ASSOCIATION OF CARDIAC RISK FACTORS WITH CORONARY FLOW PATTERN IN PATIENTS AFTER PRIMARY PERCUTANEOUS CORONARY INTERVENTION
Abstract
Background: This study aimed to find the correlation between cardiac risk factors and coronary flow pattern following primary percutaneous coronary intervention (pPCI) by studying the impact of risk factors like hypertension, diabetes, smoking, and hyperlipidemia on post-PCI coronary flow patterns, to improve patient care and outcomes.
Methods: This prospective descriptive study took place for a duration of 1 year at the cardiac catheterization laboratory. The study focused on 240 patients with acute myocardial infarction (AMI) who underwent primary percutaneous coronary intervention (pPCI). 
Results: The study yielded significant findings, indicating that diabetes mellitus had a notable impact on post-procedural coronary blood flow (p-value = 0.024). Furthermore, there were significant associations between myocardial perfusion grade (MBG) and specific cardiac risk factors, such as hypertension medication (p = 0.045). Additionally, a significant relationship was observed between blood parameters, including creatinine levels, and TIMI flow grade (p-value = 0.004). Noteworthy connections were also established between post-procedural coronary blood flow and biomarkers like Trop-T and NT-pro BNP. Correlations were identified between the myocardial blush grade and specific blood parameters, including TSH, Trop T, and sodium levels. Additionally, significant relationships were discovered between blood parameters and TIMI frame count, particularly with NT-pro BNP and HDL levels. The findings also demonstrated correlations between MBG and various cardiac parameters, such as heart rate, ejection fraction (EF), and Gensini score.
Conclusion: Our study revealed that factors such as diabetes, hypertension, creatinine, Trop T, and NT-pro BNP levels can predict post-procedural coronary blood flow after primary PCI. Elevated levels of Sodium, HDL, TSH, and urea were associated with improved blood flow, while increased heart rate and reduced EF indicated reduced blood flow risk. These findings highlight the importance of considering these factors for monitoring and interventions in patients undergoing primary PCI.



INTRODUCTION
The coronary arteries, aptly named for their crown-like encircling of the heart, are essential for supplying oxygen to the heart muscle. LCA divides into two branches, LAD and LCX, RCA splits into the PDA and PLV. 
CAD arises when the heart muscle is deprived of adequate blood flow, leading to symptoms such as angina and potentially resulting in heart failure. Ischemic cells resort to anaerobic metabolism, causing discomfort until the oxygen demand is met. In cases of STEMI,  PPCI is the preferred technique for restoring blood flow. PPCI involves unblocking the affected artery and utilizing mechanical revascularization, yielding better outcomes compared to alternative therapies. Skilled operators and arterial access are essential for the success of this procedure, and post-PPCI, patients undergo vigilant monitoring for any potential complications.
Medical professionals employ the "TIMI frame count" to assess the speed of contrast material flow within the coronary artery. This technique, developed by C. Michael Gibson, involves counting the number of cineframes required for the contrast material to reach a specific location. Additionally, the TIMI grade flow evaluation provides insights into the effectiveness of treatments and predicts patient outcomes. To gauge the severity of atherosclerosis, the Gensini score rates the most severe narrowing in each coronary segment, while the GRACE risk score considers multiple factors to predict adverse outcomes in ACS patients.
Several studies have focused on refining outcome prediction and complication prevention in STEMI patients undergoing PPCI. Notably, Chunfeng Dai's PIANO score incorporates factors such as culprit artery, age, and pre-PCI TIMI flow grade to predict angiographic no-reflow during PPCI. Madona Atef's investigation explores the predictive value of the PRECISE DAPT score for complications post-primary PPCI in STEMI patients. Alexandre de Matos Soeiro's study highlights the correlation between elevated thyroid-stimulating hormone (TSH) levels and poor prognosis in ACS patients. Saeid Sadrnia's research identifies risk factors like Killip class, left ventricular ejection fraction (LVEF), diabetes, and TIMI flow for major adverse cardiac events in primary PPCI patients. Additionally, Juergen Kammler's retrospective analysis emphasizes the importance of achieving TIMI 3 flow after primary angioplasty, which leads to improved outcomes.
Collectively, these studies enhance our understanding of risk prediction and patient outcomes in STEMI patients undergoing primary PPCI. By employing innovative scoring systems, investigating biomarkers, and identifying significant risk factors, clinicians can optimize patient care, leading to improved outcomes in this high-risk population.
MATERIALS AND METHODS 
Study design and setting
In this prospective descriptive study, the research was conducted at the cardiac catheterization laboratory in Kasturba Hospital, Manipal. The study followed a time-bound sampling method with a study period spanning from July 2022 to March 2023. Ethical approval for the study was obtained from the institutional ethics committee, and it was also registered in the Clinical Trials Registry of India (CTRI/2022/07/044226)
Study participants 
The inclusion criteria pertain to patients who present to the department with AMI and are undergoing primary PCI. On the other hand, there are specific exclusion criteria applicable to the study. These criteria exclude patients with HCM, valvular heart disease or a prosthetic valve, and coronary arteriovenous fistula. Furthermore, individuals who have undergone coronary artery bypass surgery or stenting within the past 12 months, as well as those who arrive at the hospital more than 24 hours after experiencing symptoms, are also excluded.
Study procedure 
This study obtained IRC and IEC approval, along with CTRI registration. It includes patients with acute MI who underwent primary PCI. Informed consent was obtained, and relevant patient data such as risk factors, blood investigations, ECG, ECHO, CAG reports, and previous clinical investigations were noted. Angiographic images were analyzed for flow outcome using various scoring modalities. Associations between post-procedural flow outcome, risk factors, and scoring modalities were evaluated.
Data Analysis
All variables will be entered into EZR software for analysis. Categorical variables will be presented as frequencies and percentages, while continuous variables will be expressed as mean ± standard deviation. A p-value of less than 0.05 will be considered statistically significant. Pearson's correlation coefficient will be used to assess associations between two continuous variables. Additionally, multivariate regression analysis will be conducted to identify independent predictors of coronary flow.
RESULTS
The study included 188 male and 52 female patients, with an average age of 59.26 ± 12.64 years. The findings showed that 40.8% had diabetes, 44.6% had hypertension, 20.8% were smokers, 0.8% were obese, 17.1% had dyslipidemia, and 31.7% had a family history of CAD. The mean pre-procedural SBP and DBP were 81.88 ± 16.38 mmHg and 132.18 ± 26.92 mmHg. The mean post-procedural SBP and DBP were 140.63 ± 30.08 and 78.49 ± 16.63 mmHg, respectively.

	BASELINE CHARACTERISTICS
	MEAN ± SD


	Age
	59.26 ± 12.64

	Height
	162.10 ± 6.60

	Weight
	66.91 ± 7.14

	Bmi (kg/m²)
	25.66 ± 4.19

	Pre-Procedural SBP (mmHg)
	132.18 ± 26.92

	Pre-Procedural DBP(mmHg)
	81.88 ± 16.38

	Post Procedural SBP (mmHg)
	140.63 ± 30.08

	Post Procedural DBP(mmHg)
	78.49 ± 16.63








                                                                 
Table 1: The Baseline parameter

A significant proportion of individuals with diabetes, hypertension, and dyslipidemia were found to be receiving treatment. Specifically, among the participants, 95 patients with diabetes (39.6%), 101 patients with hypertension (42.5%), and 36 patients with dyslipidemia (15%) were identified as taking medications for their respective conditions.

Figure 1 : Risk factors
The study included 240 patients, and the findings demonstrated that a considerable percentage of patients with diabetes, hypertension, and dyslipidemia were receiving treatment. Specifically, among the total participants, 95 patients with diabetes (39.6%), 101 patients with hypertension (42.5%), and 36 patients with dyslipidemia (15%) were identified as taking medications for their respective conditions.
	RISK FACTORS
	Frequency (%)

	DM
	95 (39.6%)

	HTN
	101 (42.1%) 

	Dyslipidemia
	36 (15.0%)



                                                      



Table 2 : Consumptions medications to manage the corresponding risk factors

In a study of 240 STEMI patients, various laboratory parameters were assessed prior to angioplasty. Results showed mean values for renal function (serum creatinine: 1.50 ± 3.83, urea: 26.20 ± 12.89), liver function (serum albumin: 4.43 ± 0.41), thyroid function (TSH: 3.44 ± 7.52), cardiac injury (troponin T: 0.87 ± 1.77), heart failure (NT-pro BNP: 1437.90 ± 3602.18), hemoglobin (13.98 ± 2.2), postprandial glucose (199.24 ± 107.28), lipoprotein (HDL: 43.45 ± 14.47, LDL: 148.20 ± 49.48, total cholesterol: 213.11 ± 55.65, triglycerides: 152.93 ± 78.29, HDL-C: 5.30 ± 1.87), and electrolyte levels (sodium: 134.71 ± 4.88, potassium: 5.10 ± 4.44).

	BLOOD INVESTIGATION
	MEAN ± SD

	Creatinine (mg/dl)
	1.50 ± 3.83

	Hb (mg/dl)
	13.98 ± 2.2

	Albumin (g/dl)
	4.43 ± 0.41

	Urea (mg/dl)
	26.20 ± 12.89

	TSH (mIU/LA)
	3.44 ± 7.52

	PP Glucose (mg/dl)
	199.24 ± 107.28

	TROP T (ng/dl)
	 0.87 ± 1.77

	NT- proBNP (pg/dl)
	 1437.90 ± 3602.18

	LIPOPROTEINS
	

	HDL (mg/dl)
	43.45 ±  14.47

	LDL (mg/dl)
	148.20 ± 49.48

	Total Cholesterol (mg/dl)
	213.11 ± 55.65

	TGL (mg/dl)
	152.93 ± 78.29

	HDL-C (mmol/l)
	5.30 ± 1.87

	ELECTROLYTES
	

	Sodium (mmol/l)
	134.71 ± 4.88

	Potassium (mmol/l)
	5.10 ± 4.44












Table 3: Baseline haematological parameters

In a study involving 240 patients who underwent primary percutaneous coronary intervention (pPCI), coronary flow patterns were evaluated. Parameters such as TIMI flow grade, TIMI frame count, and myocardial blush grade (MBG) were assessed. The results showed that 81.9% of the population achieved TIMI flow 3, while TIMI flow 2 was observed in 15.1% and TIMI flow 1 in 2.9% of the subjects. The MBG analysis revealed varying degrees, with MBG 3 observed in 53.2% of individuals, MBG 2 in 22.1%, and lower grades in smaller percentages. The TIMI frame count averaged at 23.66 ± 12.60.

The study involved 240 patients who underwent pPCI for STEMI, and their ECG parameters were assessed. The mean heart rate was 75.70 ± 20.72 bpm, and the mean QRS duration was 98.59 ± 19.51 ms. The majority of patients exhibited ST-segment changes, with 209 patients (87.1%) displaying ST elevation, while only 3 patients (1.2%) showed ST depression, and 27 patients (11.2%) had both ST elevation and ST depression. Furthermore, T wave changes were observed, with 225 patients (93.8%) having upright T waves and 15 patients (6.2%) showing T wave inversion. Follow-up ECGs were also conducted, and the mean heart rate was found to be 74.33 ± 14.49 bpm, while the mean QRS duration was 96.50 ± 15.28 ms.




	[bookmark: _Hlk132227290]ECG CHANGES (BASELINE)
	MEAN ± SD

	HR (bpm)
	75.70 ± 20.72

	QRS (ms)
	98.59 ± 19.51

	ST SEGMENT CHANGES
	FREQUENCY (%)

	St Elevation
	209 (87.1%)

	St Depression
	3 ( 1.2%) 

	No Changes
	1 (0.4%) 

	St  Elevation And St Depression
	27 (11.2%) 

	T WAVE CHANGES
	FREQUENCY (%)

	Upright
	225 (93.8%)

	Inverted
	15 (6.2%)

	ECG CHANGES (FOLLOW UP)
	MEAN ± SD

	HR (bpm)
	74.33 ± 14.49

	QRS (ms)
	96.50 ± 15.28



















	ECHO FINDINGS
	MEAN ± SD

	EF (Baseline)	
	47.98 ± 8.66

	EF (Follow Up)	
	50.66 ± 8.66


Table 4: Baseline ECG parameters





Table 5: ECHO parameters
Among all the risk factors analysed, the presence of DM had a significant impact on the post-procedural TIMI flow pattern (p-value: 0.024), while the existence of additional fatality factors did not have a statistically significant effect on TIMI flow. These findings suggest that DM is an important predictor of post-procedural TIMI flow in STEMI patients revascularized via primary PCI.
	Risk Factors
	Presence Of Risk Factor
	Timi Flow Grade
	P VALUE

	




DM
	Presence Of DM

	TIMI Flow Grade 1
	TIMI Flow Grade 2
	TIMI Flow Grade 3
	



	
	YES
	6 (85.7%)
	11 (30.6%)
	81 (41.4%)
	0.024

	
	NO
	1 (14.3%)
	25 (69.4%)
	114 (58.5%)
	

	





HTN
	Presence Of HTN

	

	
	YES
	5 (71.4%)
	20 (55.6%)
	81 (41.5%)
	0.104

	
	NO
	2 (28.6%)
	16 (44.4%)
	114 (58.5%)
	

	

Smoking / Tobacco
	Presence Of Smoking / Tobacco

	

	
	YES
	2 (28.6%)
	9 (25.0%)
	38 (19.5%)
	0.655

	
	NO
	5 (71.4%)
	27 (75.0%)
	157 (80.5%)
	

	

Obesity
	Presence Of  Obesity

	

	
	YES
	0 (0.0%)
	0 (0.0%)
	2 (1.0)
	0.801

	
	NO
	7 (100.0%)
	36 (100.0%)
	193 (99.0%)
	


 

                              Table 6: Association of risk factors with TIMI flow

	Dyslipidemia
	Presence Of Dyslipidemia

	TIMI Flow Grade 1
	TIMI Flow Grade 2
	TIMI Flow Grade 3
	P VALUE

	
	YES
	2 (28.6%)
	8 (22.2%)
	31 (15.1%)
	0.472

	
	NO
	5 (71.4%)
	28 (77.8%)
	164 (84.1%)
	

	Family H/O CAD
	Presence Of
Family H/O CAD
	

	
	YES
	4 (57.1%)
	16 (44.4%)
	56 (28.7%)
	0.062

	
	NO
	3 (42.9%)
	20 (55.6%)
	139 (71.3%)
	




In our study, 240 STEMI patients who had primary PCI had their TIMI flow compared to haematological parameters. We discovered that post-procedure TIMI flow grade was substantially correlated with NT pro BNP, troponin T, and creatinine (p values of 0.034 0.011, and 0.044, respectively). However, other blood parameters did not show a significant impact on TIMI flow patterns (p>0.05).


	BLOOD INVESTIGATION
	TIMI FLOW GRADE
	P Value

	
	TIMI Flow Grade 1
	TIMI Flow Grade 2
	TIMI Flow Grade 3
	

	Creatinine (mg/dl)
	1.18 ± 0.72
	2.98 ± 8.60
	1.25 ± 2.05
	0.044

	TROP T (ng/dl)
	2.77 ± 5.46
	1.09 ± 1.62
	0.78 ± 1.53
	0.011

	NT- pro BNP (pg/dl)
	4513.80 ± 6788.47
	2355.0.3 ± 4837.70
	1181.17 ± 3156.61
	0.034


Table 7: The relationship between haematological parameters and TIMI flow

Our study aimed to examine the relationship between various risk factors and myocardial blush grade in 240 patients with STEMI who received primary PCI. Our results indicated that only HTN had a statistically significant impact on post-procedural TIMI flow pattern (p-value: 0.045), while the other risk factors did not show a significant effect on MBG. Our results indicate that high blood pressure (HTN) is a significant factor that can predict the occurrence of post-procedural myocardial blush grade (MBG) in patients with ST-elevation myocardial infarction (STEMI) who receive primary percutaneous coronary intervention (PCI).

	RISK FACTORS
	PRESENCE OF RISK FACTOR
	MYOCARDIAL BLUSH GRADE
	P VALUE

	




DM
	
	MYOCARDIAL BLUSH GRADE 1
	MYOCARDIAL BLUSH GRADE 2
	MYOCARDIAL BLUSH GRADE 3
	



	
	ON MEDICATION

	

	
	YES
	1 (6.7%)
	6 (8.7%)
	11 (7.3%)
	0.092

	
	NO
	6 (40.0%)
	40 (58.0%)
	96 (63.6%)
	

	





HTN
	
	

	
	ON MEDICATION

	

	
	YES
	4 (26.7%)
	20 (29.0%)
	28 (18.5%)
	0.045

	
	NO
	5 (33.3%)
	36 (52.2%)
	95 (62.9%)
	


Table 8: Association of risk factors with MBG.























                                                      Figure 2: TIMI flow grade


Figure 3: Myocardial blush grade


The Gensini score in a research with 240 STEMI patients was found to be 56.24 ± 26.13, showing substantial coronary artery obstruction, while the GRACE score was 116.47 ± 27.85, indicating a high likelihood of unfavourable outcomes. 
	Risk Score
	MEAN ± SD

	Gensini Score
	56.24 ± 26.13

	Grace Risk Score
	116.47 ± 27.85






                                             Table 3: Gensini And Grace Risk Score










RISK FACTORS
FREQUENCY(%)	YES	NO	YES	NO	YES	NO	YES	NO	YES	NO	YES	NO	DM	HTN	SMOKING/TOBACCO	OBESITY 	DYSLIPIDEMA	FAMILY H/O CAD	98	142	107	133	50	190	2	238	41	199	76	164	

TIMI FLOW GRADE
FREQUENCY(%)	
TIMI FLOW GRADE 1	TIMI FLOW GRADE 2	TIMI FLOW GRADE 3	TIMI FLOW GRADE	7	36	195	

MYOCARDIAL BLUSH GRADE

MBG 1	MBG 2	MBG 3	15	69	156	

