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											Abstract

											
												 
												Aim: To assess the effect of moderate procedural sedation and opioid analgesia in the incidence of radial artery spasm during trans-radial coronary interventions.
												

												 
												Methodology: A Prospective randomized controlled study conducted in the department of Cardiology in a tertiary care hospital in South India. The study included patients undergoing diagnostic coronary angiography and percutaneous coronary intervention (PCI) with trans-radial access. Patients were randomized to either administration of sedation and analgesia (Treatment group) or no procedural sedative/analgesic (Control group). In the treatment group, Inj. Fentanyl 0.5 mcg/kg and Inj. Midazolam 1 mg slow intravenous over 2 minutes were administered at the beginning of the procedure. The incidence of spasm was the primary end point. Visual Analogue Scale (VAS) was used to assess the patient discomfort. The pain score was assessed immediately and 6 hours post-procedure. Statistical analysis was done using SPSS software and Pearson Chi square test to compare the treatment and control groups.
												

												 
												Results: A total 400 patients were enrolled in the study. Among the 29 patients with spasm, 21 were from the “No treatment” group whereas only 8 patients were from the “Treatment group”. i.e., 10.5% patients from the “No treatment” group had spasm while only 4% of patients from the “Treatment group” had spasm which is statistically significant (p = 0.021). The predisposing factors for the incidence of radial artery spasm were systemic hypertension, dyslipidemia, and previous history of radial artery catheterization.
												

												 
												Conclusion: Administration of opioid analgesia and benzodiazepines combination before the procedure significantly reduced the incidence of radial artery spasm.
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										Introduction

										
											The trans-radial approach for coronary interventions has emerged as a widely accepted alternative globally to the traditional femoral approach [1]. It is accepted based on evidence that trans-radial interventions are associated with decreased vascular complications and in-hospital stay for patients [2,3]. Also, in certain group of patients like patients with acute coronary syndromes, trans-radial approach is found to have been associated with better procedural outcomes [4,5].
										

										
											Among all the coronary interventions, only 1.3% of the procedures are performed through trans-radial access. There are considerable benefits with reduction in patient discomfort, early mobilization of the patient following the procedure, reduced procedure cost etc.
										

										
											Majority of the complications and difficulties during trans-radial intervention is related to the spasm of the radial artery triggered by the sheath or catheter insertion into the radial artery.
										

										
											It is in this context we proposed our study to evaluate the role of moderate procedural sedation with opioid analgesia and benzodiazepines in preventing radial artery spasm.
										

										Aim

										
											To assess the effect of moderate procedural sedation and opioid analgesia in the incidence of radial artery spasm during trans-radial interventions.
										

										Methodology

										Study design

										
											This is a prospective randomized controlled study conducted after getting approval from the Institutional Human Ethics Committee. The study was conducted in the department of Cardiology, in a tertiary care hospital in South India. All patients included in the study were explained in detail about the study and its purpose. Informed consent was obtained from the patients before the procedure.
										

										Inclusion criteria

										
											All prospectively recruited patients undergoing diagnostic coronary angiography and PCI with trans-radial access in the department of Cardiology.
										

										Exclusion criteria

										
											Patients with history of acute coronary syndrome (ACS) within the past two weeks, cardiogenic shock, end stage renal disease, severe hepatic impairment (Child-Pugh class C), patients with chronic opioid or benzodiazepine use, patients with known peripheral artery disease of upper limbs and patients with a history of hypersensitivity to opioids or benzodiazepines.
										

										Methods

										
											Patients were randomized in the ratio of 1:1 to either administration of sedation and analgesia (Treatment group) or no procedural sedative/analgesic treatment (Control group). In the treatment group, Inj. Fentanyl 0.5 mcg/kg and Inj. Midazolam 1 mg slow intravenous over 2 minutes were administered at the beginning of the procedure (during preparation of the access site). One additional dose was allowed 45 to 60 min after the first one. Respiration and oxygen saturation were constantly monitored.
										

										
											The right radial artery was cannulated as a default following a local infiltration of anaesthetic agent (subcutaneous lidocaine solution 2 mg). After radial sheath was placed, the routine cocktail of Inj. Nitroglycerine 100 mcg + Inj. Diltiazem/Inj. Verapamil 5 mg IV and Inj. Heparin 40 units/kg IV bolus was administered through the sheath to patients in both the groups. Post-procedure haemostasis was attained by applying dynaplast compression bandage.
										

										
											Visual Analogue Scale (VAS) was used to assess the patient’s discomfort. The pain score was assessed immediately after the procedure and 6 hours post-procedure.
										

										
											The incidence of spasm was considered as the primary end point. Spasm was confirmed arteriographically as severe narrowing/constriction of the radial artery lumen. The secondary end points were TIMI (Thrombolysis In Myocardial Infarction trial) major bleeding during stay in the hospital, any complications intra-procedure, allergic reactions, 30 day mortality and morbidity.
										

										
											Statistical analysis was done using SPSS software. Descriptive statistics were expressed as numbers and percentages. Pearson Chi square test was done to compare the significance between treatment and control groups. P value < 0.05 was considered statistically significant.
										

										Results

										
											According to our study, the primary end point of incidence of radial artery spasm was found to be significantly lesser among patients in the “Treatment group” when compared to the patients in “No treatment” group. A total of 29 patients among 400 patients enrolled in the study had radial artery spasm. Among the 29 patients with spasm, 21 were from the “No treatment” group whereas only 8 patients were from the “Treatment group”. i.e., 10.5% patients from the “No treatment” group had spasm while only 4% of patients from the “Treatment group” had spasm which is statistically significant (p = 0.021). This indicates that spasm occurred significantly less in patients who received the opioid analgesia and benzodiazepines combination before undergoing the procedure (Table 1).
										

										 
										
											
											
											Table 1: Overall incidence of spasm. View Table 1
											

										

										

										
											While analyzing the impact of the other variables of the patient population on the primary end point (Incidence of radial artery spasm), we found that out of the 29 cases of spasm 16 (55%) patients were females which was statistically significant with P value 0.008. This showed that predominantly female patients had spasm.
										

										
											Out of the 29 patients who had spasm, 25 (86%) were hypertensives which was statistically significant with p < 0.05. According to our study shows that hypertensives were significantly more susceptible for developing spasm during radial interventions than non-hypertensives (Table 2 and Figure 1).
										

										
										
											
												
												Figure 1: Incidence of spasm in hypertensives. 
													View Figure 1
												
											

										

										

										
										 
										
											
											
											Table 2: Incidence of spasm in hypertensives. View Table 2
											

										

										

										
										
										
											Similarly, out of the 29 patients who had spasm during procedure, 20 (69%) patients had dyslipidemia which was statistically significant at p < 0.05. This shows that dyslipidemia could be a factor that can predispose to developing spasm during radial interventions (Table 3 and Figure 2).
										

										
										
											
												
												Figure 2: Incidence of spasm in patients who had previous radial artery catheterization. 
													View Figure 2
												
											

										

										

										 
										
											
											
											Table 3: Incidence of spasm in patients who had previous radial artery catheterization. View Table 3
											

										

										

										
										
											Association of other variables like type II Diabetes, peripheral artery disease, renal dysfunction and smoking were found to be statistically insignificant in predisposing to spasm.
										

										
											Another important factor which was very concerned regarding doing radial interventions is the amount of pain perceived by the patient due to the procedure. For this, a visual analogue scale (VAS) scoring system was used in which patients describe/quantify the pain perceived by them as a score between 0 to 10 with 0 meaning that there was no pain and 10 corresponding to extreme pain.
										

										
											We divided the patients who perceived pain into three categories - Those who had a pain score of 1 to 3 as Mild discomfort, 3 to 6 as moderate discomfort and more than 6 as severe discomfort. And we took the VAS scoring from patients at three time periods - before procedure, immediate post-procedure and 6 hours post-procedure.
										

										
											Significant number of patients from the “Treatment group” had only Mild discomfort during the immediate post-procedure period. However, most of the patients from both the “Treatment group” as well as the “No Treatment” had only mild discomfort or no pain at all at the 6 hours post-procedure period. Thus, according to our study, we noticed that administration of moderate procedural sedation with benzodiazepines and opioid analgesia considerably reduced the immediate post-procedure pain/discomfort for the patients (Table 4).
										

										 
										
											
											
											Table 4: Difference in the immediate post-procedure pain score (visual analogue scale). View Table 4
											

										

										
										
											Access site cross-over, i.e., needing to change the approach to the procedure from radial route to elsewhere (viz. the other radial artery, brachial or femoral routes) was seen more commonly with patients in “No Treatment” group. The most common reason behind access site cross-over being radial artery spasm.
										

										
											A total of 12 patients in the entire study population had access site cross-over among which 10 (5%) patients were from the “No Treatment” group whereas only 2 (1%) patients were from the “Treatment Group”. This showed that there were a statistically significant number of patients from the “No Treatment” group who needed access site cross-over predominantly due to radial artery spasm. Other reasons for access site cross-over were difficult anatomy of the radial artery and/or the coronary sinuses, increased tortuosity in the course of the artery etc.
										

										Discussion

										
											The increased tendency of the radial arteries to go into spasm may be attributed to the characteristic morphology of its vessel wall which has a marked muscle mass which is significantly more than the other arteries and the high density of alpha - adrenergic receptors in the radial artery [6,7].
										

										
											It is estimated about 15 to 30 % of trans-radial interventions lead to this complication [8]. One other major concern about radial artery spasm is that it may lead to perforation of the vessel.
										

										
											Some of the major advantages of the trans-radial approach are lower rates of access related complications, early mobilization of the patients, shorter in-hospital stays, less patient discomfort over-all [3,4,9,10].
										

										
											Increased incidence of access site cross-over has been reported during trans-radial access due to radial artery spasm. Hence preventive measures are being carried out to avoid the radial artery spasm, the common ones being the administration of the routine vasodilator cocktail [11-14] of Inj. NTG + Inj. Verapamil/Inj. Diltiazem after insertion of the radial sheath [15,16].
										

										
											The combination of opioid and benzodiazepines help prevent radial artery spasm in more than one mechanism, namely their sedative and analgesic effect and direct vasodilatory effects. This has been studied in detail and published by Gursoy, et al. [17,18].
										

										
											Our study has shown that the use of Moderate Procedural Sedation prior to radial interventions causes statistically significant reduction in the incidence of radial artery spasm. Apart from this, we also observed that the incidence of spasm is more common among female patients when compared to males.
										

										
											According to our study, the other variables which were found to be predisposing to the incidence of radial artery spasm among people undergoing radial interventions are systemic hypertension, dyslipidemia and previous history of radial artery catheterization for any reason.
										

										
											A similar randomized open label prospective study carried out in Greece reported incidence of spasm in 2.6% of patients in the treatment group, whereas it was reported in 8.3% of patients in the no-treatment group which was similar to the current study.
										

										
											Other predisposing factors for the development of spasm were female sex and smoking according to this study. Spasm more frequently occurred in patients who underwent combined coronary angiogram and percutaneous trans-catheter coronary angioplasty procedure (PTCA).
										

										
											According to a meta-analysis, the success rate for PCI through trans-radial approach was found to be similar to that of the femoral route. There was significantly less puncture site complications in patients undergoing trans-radial intervention when compared to femoral interventions [19].
										

										
											Caroline Birgy, et al. studied the effect of inhalational sedation and opioid analgesia on pain and spasm of radial artery during coronary angiograms in trans-radial approach. They observed that inhalational sedation with a mixture of nitrous oxide and oxygen was equally safe and effective as opioid analgesia [20].
										

										
											From the current study it was evident that routine administration of low dose opioid analgesia and procedural sedation can significantly bring down the incidence of radial artery spasm and thereby avoiding the deadly complications related to radial artery spasm.
										

										
											The population who was at relatively more risk for development of radial artery spasm were females, hypertensives, dyslipidemics and patients who had undergone previous radial artery catheterizations.
										

										
											Apart from reducing the incidence of spasm, the regime of procedural sedation and analgesia also reduced the immediate post-procedure pain experienced by the patient.
										

										Conclusion

										
											It was observed from the current study that it is beneficial to use opioid analgesia and benzodiazepine sedation prior to procedure to reduce the incidence of radial artery spasm during trans-radial coronary interventions. It was also evident that hypertensives, patients with dyslipidemia and a history of previous radial artery catheterization were more prone for spasm. Hence the practice of giving opioid analgesia and moderate sedation prior to trans-radial coronary interventions could be considered for the benefit of the patient.
										

										Acknowledgement

										
											 The authors thank all the Cath lab technicians and staff nurses who have supported and assisted the coronary interventions.
										

										Conflict of Interest

										
											The authors did not have any conflict of interest.
										

										Funding

										
											This research was not funded by any funding agency.
										


										References


										
										 
										 
										 
										 
												
												
													Hamon M, Pristipino C, Di Mario C, Nolan J, Ludwig J, et al. (2013) Consensus document on the radial approach in percutaneous cardiovascular interventions: Position paper by the european association of percutaneous cardiovascular interventions and working groups on acute cardiac care** and thrombosis of the european society of EuroIntervention 8: 1242-1251.
												
											


												
												
													Jolly SS, Amlani S, Hamon M, Yusuf S, Mehta SR (2009) Radial versus femoral access for coronary angiography or intervention and the impact on major bleeding and ischemic events: A systematic review and meta-analysis of randomized trials. Am Heart J 157: 132-140.
												
											


												
												
													Kiemeneij F, Laarman GJ, Odekerken D, Slagboom T, van der Wieken R (1997) A randomized comparison of percutaneous transluminal coronary angioplasty by the radial, brachial and femoral approaches: The access study. J Am Coll Cardiol 29: 1269-1275.
												
											


												
												
													Jolly SS, Yusuf S, Cairns J, Niemelä K, Xavier D, et al. (2011) Radial versus femoral access for coronary angiography and intervention in patients with acute coronary syndromes (RIVAL): A randomised, parallel group, multicentre trial. Lancet 377: 1409-1420.
												
											


												
												
													Rao SV, Cohen MG, Kandzari DE, Bertrand OF, Gilchrist IC (2010) The transradial approach to percutaneous coronary intervention: Historical perspective, current concepts, and future directions. J Am Coll Cardiol 55: 2187-2195.
												
											


												
												
													He GW, Yang Q, Yang CQ (2002) Smooth muscle and endothelial function of arterial grafts for coronary artery bypass surgery. Clin Exp Pharmacol Physiol 29: 717-720.
												
											


												
											   
												He GW (2003) Arterial grafts for coronary surgery: Vasospasm and patency rate. J Thorac Cardiovasc Surg 125: S68-S70.
											  
											


												
												
													Kiemeneij F, Vajifdar BU, Eccleshall SC, Laarman GJ, Siagboom T, et al. (2003) Evaluation of a spasmolytic cocktail to prevent radial artery spasm during coronary procedures. Cathet Cardiovasc Intervent 58: 281-284.
												
											


												
												
													Hetherington SL, Adam Z, Morley R, de Belder MA, Hall JA, et al. (2009) Primary percutaneous coronary intervention for acute ST-segment elevation myocardial infarction: Changing patterns of vascular access, radial versus femoral artery. Heart 95: 1612-161
												
											


												
												
													Deftereos S, Giannopoulos G, Raisakis K, Kaoukis A, Kossyvakis C, et al. (2011) Transradial access as first choice for primary percutaneous coronary interventions: Experience from a tertiary hospital in Athens. Hellenic J Cardiol 52: 111-117.
												
											


												
												
													Varenne O, Jégou A, Cohen R, Empana JP, Salengro E, et al. (2006) Prevention of arterial spasm during percutaneous coronary interventions through radial artery: The SPASM study. Catheter Cardiovasc Interv 68: 231-235.
												
											


												
												
													Deftereos S, Giannopoulos G, Kossyvakis C, Driva M, Kaoukis A, et al. (2011) Radial artery flow-mediated dilation predicts arterial spasm during transradial coronary interventions. Catheter Cardiovasc Interv 77: 649-654.
												
											


												
												
													Coppola J, Patel T, Kwan T, Sanghvi k, Srivastava S, et al. (2006) Nitroglycerin, nitroprusside, or both, in preventing radial artery spasm during transradial artery catheterization. J Invasive Cardiol 18: 155-158.
												
											


												
												
													Chen CW, Lin CL, Lin TK, Lin CD (2006) A simple and effective regimen for prevention of radial artery spasm during coronary catheterization. Cardiology 105: 43-47.
												
											


												
												
													Biondi-Zoccai GGL, Moretti C, Omedè P, Sciuto F, Agostoni P, et al. (2011) Intra-arterial lidocaine versus saline to reduce peri-procedural discomfort in patients undergoing percutaneous trans-radial or trans-ulnar coronary procedures. Acta Cardiol 66: 9-14.
												
											


												
												
													Kim SH, Kim EJ, Cheon WS, Kim MK, Park WJ, et al. (2007) Comparative study of nicorandil and a spasmolytic cocktail in preventing radial artery spasm during transradial coronary angiography. Int J Cardiol 120: 325-330.
												
											


												
												
													Ho HH, Jafary FH, Ong PJ (2012) Radial artery spasm during transradial cardiac catheterization and percutaneous coronary intervention: Incidence, predisposing factors, prevention, and management. Cardiovasc Revasc Med 13: 193-195.
												
											


												
												
													Gursoy S, Bagcivan I, Yildirim MK, Berkan O, Kaya T (2006) Vasorelaxant effect of opioid analgesics on the isolated human radial artery: Eur J Anaesthesiol 23: 496-500.
												
											


												
												
													Liu P, Gao XL, Li BF, Ding XZ, Wang ZH, et al. (2015) Radial versus femoral artery access for percutaneous coronary angiography and intervention: A systematic review and meta-analysis of randomized controlled trials in Chinese population. Int J Clin Exp Med 8: 17151-17166.
												
											


												
												
													Deftereos S, Giannopoulos G, Raisakis K, Hahalis G, Kaoukis A, et al. (2013) Moderate procedural sedation and opioid analgesia during transradial coronary interventions to prevent spasm: A prospective randomized study. JACC Cardiovasc Interv 6: 267-273.
												
											




										



 

										

	


