of intracardiac clots, might add to the armory against them. One such NOAC,
Rivaroxaban is the first to be approved for treatment of DVT and PE, and for the secondary
prevention of VTE. Here, we review the cases reported and the possible use of Rivaroxaban
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INTRODUCTION

Factor Xa: a target for novel oral
anticoagulants

Factor Xa and factor Va are vital components
of the coagulation system which regulate
thrombin production.!2 Factor Xa by activating
effect on factor V, regulates the assembly of
the Prothrombinase complex.? The critical role
of factor Xa in the coagulation cascade makes
it an important target in achieving anti-
coagulation. Recently much work has been in
the development of synthetic direct and
specific factor Xa inhibitors which has led to
the development of new oral anticoagulants
as a substitute for vitamin K antagonists. One
such New Oral Anti-coagulant (NOAC) is
Rivaroxiban, which was the first oral direct factor
Xa inhibitor with clinical approval in 2008.2

Pharmacology of Rivaroxaban

Rivaroxaban has high oral bicavailability and very
high affinity for factor Xa inhibiting the
generation of thrombin from Prothrombin
(Figure ). Rivaroxaban achieves peak plasma
concentrations in about 3—4 hours after oral
intake. It is eliminated by liver as well as
unchanged by kidney and has a half-life of
7-11 hours.#

As per standards established by the International
Society of Thrombosis and Hemostasis, the
bleeding profile of Rivaroxaban was slightly
better as compared to warfarin. The rates of fatal
bleeding, bleeding at critical areas and intracranial
bleeding were higher with warfarin while
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bleeds with

gastrointestinal
Rivaroxaban.®

were higher

Medarisnof ciono aroctin

Figure |: Mechanism of action of Rivaroxaban.
Approved use of Rivaroxaban

Low-molecular-weight heparin combined with
a vitamin K antagonist (VKA) forms the
standard therapy for venous thromboembolism
(VTE) including Deep vein thrombosis (DVT)
and Pulmonary embolism (PE).¢® Recently a
number of direct oral anticoagulants have
been used and analyzed for the acute and

extended treatment of symptomatic VTE!*
EINSTEIN-DVT and EINSTEIN-PE are two
studies which evaluated a single-drug approach
using  Rivaroxaban  with standard-therapy
consisting of initial enoxaparin followed by a
VKA for the treatment of DVT and/or PES?
Results from these studies demonstrated
similar efficacy accompanied by a lower
incidence of major bleeding with Rivaroxaban.
On the basis of these trials, Rivaroxaban has
been approved for acute and extended
treatment of DVT and/or PES8? Rivaroxaban
has yielded particularly encouraging results in
elderly, frail patients as well as patients who
have renal impairment and cancer. Moreover,
there was significant reduction in major
bleeding with Rivaroxaban in all these patients.5!%

Comparison of the various NOACs available
have been done in some landmark trials such
as  EINSTEIN-l, EINSTEIN-Il, RECOVER-,
RECOVER-Il, AMPLIFY and Hokusai-V. Some
of the results have been summarized in Table I.
With the exception of bleeding profile no
significant  difference was observed regarding
recurrent VTE and death with the use of
various NOACs %12 13.1516

Table I: Comparison of relative risk of various outcomes for NOACs

Rivaroxaban vs Rivaroxaban vs Apiial;;n vs

Outcome Edoxaban Dabigatran Rivaroxaban

RR [ RR P RR [

Death . 085 040 T 089 065 088 063
Recurrent VTE* 1.00 099 082 0.40 094 0.80
CRNB® 115 0.16 1.50 0.001 0.47 0.61
Major bleeding 064 0.10 0.74 030 0.64 0.10

*Venous thromboembolism .
b Clinically relevant non major bleeding

The ROCKET AF trial [20] studied Rivaroxaban
(20 mg/day; 15 mg/day) in comparison with
warfarin (international normalized ratio 2-3) in
patients with AF and previous history of stroke
or its risk factors. The results of ROCKET AF

s, JOURNAL OF REHI

trial showed non inferiority of Rivaroxaban
compared with warfarin for the prevention of
stroke and systemic embolism. The rate of
major bleeding was similar while Rivaroxiban
showed markedly reduced intracranial bleeds.
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Left ventricular clots

Left ventricular thrombus (LVT) is a well-
recognized complication of congestive heart
failure (CHF) and acute myocardial infarction
(AMI). The risk of LVT in patients with
anterior wall myocardial infarction (AMI) has
been reported to be around 30-40% while in
dilated cardiomyopathy and heart failure the
incidence is between 10-30%.'82! Diagnosis and
treatment of this condition is essential because
of the potential risk of systemic embolization.

Pathogenesis of Left  Ventricular
Thrombus
Thrombus ~ formation in  dependent on

Virchow's triad which includes endothelial
injury due to ischemia, blood stasis due to
regional wall akinesia and hypercoagulability
(Figure 2).25 This triad can result in the formation
of LV thrombus composed of platelets, fibrin and
red

Vichow's iad for formation of Let Vericuar ks

Figure 2: Virchow’s triad for Left Ventricular
clot formation.

blood cells232¢  Although considered a
complication of infarction, thrombus formation
is also speculated to reinforce the underlying
myocardial scar, limits infarct expansion,
and partially restores the thickness of
the myocardial wall resulting in reduced
bulging and a more effective myocardial

contraction.'3?5 Data from multiple studies
comprising a total of 390 patients analyzed
the incidence of Left ventricular (LV)
thrombus formation in those patients treated
with thrombolysis and without thrombolytic
therapy. It demonstrated only a trend in favor
of thrombolysis with no significant difference
in the incidence of LV thrombus formation.2s

Vitamin K antagonists

There are no large trials that have evaluated
the efficacy of long term anticoagulation in
prevention of embolization in patients with LV
thrombus hence rendering the effect of long
term anticoagulants on the risk of embolization
debatable.’> Some unanswered questions are
what dose and for how long to give an
anticoagulant.

Significant thrombus burden may accompany
STEMI.2728 During PCl for acute myocardial
infarction a LV thrombus can be managed by
aspiration thrombectomy.?” In a study a patient
of coronary artery disease (CAD) presented
with an estimated LVEF of about 35% with
possible apical intramural thrombus. The
patient was given aspirin 75 mg, Clopidogrel
75 mg, Carvedilol 3.125 mg twice a day, and
atorvastatin 80 mg as well as Spironolactone 12.5
mg.  For LV thrombus anticoagulation,
Rivaroxaban 20 mg a day was prescribed
because of difficulty in monitoring INR and as
well as because of complex dosing regimen
associated with warfarin.® Five weeks later
the patient was reassessed and no evidence
of LV clots was found.

In case of tachycardia-induced heart failure, a
thrombus mass was noted in the left ventricle
(LV) on echocardiography.?' There was also
evidence of systemic embolism in the spleen,
kidneys, brain, and limbs. Limb thrombectomy
was done and the patient was placed on
Rivaroxaban for seven days. Transthoracic
echocardiography was then repeated, which
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showed the disappearance of the LV thrombus
hence providing evidence of fibrinolytic effects of
Rivaroxaban on thrombi in Left ventricle.3!

In another case report?? a patient with AF,
heart failure and LV thrombus was successfully
treated with 4 weeks treatment of
Rivaroxaban. So, Rivaroxaban not only helps
to prevent thrombosis but also
established thrombi.?'33 |t also has also been
1shown  to platelet activation by
through modulation of ADP-induced platelet
aggregation.3*

resolves

reduce

Left atrial clots

Till recently, the mainstay anticoagulant left atrial
appendage (LAA) thrombus has been warfarin.3s
Presence of thrombus in the Left atrium poses a
significant risk for subsequent
thromboembolism.3¢-39 Although the data for the
use of novel oral anticoagulants (NOAC:s) in left
atrial thrombi is currently limited, it's use has
been increasing and cases have been reported of
its use for LAA thrombus as well. NOACs might
become the choice of drug in left atrium
thrombus due to the diverse range of advantages
that they offer including better relative efficacy,
safety, convenience and as well as their faster
onset of action.404!

In a study* three patients with LAA thrombus
were treated with Rivaroxaban for 6 weeks. It
resulted in complete resolution without any
embolic events as shown by transesophageal
echocardiography. Moreover, Takasugi et al®
also described a set of 3 cases, which showed
similar results with 8 to 33 days of Rivaroxaban
treatment. Such case reports are encouraging
and clinical trials such X-TRA and CLOT-AF! will
provide the much needed insight as well as
evidence for the use of Rivaroxaban in left atrial
clots.

S JOURNAL OF REHMAN MEDICAL INSTITUTE W

Intracoronary clots

Intra coronary thrombi and clots are generally
managed with antiplatelet drugs such as
aspirin  and  Clopidogrel. ~Although quiet
effective, lack of response to such treatment
is present which can frustrate physicians. It
has been shown that 5-11% of the population
are non-responders while 9-26% are semi-
responders in the case of Clopidogrel.# Similarly,
another study showed that 6% of the population
are non-responders to dual antiplatelet therapy
including aspirin and Clopidogrel.#

In acute myocardial infraction patients, thrombi
can be managed during percutaneous coronary
intervention (PCI) by aspiration thrombectomy,
however it has not shown any clinical
benefit# Another option would include
intracoronary thrombolysis after exclusion of
any contraindication. In one case report, a
medical regimen including aspirin, Clopidogrel
and Rivaroxaban resulted in the resolution of
the massive intracoronary thrombus and left
ventricular apical intramural thrombus which
has also been previously reported.47 In this
case Rivaroxaban was used due to lack of
reliable and satisfactory results with other
anticoagulants.  So, although triple anti-
coagulant therapy was used, the role of
Rivaroxaban cannot be overlooked. Further
studies are needed to confirm such a role for
Rivaroxaban.

Future implications

In a setup where availability of health system,
early financial resources, time
restraints and lack of follow up are major
issues, NOACs definitely can come up as a
very soothing alternative, both for physicians
and patients. The latest recognition of
antidote for Rivoroxaban (Andexanet Alfa:
ANNEXA-R)# and the fact that it has a much
shorter half-life, also relieves the prescriber for
potential bleeding risk, especially in a setting

recognition,
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where a patient is already on dual antiplatelet CONCLUSION

therapy after acute coronary syndrome.
Py o Due to the vast number of advantages that

Rivaroxaban has along with its
convenience for the patients and physicians as
well as its better economics, it is fast becoming a
dominant alternative to the conventional Vitamin
K antagonists in AF and DVT. As far as
intracardiac clots are concerned, further studies
and trials are needed to test the limits of its
use in left ventricular, left atrial and coronary
thrombi, its efficacy as well as its potential

Although a far-fetched idea, but in future one
may consider trial of patients with prosthetic
valves. This might not be possible as in-human
trial, but there is definitely a scope for animal
trials with NOACS in prosthetic valve cases.
One cannot imagine the relief on health
system if that's feasible, with scrapping up of
all the warfarin clinics with no extra burden
on health system for regular INR monitoring.

to offer
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ABSTRACT

Background. Recent studies have shown red blood cell
distribution width (RDW) as a marker for severity and
prognosis in coronary artery disease patients. Other
studies have also correlated RDW with diabetes mel-
litus and inflammation. However, such correlation and
prognosis in patients with concomitant coronary artery
disease and diabetes after percutaneous intervention
remains unclear.

Material and methods. Our study group comprised
of 730 subjects including 700 patients (cases) and 30
normal subjects (control group). Patients who pre-
sented with coronary artery disease were divided into
diabetic and non-diabetic groups. All patients had RDW
measured at admission and percutaneous intervention
was done. Follow-up for adverse events was carried
out between 6 to 12 months.

Results. RDW was elevated in patients as compared
to control group (p < 0.05). RDW correlated well with
inflammatory markers including erythrocyte sedimen-
tation rate, C-reactive protein, HbA,, white blood
cells and troponin. RDW was higher with more severe
atherosclerosis based on SYNTAX and Gensini scores
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(p < 0.05). Prognosis was found to be worse in patients
with high RDW as well as in diabetics.

Conclusions. RDW has positive correlation with other
inflammatory marker. It may be used as a marker in
determining the severity and prognosis in diabetic
patients with coronary artery disease. (Clin Diabetol
2020; 9; 3: 174-178)

Key words: red cell distribution width, coronary
artery disease, diabetes

Introduction

Guidelines for acute ST elevation myocardial infarc-
tion (STEMI) patients recommend primary PCl as the
preferred reperfusion strategy [1]. Inflammation plays
a critical role in the initiation and propagation of the
atherosclerotic process [2, 3]. Numerous inflamma-
tory markers and indices have been studied recently
in relation to atherosclerosis. One such marker is red
cell distribution width (RDW). Use of RDW has been es-
tablished in the investigation of the etiology of anemia
[4]. Moreover, recent studies are showing anincreasing
evidence linking elevated RDW with adverse outcomes,
in patients with coronary artery disease, heart failure
(HF) and with metabolic syndrome. Diabetes mellitus
(DM) is an independent risk factor for heart failure
(HF) [4-6].

HbA, _is associated with type 2 diabetes patients
and is a marker of long term glucose homeostasis as
well as adequacy of glycemic control in diabetic patients
[7]. HbA, _ level increase with age, chronic subclinical
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Discussion

This study showed good correlation of RDW with
other inflammatory markers. The underlying patho-
physiologic mechanisms for the association between
a high RDW and atherosclerosis is unknown, but it
is believed that inflammation might play a role with
cytokines induced changes in the red cell membrane,
leading to an increased RDW [11]. Erythrocyte malfor-
mation and hence increased RDW may be caused by
oxidative stress, inflammation, and increase in choles-
terol levels in erythrocyte membrane. Inflammation or
oxidative stress may cause increased RDW by impair-
ing iron metabolism, inhibiting the production of or
response to erythropoietin, and shortening red blood
cell survival [12, 13].

Lippi et al. [14] showed an increase in RDW levels
during acute coronary syndrome and its usefulness
for the risk stratification. Previous studies have also
assessed the relationship between an increased RDW
and poor reperfusion results after STEMI, increased
risk and morbidity in hospital as well as mortality [15].
A possible explanation for this result is the intense
inflammatory response in the setting of STEMI.

In our study, the RDW levels have been shown to
be higher in patients with diabetes. A number of risk
factors such as age, hypertension, hyperlipidemia, high
CRP levels may play a role [12].

Fatemi et al. showed high RDW levels in patients
with two or more vessel disease and with early phase
of atherosclerosis (16, 17].

Osadnik et al. [18] demonstrated prognostic value
of RDW in stable angina pectoris patients undergoing
PCI by showing higher mortality in these patients with
a high RDW level.

RDW is a marker of inflammation and has prognos-
tic value in diabetic patients [19, 20]. The association
between DM and RDW has been initially examined by
Subharshree [21] showed correlation between BNP
and RDW in diabetic patients with HF. Malandrino et
al. [22] demonstrated the relationship between RDW
and microvascular and macrovascular complications of
diabetes mellitus (DM).

RDW may reflect an underlying inflammatory pro-
cess and inflammation is considered a vital component
in the diabetic disease process as well [4, 23], which led
to Sherif et al. [24] suggesting that RDW could be used
as a marker of inflammation in type 2 DM.

Elevated glucose levels may affect erythrocytes in
multiple ways such as changes in erythrocyte mem-
branes which include increased rigidity, changes in
osmotic fragility due to changes in Na+/K+-ATPase
activity and tubulin acetylation and increased aggrega-
tion. Other changes include defective oxygen binding

of hemoglobin and alterations in cell as well [25-27].
These changes can result in increase in shear stress
on the endothelial wall and increased blood visco-
sity [28].

Conclusion

RDW has positive correlation with other inflamma-
tory markers. It is an inexpensive and easily accessible
marker which can be used in determining the severi-
ty and prognosis in diabetic patients with coronary
artery disease after percutaneous intervention. More
pronounced inflammatory process may be responsible
for increased severity and hence poorer prognosis in
diabetic patients.
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Table 1. Baseline characteristics of study groups according to RDW

Variable RDW < 16 (n = 300) . RDW > 16 (n = 400)
Age (years) 63 £7.10 - - 65 = 8.75
Ejection fraction (%) 50.62 + 8.65 48.78 + 8.10
Hypertension 99 (33%) 140 (35%)
Smoking 69 (23%) 108 (27%)
Renal failure 30 (10%) 48 (12%)
Hyperlipidemia 63 (21%) 96 (24%)
HbA, 55%05 7.5+ 1.0%
Erythrocyte sedimentation rate [mmvh] 185 39 10%
C-reactive protein [mg/L] 0704 1.9 £ 0.6*
Troponin (high sensitivity) [ng/l] 545 = 370 2360 + 574*
Hemoglobin [gm/dl] 1510 =15
White blood cells [x10%L] 9.50  2.32 14.48 = 2.25*
Aspirin 300 (100%) 400 (100%)
Clopidogrel 291 (97%) 396 (99%)
Beta blocker 285 (95%) 372 (93%)
Renin antagonists 264 (88%) 364 (91%)
Lipid lowering agents 240 (80%) 336 (84%)
*p<0.05
Table 2. Relationship between RDW and angiographic  Table 3. Correlation of ROW with clinical and laboratory
variables in diabetic (HbA,, > 7) and non-diabetic groups  variables
(HbA,, <7) Variable Correlation coefficient (P)
Voriable o Age 0.487 (0.030)
HbA, <7 HbA, 27 systolic blood pressure 0.037 (0.061)
SYNTAX score Diastolic blood pressure 0.002 (0.346)
Low (< 23) 12.85 £ 1.10 134517 Ejection fraction 0.030 (0.048)
Moderate-high (23-32) 1424 £ 1.15 17.85 = 1.14* ESR 0.561 (0.001)
Gensini score Serum creatinine 0258 (0.979)
Low (< 47) 1255+ 1.18 12.55 £ 1.18 BMI 0.003 (0.06865)
High (2 47) 1437 £1.21 1812 = 1.11* Total cholesterol 0.014 (0.725)
No. of vessels involved Hemoglobin -0.486 (0.025)
Single vessel disease 1197 £1.25 14.10 = 1.36 HbA, 0.529 (0.001)
Multi-vessel disease 13.78£175 1882+ 161 wec 0.580 (0.001)
P P 0.349 (0.029)
Troponin 0.412 (0.017)

| £5R — erythrocyte sedimentation rate; BMI — body mass indeks;
WBC — white blood cells; CRP— C-reactive protein

Table 4. Prognosis in relation to RDW and diabetes after percutaneous intervention

RDW < 16 (n = 300)  RDW > 16 (n = 400) Non-diabetics (n = 380) Diabetics (n = 320)

Angina 18 (6%) 28 (7%) 20 (5.26%) 26 (8.12%)"
Myocardial infarction 4(1.33%) 12 (3%)* 5(1.32%) 11 (3.44%)"
Heart failure 3(1%) 14 (3.50%)* 4(1.05%) 13 (4.06%)"
Stroke 0 (0%) 2(0.50%) 1(0.26%) 1(0.31%)

Death 3 (1%) 10 (2.50%)* 4(1.05%) 9(2.81%)"

+p <0.05 comparison between RDW < 16 and ROW > 16 groups: p < 0.05 comparsom Sesmess son Jiabetic and diabetic groups
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inflammation and possibly oxidative stress and also
in conditions that can adversely affect red blood cell
survival. Correlation of RDW and diabetes in coronary
artery disease patients has not been studies well.
Therefore, the aim of this exploratory study was
to investigate the correlation and prognostic value of
RDW in diabetes and coronary artery disease patients.

Patients and methods

It is a retrospective clinical study which included
patients admitted to our hospital with coronary artery
disease and diabetes. For the purpose of this analysis
patients were divided into low RDW, high RDW, dia-
betic and non-diabetic groups. ST elevation myocardial
infarction (STEMI) was defined as typical chest pain last-
ing for at least 30 min with new ST-segment elevation
at the J point in more than two contiguous precordial
or inferior leads (> 0.2 mV in V1 through V3 and >
0.1 mV in the other leads) [8]. Diabetes was defined
according to definition previous stated elsewhere [9].

Hypertension was defined as repeated SBP meas-
urements at least 140 mm Hg, repeated DBP measure-
ments at least 90 mm Hg or chronic treatment with
antihypertensive medications. Diabetes was recorded
when it was reported by the patient and appeared in
their medical records or if the patient was receiving
regular treatment with oral hypoglycemic agents or
insulin. Dyslipidemia was defined as a low-density
lipoprotein-cholesterol level above the target according
to National Cholesterol Educational Program-3 recom-
mendations, as a high-density lipoprotein-cholesterol
level below 40 mg/dL, or chronic treatment with lipid-
lowering drugs prior to hospitalization [10].

All patients with an ACS received aspirin (325 mg
loading dose) on admission and 100 mg daily as well
as clopidogrel (300 mg loading dose for patients < 75
years of age and 75 mg for patients > 75 years of age).
PCl was done for all STEMI patients.

Blood samples were taken on admission from all
patients at the time of hospitalization and prior to
the administration of medication. All hematological
measurements were performed using Cobas B221 and
6000, Roche-Switzerland. Our hospital ethics commit-
tee approved this study and informed consent was
obtained from all study participants according to the
declaration of Helsinki.

Statistical analysis

Data was analyzed with Statistical Package for the
Social Sciences (SPSS 20) for Windows (SPSS Inc., Chi-
cago, lllinois, USA). Continuous data are presented as
the mean along with standard deviation. The Kolmogo-
rov-Smirnov test was used to evaluate data normality.

Independent-samples t-test was used to compare
two groups showing normal distribution. Categorical
variables were summarized as percentages and com-
pared with the chi-square test. Pearson’s and Spearman
correlation analysis tests were used to determine the
correlation between variables. P value less than 0.05
was considered to indicate a significant difference.

Results

730 subjects were enrolled in this study which
included 30 normal and disease free subjects and 700
coronary artery disease patients. Mean RDW in control
group was compared to RDW in patients which showed
significant difference [(12.4 vs. 14.5) (p < 0.05)]. All
patients underwent percutaneous intervention at about
8 + 5 hours after onset of chest pain. The patients were
divided into groups according to RDW and diabetic
status. The mean age of the patients was 64 + 7.92
years. Patients were assessed at baseline according to
RDW levels (low and high). There was significant differ-
ence between low and high RDW groups with regard
to hemoglobin, HbA, , erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), white blood cells (WBC)
and troponin levels. Other demographic and clinical
baseline characteristics between the two groups did
not show any significant difference (Table 1).

Angiographic characteristics and scores of the
study groups are presented in Table 2. SYNTAX Score
ranged from 5 to 47 and with a mean of 23.75 = 10.12
while Gensini Score ranged from 8 to 10 and with a
mean of 48.31 = 25.47. SYNTAX and Gensini score were
divided into low and high based on mean values. RDW
Jevels in relation to angiographic scoring were assessed
in diabetics (HbA,_ > 7) and non-diabetics (HbA, < 7).
RDW levels were significantly higher with high SYNTAX
score, Gensini scores and multi-vessel disease and as
well as in diabetics (p < 0.05) (Table 2).

The Pearson and Spearman correlation coefficients
were used to assess the correlations between RDW and
various clinical and laboratory variables. Significant
positive correlation was found between RDW and age,
ejection fraction, ESR, HbA,, WBC, CRP and troponin
while there was significant negative correlation with
hemoglobin (p < 0.05) (Table 3).

Prognosis was assessed on the basis of five indices
(angina, myocardial infarction, heart failure, stroke and
death) during a period of 6 months to one year after per-
cutaneous intervention. Comparison was made between
low and high RDW groups as well as diabetic and non-
diabetics. It showed significant increase in myocardial
infarction, heart failure and death in both high RDW and
diabetic groups. Moreover, frequency of angina was also
more in diabetic group (p < 0.05) (Table 4).
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Abstract

Background: Radial artery vasospasm is the most frequent complication of transradial cardiac catheterization.
It causes discomfort and pain to the patient, prolongs the procedure and even makes it impossible for the
interventionist to continue the procedure.

Objective: To evaluate the efficacy of combined use of nitrate and calcium channel blocker (Verapamil) in
prevention of radial artery spasm during coronary angiographies.

Study design, settings and Duration: It was a case control study conducted among 100 cardiac patients
undergoing coronary angiography in Rehman Medical Institute (RMI) Peshawar from the duration of January
2016 to December 2016.

Subjects and Methods: Sample selection was through convenient non probability sampling technique. Written
informed consents were taken from the patients included in the study. Patients were divided into two group
control (50) and experimental (50). One group was treated with heparin/nitrate as control group while other
group was treated with heparin/nitrates/verapamil (Calcium channel blocker) as experimental group. Both
groups were checked for radial spasm, pain and catheter resistance during angiography procedure. All other
demography and history were collected through using a predesigned questionnaire. Data was collected,
analyzed using SPSS version 16.

Results: It was found that 63% patients were male, 37% were female and 68% cardiac patients were above the
age 50 years. The study provided that using Verapamil as calcium channel blockers with nitrate does not puta
significant effect on radial spasm with p value 0.806. The study provided that in comparison of cases and control
for different variable no significant difference was observed for radial spasm, pain, outcome, catheter resistance
and time taken by the procedure. However the outcome of procedure was 100% successful among test group
than control (98%).

Conclusion: Caicium channel blocker (Verapamil) use with nitrate provided no significant difference in lowering
radial spasm during coronary angiography. The assumption of using calcium channel blocker against radial
artery spasm during angiography nullified.

Policy message: Economic burden due to use of calcium channel blockers along with nitrate during coronary
angiography should be avoided. There are no additional benefits of using calcium channel blocker (Verapamil)
with nitrate.

Key words: Calcium channel blocker, catheterization, angiography, radial spasm, nitrate, verapamil.
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Introduction

R adial artery spasm (RAS) is a brief and abrupt
contraction of radial artery generally detected
clinically and by angiographic method amid cardiac
catheterization. In clinics, it is diagnosed as pain in
forearm that gets intensified with the movement of
the catheter thus causes a great deal of difficulty in
catheter manipulation. There is likewise loss of
pulse in radial artery and decrease in arterial
pressure. Therefore to confirm radial artery spasm
and correspondingly omit vessel injury, a radial
arteriogram is acquired. It is important to perform
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angiography as it is possible that sometimes pain
may not be due to spasm but other reasons such as
coiling or looping in radial, sub-clavian or brachial
arteries which provide difficulty in moving catheter
and cause torment to the patients.” Radial artery
Spasm occurs due to small diameter of artery,
diabetes, old age, females, lower BMI, and first
attempt failure in cannula placement. Its occurrence
rate differs from 2-22% due to different definitions
employed, lack of impartial evaluation method, type
of catheter utilized and pre-medications.? It is also
reported that the properties of catheter such as its
length and coating might also influence the
frequency of RAS.* Due to lower complication risk,
easiness in cannula placement and ease of access,
radial artery is preferred for invasive monitoring of
pressure in arteries.* However, Radial artery spasm
remains a major problem of transradial approach for
per-cutaneous coronary intervention.® The original
method of RAS is yet to be completely explained,
nevertheless it is said that activation of alpha
adrenergic receptors present in the smooth muscles
are involved in the process.® These alpha
adrenoreceptors are present abundantly in the
radial arteries. Moreover, these arteries have thick
muscular layer in comparison to peripheral arteries
which is why radial arteries are more prone to
spasm.” Therefore it is imperative to prevent the
incidence of RAS and the pain associated with it.
For this reason variety of spasmolytic drugs and
assortment of sheaths, guide wires and catheter
were taken into consideration to prevent RAS.
These investigations were conflicting in techniques
and results, panicularlx with respect to the rate and
seriousness of RAS1.® Different method utilized to
get relieve from RAS consists of utilizing injections
of vasodilators and lidocaine (nitroglycerine, calcium
channel blockers) within arteries, sympatholytic
blocks i.e. brachial plexus block and local
warming.***'" Youn et al. in his studies showed that
the provision of topical eutectic blend of prilocaine
(2.5%) and lidocaine (2.5%) ie. EMLA before
initiation of transradial coronary angiography can
diminish the pain and sympathetic reaction, yet it
neglects to demonstrate a statistically noteworthy
diminishment in RAS.™ Ho et al. also proclaimed
that RAS occurred in 4-20% of the cases. It was
also reported that the utilization of pharmacological
agents such as intra-arterial vasodilatory mixtures
can be used for the prevention of RAS however
caution must be taken when using verapamil for this
purpose as it contraindicated in bradycardia and
severe left ventricular function.’ Another report by
Kristic et al. combined the findings from 19 studies
showed that RAS occurred in 14.7% of the cases.
These results were somewhat higher than other

mentioned results.® He also suggested that when
1.25-5mg of verapamil in combination with 100-
200ug of nitroglycerine was used, it can decrease
the rate of RAS up to 3.8%.° Another study by
Vuurmans et al. also support this blend.™

It was observed that large number of
patients have intense and diffuse spasm that is
usually momentary and sort out spontaneously.
However, proper ‘medication before starting the
procedures should be administered. Drugs such as
verapamil or nitrates are given after sheath insertion
systematically which expand the diameter of radial
arteries. Utilization of small hydrophilic catheter,
hydrophilic sheaths along with tapered dilator and
limiting handling and exchange of catheter are
associated with decrease in the rate of spasm.> 1418
Verapamil can impede the slow entrance rate of
calcium ions into the cells. This mechanism of
calcium ion entry within the cells is known to play a
vital role in contraction of the heart cell. Verapamil
when combined with nitroglycerin ascertained to be
effective spasmolyte in transradial cardiac dealings.®
Despite the fact that verapamil is most frequently
used, it still have certain limitations such as it has
lesser vasodilator property of radial artery as
compared to other calcium channel agonists.’®
Furthermore, major side effects like bradycardia,
ventricular asystole, or persistent hypotension have
also been testified in patients with depressed left
ventricular function or conduction disturbance,
however this occurs rarely.'” Another complication
observed was that the Spasm was still reported in
10-20% of the cases even with the utilization of
verapamil.**® Options other than verapamil like
Phentolamine is an example of one such option. Itis
a non-selective antagonist of alpha adrenergic that
competitively block both pre and presynaptic
adrenergic receptors hence favoring vasodilation
and reduces peripheral resistance.™ Since RAS is
considered to be facilitated by alpha adrenergic
receptors, the utilization of phentolamine may prove
to be an effective option. Rafael et al.
demonstrated that with the use of phentolamine, the
mean radial diameter can be increased signiﬁcantl}l
thus it is a potent vasodilator similar to verapamil.”'
The purpose of this study was to determine the
efficacy of nitrate and calcium channel blocker in
combination to avoid the occurrence of radial artery
spasm during the procedure of coronary
angiographies. RAS create pain and discomfort
which lengthen the duration of the procedure.

Subjects and Methods

It was a case control study conducted
among 100 cardiac patients undergoing coronary
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angiography in Rehman Medical Institute (RMI)
Peshawar from the duration of January 2016 to
December 2016. Sample selection was through
convenient non probability sampling technique.
Newly diagnosed patients referred to angiography
were included while already treated follow up
patients were excluded from the study. Brief
introduction of the study was given and written
informed consent was taken from patients
participated in the study. Patients were divided into
control and experimental groups to check the effect
of nitrate and calcium channel blocker in prevention

of radial artery spasm  during angiography
procedure. Control group were treated with
heparin/nitrate and test group with

heparin/nitrates/verapamiI (calcium channel blocker)
just before coronary angiography. Both groups were
checked for radial spasm, pain and catheter
resistance during angiography procedure. All other
demography and history were collected using a
predesigned questionnaire.

X-ray procedure is used to imaging heart
blood vessel. The test was generally used to detect
restriction in blood flow going toward heart, Coronary
angiogram is part of heart catheterization procedure.
Cardiac  patients  were brought for cardiac
catheterization in which a long thin tube called
catheter was inserted in an artery or vein in blockage
side and threaded through blood vessel toward heart.
A coronary angiogram was used to diagnose as well
as to treat heart condition. In this procedure a type of
dye that's visible by an X ray machine is injected in
blood vessels of patients. The X ray machine rapidly
took a series of images of blood vessel. The patients
were checked for radial spasm, pain and catheter
resistance during the procedure.

The quantitative variables and qualitative
variables were separated. The quantitative variables
were expressed as mean standard deviation,
confident interval and maximum and minimum
range. The qualitative variables were expressed in
frequencies. Chi square and P value was calculated
using test and control group for each variables. Data
was analyzed using SPSS version 186,

Results

A total 100 cardiac patients undergoing
coronary angiography were included in the study.
Among them 50 patients were taken as control
(Heparin + verapamil treated) and 50 as test group
(Heparin + verapamil + nitrate treated). It was found
that 63% patients were male and 37% were female
and 68% cardiac patients were above the age 50
years. It was revealed that 30% cardiac patients
Wwere diabetics and 70% hypertensive (Table-1).

Table 1: Frequency of demographic variable of
coronary angiographic patients.

Grow

Heparin + nitrate+ Verapanmil treated

patients (cases) 50 500
Heparin + nitrate treated patients (control) 50 50.0
Sex

Male 63 63.0
Female 37 37.0
Age

< 50 32 320
> 50 68 68.0
Diagnosed

Previous MI 53 53.0
Angina 47 47.0
Echo findings

LV function 8 8.0
Normal 55 55.0
Impaired 37 37.0
Diabetes

Yes 30 30.0
No 70 70.0
Hypertensive

Yes 70 70.0
No 30 30.0
Dyslipidemias

Yes 9 9.0
No 91 91.0
Social history

Nil 0 90.0
Smoking 9 9.0
Alcohol 1 1.0
Renal function

Normal 9% 96.0
Impaired 4 40

The study provided that using verapamil as
additional calcium channel blockers with nitrate do
not put a significant effect on lowering radial spasm
with p value 0.806. However it was observed that
pain during angiography are not due to radial spasm
as relation between pain and radial spasm showed
that majority patients were with pain having no radial
spasm with p value 0.00. Results also showed that
catheter resistance was due to radial spasm with
significant relation p value 0.00 (Table-2). The study
provided that in comparison of cases and control
group for different variable no significant difference
was observed for radial spasm, pain, outcome,
catheter resistance and time taken by the procedure.
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Table 2: Comparison of radial spasm with different
variable.

" Radial Spasm_
SR Y00 Mo GHSH, piveloe
Cases 39 1
.060° K
Control 40 10 5 806
Age Group
< 50 24 8
454° E
> 50 55 13 o4 801
Gender
Male 2 61
.410° E
Female 4 33 240 121
Hypertensive
Yes 4 66
034" 854
No 2 28
Pain
Yoa 5 ) 34.113° 000
No i 88 ) h
Catheter resistance
Yes 5 3
49.218° 4
No 1 o1 9.218 000
Out come
Successful 5 94
15.825° g
Abondoned 1 0 2 0

Table 3: Comparison of Case and Control for different
variable N (%).

" Groups
Variatis Cases Control ___p value
Radial spasm
Yes 3(6) 3(6) NC
No 47 (94) 47 (94)
Pain
Yes 4(8) 7(14) .338
No 46 (92) 43 (86)
Catheter resistance
Yes 3(6) 5(10) 461
No 47 (94) 45(90)
Out come
Successful 50 (100) 49 (98) NC
Abandoned 00 12
Time taken by procedure (minutes)
5-10 22 (44.9) 23 (46) 0.4778
10-20 22 (44.9) 25 (50)
2030 5(102) 24)

However the outcome of procedure was
100% successful among test group than control
(98%) (Table-3).

Discussion

The study was carried out to determine the
significant of calcium channel blocker (verapamil)
when use with nitrate against radial spasm during
coronary angiography. Radial spasm is a major
hindrance during the angiography procedure,
make patient discomfort and painful. Nitrate
generally used against radial spasm during the
procedure “° however many cases of radial spasm
are observed inspite of using nitrate. Calcium
Channel blocker (Verapamil) used with nitrate
during the angiography procedure does not put a
significant difference on the results (Table-3).
Verapamil associated with the development of
transient heart block ** and its association with
nitrate does not enhance the antagonist effect
against radial spasm. It was found in present study
that male patients were frequently undergoing
angiography than females (Table-1). It was
predetermined by a study carried out for comparison
of men and women regarding the frequency with
which they underwent various cardiac procedures.?
The study provided that 70% patients undergoing
angiography ~ were  hypertensive  (Table-1).
Hypertensive patients develop cardiac problems
and cardiac related complication.”®*’ Radial spasm
in case of cardiac catheterization was observed due
to catheter resistance and severs pain having a
significant p value 0.00 (Table-2). It is already
determine that catheter pain is associated with
radial spasm and subsequent catheter resistant.
The present study revealed no major difference for
radial spasm, pain, outcome, catheter resistance
and time taken by the procedure between test and
control group (Table-3). Other study provided that
long term treatment of verapamil and nitrate is
affected against spasm and there treatment is
influenced with duration of treatment.”

The study was restricted to Rehman
Medical Institution due to limited budget and time. It
is needed to study it among large sample size with
prolong treatment. Inspite of these limitation the
study clearly provided an idea not to use verapamil
with nitrate at the time of coronary angiography but
in case of long spasm treatment, it may be a
treatment choice.

Calcium channel blocker (Verapamil) use
with nitrate provided no significant difference in
lowering radial spasm during coronary angiography.
The assumption of using calcium channel blocker
against radial artery spasm during angiography
nullified.
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