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Abstract—this paper describes the necessity of Clinical Engineers to mange(for the management of) medical equipment in (of) Coronary Care Unit (CCU) of  National Institute of Cardiovascular Diseases & Hospital (NICVD & H), Dhaka, Bangladesh. The paper describes the present and past situation of medical equipment management in CCU by Clinical Engineers and finally it explores the benefit of medical equipment management by clinical engineering professionals .To ensure the safety and reliability of medical equipment is a mandatory task in clinics and hospitals. Medical equipment is used in CCU usually for the treatment of heart attack and to prevent cardiac arrest diseases. Usually therapeutic, monitoring & life support equipment are used for emergency purpose but their clinical setting and regular calibration is of utmost importance in the treatment of coronary patients. The proposed research on clinical engineering maintenance program suggests possible remedies for occurring faults and need of personnel to rectify those. Presently the Clinical Engineering professionals and Biomedical Equipment Technicians are not available in CCU although their inputs are very important. Emergency Enrollment of Clinical Engineers for managing CCU equipment of NICVD and hospitals of Bangladesh is the most sensitive issue in to provide clinical services. In this paper a module of Clinical Engineering Department (CED) has been proposed only for CCU.  
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I.  Introduction 

National Institute of Cardiovascular Diseases & Hospital (NICVD&H) started its journey under the umbrella of Shahed Sharawardy Hospital Complex with 50 beds (capacity of 50 only ) in 1978 for the prevention and curative treatment of heart diseases. Sequentially some medical equipment was donated by Japan International Cooperation Agency (JICA) during period 1980-84.  8 beds were allocated for CCU patients 6 out of 50 beds were occupied for Coronary Care Unit (CCU). With the increment of population and change in life style, the number of heart patient increased rapidly and a new and separate 200 beds hospital was established by the Government of Bangladesh in 1995. Initially12 beds were earmarked for CCU but successively it was increased to 414 beds having 30 beds reserved for CCU. The CCU is divided into two parts CCU-1 and CCU-2. CCU-1 can accommodate 12 patients and 18 patients could be accommodated in CCU-2 in 2001 having all types of medical equipment [1]. Central monitoring station with 8 parameter bed side patient monitors was available in CCU. Critical care ventilators, central medical gas line terminals, wall suction devices , color Doppler echo machine, blood gas analyzer , automatic analyzer , Cardiac C-Arm for emergency and temporary pace maker setting ,bed side monitor with telementary , portable suction apparatus, syringe infusion pumps , emergency medicine trolley, portable 12 channel ECG and defibrillator machine were available for proper functioning of CCU. For the better maintenance and operation of CCU equipment one government trained cclinical eengineer, one project engineer, one maintenance engineer from third party and two technicians were appointed for  standard uninterrupted functioning of the CCU.  Up to 2003 NICVD hospital was a pioneer hospital with a standard CCU in public sector. A patient welfare funding source to be  supported  for  emergency repair and preventive maintenance of equipment. Presently the performance of CCU has deteriorated due to negligence of mmedical eengineering department and government bureaucracy although government recruited 12 technical personnel to look after the equipment. During several visits the author did not find any technical personnel in CCU and CCU officials acknowledged it [2]. Huge number of costly medical equipment in CCU has been found to be non functional due to lack of a simple  maintenance and scarcity of spare parts. Moreover, no inventory record of medical equipment or any history sheet/logbook has been found. It is a bad and sad experience for the poorest patients in the globe [2, 3].

A. Problem Identification

The problem associated with the proposed topic is given below [3, 4]: (i) Present in-house engineering team is not well educated in clinical engineering or has no training on clinical engineering technology. (ii) CE team has no idea on clinical setting of CCU equipment. (iii) Most of the engineering staff are very poor in medical electronics, IT, English language and medical equipment related medical terminology. (iv) Patient & operator safety procedures are not ensured. (v) Preventive/periodic maintenance are not done. (vi) Testing & calibration tools are not available in the in-house workshop and engineering team is not trained on testing tools. (vii) Medical equipment engineer is engaged with other Government Organization for procurement of new equipment and less attention was given to the CCU department. (viii) Result from diagnostic equipment is found to be erroneous. (ix) Equipment operators and nurses are not well trained and  lees educated ward boys have been found to be continuously operating operated  the equipment. (x) In the night shift no technician was found to reset/set-up the CCU equipment. (xi) Patient safety features of CCU equipment were never tested for its proper functional ability. (xii) Present engineering team seemed themselves to superior but practically they have not adequate knowledge on CE management and HTM. Maximum miss information is received by top-level policy maker.       
B. Equipment Inventory of CCU in NICVDH
A huge numbers of costly modern medical equipment are being used by NICVD & H for the prevention and curative treatment of Cardio-Vascular diseases. The following types of equipment are available in NICVD.
· Measuring and recording equipment (MRE) such as blood pressure monitor, ECG, bedside monitor, ETT, Holter monitor 

· Laboratory diagnostic equipment (LDE) such as automated analyzer , blood gas analyzer, blood bank refrigerator 

· Medical imaging equipment (MIE) such as Coronary Angiogram, Digital X-ray, Gama Camera, CT Angiogram, Color Doppler Ultrasound. 

· Therapeutic equipment (TE) such as heart lung machine, pacemakers, surgical diathermy, infusion pump, ICU ventilator, anesthesia, operating microscope, piped medical gases, defibrillator. Other ancillary medical and hospital service equipment CSSD Equipment

· Other ancillary medical and hospital service equipment 
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Fig. 1. Medical inventory data report of CCU unit in NICVD.

The total number of different type equipment is more than 1500 in NICVD. Computerized equipment inventory and documentation could not be updated due to lack of clinical or computer engineer. Here the authors mentioned only major medical equipment of Coronary Care Unit (CCU) in Fig 1 .  

II. Treatment and Test Procedure of CCU 
Severe cardiac attack and cardiac arrest patients are checked by emergency department for primary level observation and within a short interval patients are transferred  moved to CCU for recovery treatment. After admission and diagnosis, patients are sorted according to disease pattern. Patients with unusual cardiac arrest and arrhythmia are to be  sent for pace maker and remaining patients sent for stent setting or cardiac surgery. Investigations and treatment performed by the CCU equipment. Some major equipment is listed in Table I [5, 6]. 
TABLE I.  CCU Equipments and their functions
	Medical Equipment of CCU 
	Category of equipment 
	Purpose of use 

	Beside Cardiac Monitor
	 Monitoring & Recording Equipment 
	Monitoring  ECG, NIBP, IPB, SPO2,  EtCo2, Pulse, Temperature, lower and higher value of any parameter

	ECG machine 
	MRE 
	Diagnosis of the electrical activity of the heart and heart beat, arrhythmia. Normal or abnormal condition of heart   

	Mechanical Ventilator  
	TE  
	Some heart patient admitted with asthma and who are unable to breath normally- in such cases ICU ventilator is used for artificial respiration   

	Infusion pump
	TE  
	When some costly injection in precision dose is to be pushed for a longtime which manually cannot be controlled, this device is used.  

	Central medical gas supply and vacuum system 
	TE  
	Most of the cardiac patients need O2 and suction to clear the throat and larynx.

	Central Monitoring Station  
	Monitoring the condition of patients  
	Doctors monitor patient condition from a central location in ward/floor and suggest treatment.   

	Cardiac C-arm 
	MIE & TE 
	Used for setting the temporary pacemakers  

	Blood Gas Analyzer 
	LDE 
	Used to check the PO2, CO2, HCO3, PH of blood 

	Automated analyzer 
	LDE
	Used to check Na, K, Ca, Mg, Cl Electrolyte, Cholesterol, SGPT, FBS, RBS     

	Defibrillator 
	TE  
	Used for complete heart block patients  

	Color Doppler Ultrasound  
	MIE & LDE 
	Used to check  heart condition  


III. Enrollment of CE and BMET for CCU of NICVD
A. Present Enrolment of Clinical Engineering vs. Standard Requirement
Population of Bangladesh is increasing and heart diseases are also increasing among patient due to life style and environment. So every year government is procuring new medical equipment for the treatment of heart diseases patient. Human resources to manage the CCU were reflected by authors in Fig. 2. From this table any one can gauge the necessity for enrollment of Clinical Engineer and BMETs [6, 7].       
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Fig. 2. Standard requirement of human resources vs. existing manpower to mange 30 beds CCU of NICVD.

B. A sub-standard   Model of CCU in Developing Country like Bangladesh- without CE and BMETs 
Some pictorial situations are given in Fig. 3 which will show the absence of CE and BMETs. P1: A bedside patient and ventilator machine are connected with patient but Electrodes and wall outlet O2 disconnected and machines are alarming but there are no person to recover. P2. Due to lack of Preventive Maintenance more than 15 Nebulizer machines are stored and not using and one is using but air filter never changed. P3. A bed side monitor showing the patient data with noise due to ground and dirty electrode placing and one wall suction machine are using but no person here to clean it and cough and waste blood found in the jar. If in-house CED will establish then this problems will recover automatically through their duty.   
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Fig. 3. Practical pictures of CCU in  NICVD (left:P1; middle:P2; right:P3).

C. Rules & Regulation for Enrollment of Clinical Engineers and BMETs in CCU of NICVD

Clinical engineering, clinical engineering management, clinical equipment management, clinical technology management, clinical technology services, medical equipment management, and medical equipment repair), is a fundamental part of managing & maintaining of equipment. It includes processes used in interaction and oversight of the need for medical equipment involved in diagnosis, treatment and monitoring of patients. The related policies and procedures govern activities such as the selection, planning, and acquisition of medical devices through the incoming inspection, acceptance, maintenance and eventual phasing out and disposal of equipment. Medical equipment management is a recognized profession within the medical logistics domain. The role of CE professional's is to ensure that equipment and systems used in patient care are operational, safe, and properly configured to meet the healthcare mission; that the equipment is used in an effective way consistent with the highest standards of care by educating the healthcare provider, equipment user and patient. That the equipment is designed to limit the potential for loss, harm, or damage to the patient, provider & visitor. To facilitate various means of analysis prior to and during acquisition, monitoring and foreseeing problems during the lifecycle of the equipment. Lastly to collaborate with the parties who manufacturer, design, regulate, or recommend safe medical devices and systems [8].
D. Roles of CE Professionals
The role of Clinical Engineering Professionals are as follows: Equipment Control & Asset Management; Equipment Inventories; Work Order Management; Data Quality Management; Equipment Maintenance; Personnel Management; Quality Assurance; Patient Safety; Risk Management; Hospital Safety Programs; Radiation Safety; Medical Gas Systems; In-Service Education
IV. Ideal Modeling of Clinal Engineers and BMET
Requirement of Clinical Engineers and Biomedical Equipment Technicians depend on some factors and it varies from country to country. Some criteria are noted to determine the requirement of CEs and BMETs by the reports [9]. 

· Average 7 CEs for 2,50,000 population 

· One CE  for 100 bed hospital 

· One CE for 2.5 billion USD 
· Depending on equipment, health facility department, critical condition, inpatient, roster duty and country context Clinical Engineers and BMETs are varies.  

Considering above four factors a need based configuration of Clinical Engineers and BMETs for a 30 bed CCU in NICVD is shown in Table no II. Fig. 3 shows the proposed chart for proper management of CCU equipment in NICVD. 

TABLE II.  Standard Propsed  Rosteer duty of CEs & BMETs for proper manament of CCU Equipment  
	Title of professionals 
	1st shift 

6am -2 pm 
	2nd shift 

2-10pm 
	3rd shift 

10pm-6am 
	 Weekends day  /Leave / emergency 

	CEs 
	1
	1
	1
	1

	BMETs
	3
	3
	3
	3
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Fig. 4. Proposed  CED chart for management of CCU equipment of NICVD.

In CCU all Clinical Engineers are capable of managing all clinical equipment used in CCU. On the other hand biomedical technicians will be of different trade for different equipment and CCU. One senior Clinical Engineer will work as Clinical Engineering Manager and a total number of 17 technical personnel will be required.   

V. Relation between CCU Equipment Management and Clinical EngineerS
Clinical Engineers and biomedical technicians are very important in this place. Necessity of CEs and BMETs are described in Table III. All (×) marked tasks in the column are the responsibilities of CEs and BMETs [10, 11]. The CCU equipment management without CE and with CE is shown in Table IV [12].   

TABLE III.  Application of CE and BMETs for CCU
	Equipment 
	Operational
	Calibration
	Clinical setting
	Routine maintenance
	Patient safety
	Preventive maintenance
	Risk management
	Operational

	Patient monitoring system   
	×
	×
	×
	×
	×
	×
	×
	×

	C-Arm and X-ray System 
	-
	×
	×
	×
	×
	×
	×
	×

	ECG 
	-
	×
	×
	×
	×
	×
	×
	×

	USG
	-
	×
	×
	×
	×
	×
	×
	×

	Piped Medical Gas  Outlets 
	×
	×
	×
	×
	×
	×
	×
	×

	C-arm X-Ray
	×
	×
	×
	×
	×
	×
	×
	×

	Blood Gas & Auto Analyzer 
	-
	×
	×
	×
	×
	×
	×
	×

	ECG, Central Monitor, Defibrillator  
	-
	×
	×
	×
	×
	×
	×
	×

	Ventilator 
	-
	×
	×
	×
	×
	×
	×
	×


TABLE IV.  CCU Equipments Management with and without CE
	CCU without CEs & BMETs
	CCU with CEs & BMETs
	Remarks 

	Clinical parameters  setting not possible   
	Possible properly 
	Most of the users  are afraid of electric  current and have no knowledge on medical equipment  

	Regular calibration not possible 
	 For patient safety and better treatment regular calibration of CCU equipment is a prerequisite.
	Users have no enough knowledge on calibration and hence result from equipment will be erroneous.  

	Preventive and corrective maintenance will not be possible. 
	Operation and preventive maintenance
	Good result can be obtained from the equipment  

	Leakage current, equipment enclosure current, grounding are not be considered during operation, patients and nurses are always in risk situation     
	CEs and BMETs are expected to be  certainly skilled on leakage current , equipment enclosure current, grounding and  radiation hazards 
	Operation and maintenance will be ensured, also risk management ensured 


VI. Results and Discussions
From the data Table I it was found that more than 45 % equipment are non functional and from data table II the Clinical Engineers and Biomedical Technicians are absent although all other medical professionals and co-medical professionals are adequate in the CCU. Maximum equipment found dirty and there was no In-house Clinical Engineering Department for CCU. Some technicians and one engineer were appointed by the hospitals but their working time is limited are from 8am-2pm. For the evening and night shift, there is no Biomedical Equipment Technician [13].        
VII. Conclusions
Clinical Engineering Department is a very important issue for CCU to manage CCU equipment. To establish a clinical engineering department a module was proposed by the authors in Table IV and Chart I. Last but not least, a practical pictorial pattern of CCU for NICVD is recommended by the authors for functioning of standard CCU Equipment. It will be appreciable if concerned authority of NICVD takes initiative to develop a CCU with CEs and BMETs. Otherwise it is not possible to deliver proper treatment to the cardiac patient. 
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